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INTRODUCTION

1. The Conference of the Committee on Disarma-
ment submits to the General Assembly of the United
Nations and to the Disarmament Commission a progress
report on the Committee’s deliberations on all ques-
tiong before it for the period from 29 February 1972
to 7 September 1972, together with the pertinent docu-
ments and records.

2. This report includes accounts of the Committee’s
work during 1972 on further effective measures relat-
ing to the cessation of the nuclear arms race at an early
date and to nuclear disarmament, non-nuclear meas-

* Originaly circulated as document A/8818-DC/235.

ures inoluding the question of the prohibition of chem-
ical weapons, other collateral measures, and general
and complete disarmament under strict and effective
international control.

I. ORGANIZATION OF THE CONFERENCE
A. Procedural grrangemenis

3. The Conference teconvened on 29 Februoary
1972,

4, Two sessions were held, the first from 29 Feb-
ruary to 27 April 1972, and the second from 20 June
to 7 September 1972. During this period the Com-
mittee held 40 formal plenary meetings during which
members set forth their Government’s views and recom-



mendations for progress on the questions before the
Committee. The Committee also held six informal
meetings without records.

5 In addition to the plenary meetings described
above, members of the Committee met frequently for
informal multilateral consultations on disarmament
questions of common interest.

6. The representatives of the Union of Soviet So-
cialist Republics and the United States of America, in
their capacity as Co-Chairmen of the Committee, also
held meetings to discuss procedural and substantive
questions before the Committee.

B. Participants in the Conference

7. Representatives of the following States con-
tinued their participation in the work of the Com-
mittee: Argentina, Brazil, Bulgaria, Burma, Canada,
Czechoslovakia, Egypt, Ethiopia, Hungary, India, Italy,
Japan, Mexico, Mongolia, Morocco, Netherlands, Ni-
geria, Pakistan, Poland, Romania, Sweden, Union of
Soviet Socialist Republics, United Kingdom of Great
Britain and Northern Ireland, United States of America
and Yugoslavia

II. Work or THE COMMITTEE DURING 1972

2 Iz a letter dated 18 February 1972 (CCD/357),
the Secretary-General of the United Nations trans-
mitted to the Conference of the Committee on Dis~
armament the following resolutions adopted at the
twenty-sixth session of the General Assembly: resolu-
tion 2825 B (XXVI) on general and complete dis-
armament, resolution 2827 A (XXVI) on the ques-
tion of chemical and bacteriological (biological)
weapons, resolution 2828 C (XXVI) on the urgent
need for suspension of nuclear and thermonuclear tests,
resolution 2831 (XXVI) on the economic and social
consequences of the armaments Tace and its extremely
harmful effects on world peace and security, and also
the following resolutions which deal with disarmament
matters: resolutions 2825 A (XXVI) and 2825 C
(XXVI), entitled “Geperal and complete disarma-
ment”, resolution 2826 (XXVI), entitled “Convention
on the Prohibition of the Development, Production
and Stockpiling of Bacteriological (Biological) and
Toxin Weapons and on Their Destruction”, resolution
2827 B (OCXVI) entitled “Question of chemical and
bacteriological (biological) weapons”, resolution 2828
A (XXVI) and 2828 B (XXVI) entitled “Urgent need
for suspension of puclear and thermonuclear tests”,
resolution 2829 (XXVI), entitled “Establishment,

within the framework of the International Atomic En-

ergy Agency, of an international service for nuclear
explosions for peaceful purposes under appropriate
international control”, resolution 2830 (XXVI) en-
titled “Status of the implementation of General Assem-
bly resolution 2666 (XXV) concerning the signature
and ratification of Additional Protocol II of the Treaty
for fhe Prohibition of Nuclear Weapons in Latin
Americd (Treaty of Tlatélolco)”. resohition 2832
(XXVI), entitled “Declaration of the Indian Ocean as
a zone of peace”, and resolution 2833 (XXVI), en-
titled “World Disarmament Conference”. Members of
the Committee were assisted in their examination and
analysis of possible disarmament measures by numer-
ous messages, working papers, and other documents
that were submitted to the Conference (sce below an-
nexes A and B). and by the statements in plenary by
Committee members.

9. At the opening plenary meeting of the 1972
session, the Secretary-General of the United Nations
addressed the Conference. The Secretary-General paid
tribute to the accomplishments of the Conference of
the Committee on Disarmament over its 10 years of
existence and called it “the most effective and pro-
ductive organ for multilateral arms control and dis-
armament negotiations available to the international
commutnity” (see CCD/PV. 545). He emphasized the
aeed for a comprehensive test ban as the single most
jmportant measure to halt the muclear arms race, and
expressed his belief that all the technical and scien-
tific aspects of the problem had been 50 fully explored
that only a political decision was now necessary to
achieve final agreement. He expressed views on the
prohibition of the development, production and stock-
piling of chemical weapons, emphasized the signifi-
cance of the question of general and complete dis-
armament and stated that in his opinion it would be
most fitting that a world disarmament conference be
held at some early date. He also referred to the pro-
gress that has been made in working out safeguards
agreements as required by article III of the Treaty on
the Non-Proliferation of Nuclear Weapons,! and urged
that the speedy and successful conclusion of negotia-
tions on the agreements be facilitated. He called for
the participation of all the permanent members of the
Security Council in disarmament negotiations. The
Secretary-General also expressed assurance that the
Committee would put forward its utmost efforts to deal
with the full range of problems referred to it by the
General Assembly.

10. The Committee continued work in accordance
with its provisional agenda on the following measures
in the field of disarmament:

(a) Further effective measures relating to the ces-
sation of the nuclear arms race at an early date and fo
nuclear disarmament;

(b) Non-nuclear measures;

{¢) Other collateral measures;

(d) General and complete disarmament under strict
and effective international control.

1]. Many members of the Committee addressed
themselves to the question of a world disarmament
conference.

12. The question of the Committee’s orpanization
and procedures was also discussed.

A.  Further effective measures relating 1o the cessa-
tion of the nuclear arms race at an early date and
to nuclear disarmarnent

13. Members of the Committee continued their
work on questions relating to the cessation of the
nuclear arms race and many delegations expressed in
their statements in plenary meetings the view that
nuclear disarmament must be given highest priority.
They urged the adoption of effective measures for the
reduction and cessation of the arms race. '

14. A number of delegations made reference to the
signing of the two major agreements worked out through
the Strategic Arms Limitation Talks (SALT) between
the USSR and the United States—the Treaty on the
Limitation of Anti-Ballistic Missile Systems and the
fnterim Agreement on Certain Measures with Respect
to the Limitation of Strategic Offensive Systems. While

1 General Assembly resolution 2373 (XX}, annex.



citing the need for further measures, particulaily of
nuclear disarmament, several members of the Com-
mittee indicated that they viewed those agreements as
significant and promising accomplishments in the effort
to restrain and turn back the nuclear arms race. Some
delegations emphasized the need for further measures
of a qualitative as well as a quantitative nature.

15. The delegations of Czechoslovakia (see CCD/
PV.550), Poland (see CCD/PV.551), Mexico (see
CCD/PV.565), the Netherlands (see CCD/PV.572),
Pakistan (see CCD/PV.576), the Soviet Union (see
CCD/PV.577), Canada (see CCD/PV.581) and the
United States (see CCD/PV.584) expressed views on
the need to ensure a fuller measure of participation in
disarmament agreements, particularly in the field of
nuclear disarmament, concluded over the Iast few years.

16. The delegation of the Soviet Union expressed
views on the problem of ensuring the full effectiveness
and universality of the agreements in the field of dis-
armament and particularly of those relating to nuclear
disarmament (see CCD/PV.5TT).

17. The delegations of Czechoslovakia (see CCD/
PV.550), Poland (see CCD/PV.551), Mexico (see
CCD/PV.565), Pakistan (see CCD/PV.576) and the
Soviet Union (see CCD/PV.577) stressed the impor-
tance of full implementation of and adherence to the
Treaty on the Nogn-Proliferation of Nuclear Weapons
by all States. Some of those delegations called for the
prompt conclusion of safeguards agreements required
under the Treaty.

18. The delegation of Romania advocated a con-
crete programme in the field of nuclear disarmament
(see CCD/PV.550, 559 and 574).

Cuestion of a comprehensive test ban

19. Having in mind the recommendations of the
twenty-sixth session of the General Assembly, the
Committee continued its deliberations on the question
of a comprehensive test ban. Many delegations stressed
the great importance of the early achievment of a com-
prehensive prohibition of the testing of nuclear weapons.

20. The delegation of the Soviet Union stated that
the atm pursued by the USSR was to ensure the cessa-
tion of all nuclear weapon tests, everywhere and by
everyone (sece CCD/PV.545, 561 and 577).

21, The delegation of the United States reaffirmed
the policy commitment of the Usnited States to work
towards a cessation of muclear weapons testing pursu-
ant to an adequately verified treaty (see CCD/PV.545).

22. The United Kingdom representative said it was
his wish to make progress towards the conclusion of
the comprehensive test ban. With a real effort and
goodwill on all sides it should be passible to make that
further step which would be welcomed throughout the
world (see CCD/PV.559).

23. The delegation of India (see CCD/PV.552),
Japan (see CCD/PV.547 and 562), Canada (see
CCD/PV.562 and 571), Mexico (see CCD/PV.565),
and Morocco (see CCD/PV.574) expressed the view
that all nuclear weapon States should adhere to the
Treaty Banning Nuclear Weapon Tests in the Atmos-
phere, in Outer Space and under Water signed in 19632
The representative of Mexico expressed the view that
the achievement of that aim would be eagier if under-
ground nuclear weapons tests were discontinued (see
CCD/PV.565 and 580).

2 Ugited Nations, Treary Series, vol. 480, No, 6564.

24, The delegation of Yugoslavia expressed the
view that an early solution of the prohibition of all
nuclear tests could be successfully approached only in
the wider context of nuclear disarmament, respecting
the vital interests of all partners (see CCD/PV.548).

25. The representative of Sweden urged that action
be taken during the session on a comprehensive test
ban, and said that if this were done the renewed series
of SALT could lead to a definite halt of the nuclear
arms race {see CCD/PV.549 and 572).

26. The representative of India stated that a com-
prehensive ban had two aspects: (a) all nuclear
weapon tests in all environments should be prohibited
and () all puclear weapon States should be parties to
it. He also stated that negotiations should be under-
talken for a separate treaty to prohibit all nuclear
weapon tests in the underground environment and
attention should simultaneously be fixed on the need
to conclude an agreement on underground nuclear ex-
plosions for peaceful purposes (see CCD/PV.552).

27. The delegation of Brazil discussed the context
in which it was willing to collaborate with efforts to
achieve an equitable solution to the question of the
prohibition of underground nuclear weapon tests which
would complement the partial test ban Treaty, reit-
erating the position of its Government with regard to
the peaceful uses of nuclear energy, including nuclear
explosions for peaceful purposes (see CCD/PV.557).

28. The delegation of Pakistan reiterated the views
expressed in its working paper of 1971 (CCD/340)3
concerning the prohibitions in an underground test ban
that should apply to non-nuclear weapon and nuclear
weapon States and concerning nuclear explosions for
peaceful purposes (see CCD/PV.576).

29. Special attention was paid fo the problem of
the prohibition of underground nuclear weapon tests.

30. The delegation of Mexico urged the achieve-
ment of the cessation of underground nuclear weapon
tests at the earliest possible date, adding that, if such
agreement were not possible right away, perhaps a
moratorium could be agreed upon (see CCD/PV.545
and 580).

31. The delegations of Canada (see CCD/PV.546,
571 and 581), Japan (see CCD/PV.547 and 553)
and Italy (see CCD/PV.547), while stressing their
preference for an immediate comprehensive test ban,
expressed the desirability of considering interim meas-
ures or a step-by-step approach to the prohibition of
underground nuclear tests.

32. The delegation of Canada suggested that two
lines of approach might be followed: the imposition
of interim measures of restraint such as commitment
by the testing powers to reduce the size and pumber
of their nuclear weapons tests, or an agreed mora-
torium, and the tabling by the testing powers of texts
of their proposals for a comprehensive fest ban (see
CCD/PV.546).

33. The suggestion that meagures of restraint might
take the form of an agreed moratorium was supported
by the delegations of Morocco (see CCD/PV.555),
Japan (see CCD/PV.562), Sweden (see CCD/
PV.572) and Nigeria (see CCD/PV.533).

34. The representative of Japan proposed a thresh-
old ban in three phases and called on the United
States and the USSR to undertake immediately uni-

3 Official Records of the Disarmament Commission, Supple-
ment for 1871, document DC/234, annex C, sect. 22,



lateral or negotiated measures of restraint that would
limit or reduce the size and number of nuclear tests
substantially. He subsequently commented on several
technical aspects of his proposal and posed a number
of related questions (see CCD/PV.553 and 580).

35. The delegations of Poland (see CCD/PV.551),
India (see CCD/PV.552), Egypt (see CCID/PV.555),
Bulgaria (see CCD/PV.556), the Soviet Union (see
CCD/PV.577), the Netherlands (see CCD/PV.572)
and Morocco (see CCD/PV.574) stated that they
favoured a comprehensive test ban instead of partial
solutions.

36, The delegation of the Soviet Union expressed
the view that a partial prohibition of underground
nuclear weapon tests would not contribute to a solu-
tion of the problem as a whole or remove the dangers
inherent in the improvement of nuclear weapons (see
CCD/PV.557).

37. The representative of the United States stated
that his country was giving careful consideration to
the Canadian proposal concerning interim measures
(see CCD/PV.546) as well as the Japanese proposal
for a threshold ban (see CCD/PV.553), and referred
(see CCD/PV.560) to technical questions regarding
implementation of the latter.

38. Members of the Committee devoted detailed
attention to the question of verification of a prohibi-
tion on underground nuclear weapon tests. Interna-
tional co-operation in the exchange of seismic data,
the improvement of world-wide seismological capa-
bilities, and further study of detection and identifica~
tion of underground nuclear tests were also considered
by the Committee and several members made specific
contributions to those efforts during the sessions.

39. The delegation of the Soviet Union stated that
the prohibition of underground nuclear weapon tests
could and must be based on national means of detec-
tion and identification and that the Soviet Union was
prepared to conclude an agreement on that basis. The
delegation of the Soviet Union reiterated its willingness
to participate in an international co-operative effort
for the exchange of seismic data within the framework
of a treaty banming underground nuclear tests if cer-
tain requirements were méet (see CCD/PV.545, 557,
560, 561 and 577).

40. The delegation of the United States expressed
the view that further progress towards restraints on
testing was tied in closely with understanding and re-
solving the complex problem of verification, and stated
that more work needed to be done with regard to still
unresolved technical aspects (see CCD/PV.545).

41, The representative of Japan suggested that veri-
fication had become technically possible by solely seis-
mological means, unless 100 per cent effectiveness was
insisted upon {see CCD/PV.553).

42. The representative of Egypt stated that verifi-
cation could be safely accomplished by national means
complemented by an international exchange of seismic
data and suggested that a comprehensive test ban pro-
vide for some form of verificatien by challenge (see
CCD/PV.555).

43, 'The delegation of Bulgaria expressed the view
that there was no need for on-site inspection to identify
and locate nuclear explosions (see CCD/PV.556).

44. The delegation of Sweden stated that the main
instrument for remote control, seismological monitor-

ing had advanced so far that one could correctly iden-
tify a sufficiently large proportion of explosions so as
to obtain an effective deterrence against attempts at
clandestine testing (see CCD/PV.572}.

45. The delegation of Pakistan stated that seis-
mological means of detection, through national facili-
ties and international co-operation and combined with
verification by challenge, would constitute an effective
method of verifying a comprehensive test ban (see
CCD/PV.576).

46. The representative of the United Kingdom said
(CCD/PV.559) agreement on the prohibition of un-
derground testing would be effective only if parties
could be assured that the prohibition was being ob-
served. As a contribution to the further study needed
on verification, he submitted a working paper on esti-
mating yields of underground nuclear explosions from
amplitudes of seismic signals ( CCR/363/Rev.1).

47. The delegation of Canada expressed a desire
to co-operate more closely with Japanese and otber ex-
perts in seismological monitoring techniques (see CCD/
PV.560).

48. The representative of Japan expressed the hope
that the Committee would organize a series of meet-
ings of experts to solve questions relating to the estab-
lishment of an international seismic network (see CCD/
PV.562).

49, The representative of Yugosiavia (see CCDh/
PV.572), speaking in favour of an early cessation of
all underground nuclear weapon tests, suggested that
the Committee should take as a basic framework for
discussion and negotiation the “Working paper sug-
gesting possible provisions of a treaty banning under-
ground nuclear weapon tests” submitted by Sweden
and issued as document CCD/348.*

50. On 20 July 1972, the representatives of Can-
ada, Japan and Sweden submitted a working paper on
measures to improve tripartite co-operation by these
coundries in the detection, location and identification
of uaderground nuclear explosions by seismological
means (CCD/376).

51. On 25 July 1972, the representative of Canada
submitted a working paper containing a_ bibliography
of papers relevant to seismological verification prob-
lems (CCD/378). )

52. On 27 July 1972, the representative of Sweden
submitted as a Conference document a list of publica-
tions bearing on seismological discrimination of nuclear
explosions and earthquakes (CCD/379).

53, On 27 July 1972, the representatives of Canada
and Sweden submitted a working paper on international
co-operation in short-period seismological discrimina-
tion of shallow earthquakes and underground nuclear
explosions {CCD/380).

54 Onp 22 August 1972, the representative of the
United Kingdom submitted a working paper (CCD/
386) describing new data processing equipment for
use by individual seismic stations in mounitoring under-
ground nuclear explosions. Such seismic array station
processors could put States participating in the network
proposed by the United Kingdom in 1970 in a better
position to assess seismographic evidence for them-
selves and could result in appreciable reductions in
cost (see CCD/PV.579).

55. The representative of the United States reit-
erated that his Government supported the achievement

4 1hid ., sect. 30.



of a comprehensive test ban treaty which was ade-
quately verified. He explained why his Government
believed that on-site inspections were necessary for
adequate verification. He submitted and discussed a
working paper (CCD/388) which reviews the progress
made towards attaining research objectives outlined
last year, describes the current status of the use of
large seismic arrays for seismic identification and dis-
cusses United States plans regarding future research
directed towards resolving important remaining prob-
lems {see CCD/PV.580 and 584).

Other measures

56, The subject of nuclear-weapon-free zones was
also discussed.

57. Onr 14 March 1972, the representative of Mex-
ico submitted a working paper listing Conference doc-
uments and statements by the Mexican delepation re-
lating to the Treaty for the Prohibition of Nuclear
Weapons in Latin America (Treaty of Tlateloleo)®
(CCD/359). The representative recalled the appro-
priate General Assembly resolutions urging the nuclear
weapon States that had not yet done so to sign and
ratify Additional Protocol II of the Treaty. He dis-
cussed various points in connexion with that question
and restated the interpretation of his Government of
article 18 of the Treaty, which in his view, was shared
by other States parties to the Treaty (see CCD/PV.551
and 553). Subsequently, the same representative speci-
fied which were the parties to the Treaty (see CCD/
PV.554).

58. The representative of the Soviet Union ex-
pressed support for the creation of puclear-weapon-
free zones in different parts of the world and responded
positively to Romania’s proposal (see CCD/PV.550)
to make the Balkans a nuclear-weapon-free zone. He
commented on provisions of the Treaty for the Pro-
hibition of Nuclear Weapons in Latin America (see
CCD/PV.553 and 577).

59. The representatives of Argentina and Brazil
reaffirmed the interpretation of their Governments of
article 18 of the Treaty for the Prohibition of Nuclear
Weapons in Latin America (sce CCD/PV.554).

60. The delegation of Romania stated it attached
particular importance to the establishment of nuclear-
weapon-free zones and referred to its proposal to make
the Balkan States a nuclear-weapon-free zone (see
CCD/PV.559 and 574).

61. The delegations of Romania (see CCD/
PV.550, 559 and 574), the Soviet Union (see OCD/
PV.545 and 557) and Poland (see CCD/PV.551) ex-
pressed views on the importance of achieving agree-
ment on the prohibition of the use of nuclear weapons.

* *® * ¥

62. The delegation of Romania requested that the
question of secutity guarantees for non-nuclear weapon
States be examined and solved in an appropriate man-
per in disarmament negotiations (see CCD/PV.550,
559 and 574).

* * + L

63. The representative of Japan expressed the view
that the Committee should promptly consider measures
aimed at achieving the diversion of weapons-grade

5 United Nations, Treary Series, vol. 634, No. 9068,

enriched uranium to peaceful purposes (see CCD/
PV.547).

ok o® %

64. The representatives of Romania (see CCD/
PV.550 and 574) and the Soviet Usnion (see CCD/
PV.577) cailed for the elimination of foreign military
bases, particularly nuclear bases, and the ban on the
creation of new such bases.

B. Non-nuclear measures

Question of chemical and bacteriological (biclogical)
weapons

65. Having in mind the recommendations of Gen-
eral Assembly resolution 2827 (XXVI), the Confer-
ence continued its efforts to achieve progress on all
aspects of the problem of the elimination of chemical
weapons, Members of the Committee emphasized the
importance and urgency which they attach to the pro-
hibition of chemical weapons.

66. Possible steps for progress in this field were
discussed in detail by members of the Committee in
thelr statements in plenary.

67. On 21 March 1972, the delegation of the
United States tabled a comprehensive work programime
(CCD/360) which set forth detailed considerations
concerning major categories of chemical agents and
precursors as well as possible ways of defining those
substances, The work programme also dealt with the
questions of scope and verification and called attention
to the relationship between these key elements of any
convention prohibiting chemical weapons. Various
means of verifying the observance of a convention as
well as international consultative arrangements to
review its implementation were discussed in the work
programme. The delegation of the United States ex-
pressed the hope that its work programme would
contribute to the essential work of exchanging ideas
and studying intensively all the issues relating to pos-
sible prohibitions of chemical weapons (see CCD/
PV.551).

68. On 28 March 1972, the delegations of Bulgaria,
Czechoslovakia, Hungary, Mongolia, Poland, Romania
and the USSR tabled a draft convention on the pro-
hibition of the development, production and stockpil-
ing of chemical weapons and on their destruction,
which proposed a comprehensive approach to the prob-
lem (CCD/361). These representatives stated that
the draft convention provided for both national forms
of control and international procedures, including the
application to the Security Council and the conduct
by it of investigations. They also stated that the draft
contained provisions with regard to assistance to a
State which might be exposed to a danger as a result
of violation of the convention.

69. On behalf of the sponsors of the draft conven-
tion, the Soviet delegation expressed the hope that the
draft would serve as a basis for a fruitful discussion,
and proposed to begin concrete negotiations with a view
to achieving an agreement on the comprehensive pro-
hibition of chemical weapons (see CCD/PV.553, 557,
567 and 583).

70. Many delegations commented on this draft in
their plenary statements.

71. The delegations of Morocco (see CCD/PV.555,
and 581), Yugoslavia (see CCD/PV.569) and Egypt
(see CCD/PV 572) expressed the view that the draft sub-



mitted by the sccialist countries deserved careful con-
sideration and made specific comments on that draft.
The delegations of Sweden and Pakistan suggested
amendments and additions to the draft convention of
the socialist countzies (see CCD/PV.569 and 571).

72. Several delegations expressed views with respect
to the nature and scope of measures prohibiting chem-
ical weapons.

73, The representative of Mexico underlined the
importance of the close connexion expressly recognized
by the General Assembly, between the Convention on
the Prohibition of the Development, Production and
Stockpiling of Bacteriological (Biological) and Toxin
Weapons and on Their Destruction® and negotiations
regarding 2 chemical weapons agreement (see CCD/
PV.545).

74. The delegations of Bulgaria, Czechoslovakia,
Hungary, Mongolia, Poland, Romania and the USSR
advocated a complete prohibition on the production,
development and stockpiling of chemical weapons as
weapons of mass destruction as set forth in their draft
convention.

75. The representative of Poland, speaking in favour
of a comprehensive prohibition, expressed the view that
developing countries might not be concerned solely with
prohibitions regarding highly _toxic chemical agents,
having in mind that the effectiveness of chemical
weapons could depend to a great extent on the train-
ing and equipment facilities in the field of defence. He
also stated that the extent of such facilities could have
relevance to the question of the scope of the prohibi-
tion (see CCD/PV.551).

76. The representative of Yugoslavia expressed
the view that the danger of chemical weapons did not
solely depend on the degree of toxicity and other char-
acteristics of particular chemical warfare agents, but
also on the manner and conditions of their application,
as well as on the degree of technical and medical pro-
tection of the couniry against which those chemical
weapons might be used (see CCD/PV.569).

77. The delegations of Mexico (see CCDh/PV.545),
the Netherlands (see CCD/PV.552 and 572), Egypt
(see CCD/PV.555 and 572), Sweden and Yugoslavia
(see CCD/PV.569), Pakistan (see CCD/PV.571),
Argentina and Canada (see CCD/PV.576) and Mo-
rocco (see CCD/PV.581) also spoke in favour of the
comprehensive approach.

78. The representative of Italy, also examining the
problem on the basis of a comprehensive approach,
stressed the meed of internationally adopted uniform
criteria to be -incorporated by all copfracting States
in their legislative provisions. In that comnexion, he
suggested that if the scope of prohibitions were defined
in general terms, it would be necessary for the treaty
to provide for the establishment of an international
committee of experts to determine acceptable technical
criteria for the identification of the agents to be banned
and keep such criteria up to date. He also suggested
that the Conference of the Committee on Disarmament
should convene, during the current phase of negotia-
tions, a temporary panel of experts for the elaboration
of an annex to the treaty containing a first identifica-
tion of the chemical agents to be banned (see CCD/
PV.570).

79. The delegation of Nigeria expressed the view
that one of the Committee’s major problems concerned

"o General Assembly resolution 2826 (XXI), annex.

the scope of a chemical weapons ban and how to
classify and identify the chemical agents to be banned
(see CCD/PV.553).

80. The delegation of Brazil favoured the achieve-
ment as soon as possible of a comprehensive prohibi-
tion, but indicated its readiness to consider less ambi-
tious alternatives if those seemed to be the only possible
first steps. The delegation suggested that a compre-
hensive prohibition, in order to be equitable to all
participants, could be implemented in two stages, facili-
tating the solution of problems of verification and con~
trol: the first stage would be the elimination of existing
stockpiles, verified by direct international methods,
with the cessation of production; and the second—in
which indirect methods of verification might become
politically acceptable-——would be the prohibition of
development and production. It also expressed the view
that a chemical weapons agreement should not create
any obstacles for the development, production and
utilization of chemical agents for non-military purposes
and that it should include provisions for the channelling
to developing countries of a substantial portion of the
derived savings (see CCD/PV.557 and 579).

81. The representative of the United Kingdom ex-
pressed the view that chemical agents covered by a
ban should be carefully defined. He stated that the de-
sired goal of his delegation was a comprehensive ban.
He expressed the view that, as a method of proceed-
ing, there could be advantage in isolating the easier
problems and completing work on them first. He there-
fore wondered, having in mind the question of adequate
verification, whether it would be possible to achieve
the comprehensive objective in two stages: one, the
elimination of stockpiles (with a freeze on production)
and, the other, elimination of productive capacity. The
question, he stated, was which stage should come first
(see CCD PV.557 and 575).

82. The representative of the United States stated
that his Government had not decided upon any pre-
ferred solution to the problem of chemical weapons
control and suggested that the Committee consider care-
fully the charactegistics of the substances and activities
that might be prohibited (see CCD/PV.560 and 584).

83. The representative of Japan expressed the view
that the Committee should examine carefully whether
or not it was technically possible for any chemical
agents available for weapons purposes to be prohibited
outright without any hindrance to the peaceful uses of
those agents {see CCD/PV.562).

84. The representative of the United States ex-
pressed the view that the question of definitions was
central to an effective prohibition on chemical weapons.
He submitted and discussed a United States working
paper (CCD/365) which outlined how various criteria
might apply to the principal kaown single-purpose and
dual-purpose lethal agents and which highlighted the
advantages and disadvantages of a number of possible
criteria. He also expressed the view that comprehensive
destruction of chemical agents and weapons would en-
tail enviropmenta! and safety considerations for all
imvolved and submitted a working paper (CCD/367)
on the problem (see CCD/PV.561 and 584),

85. The delegations of Bulgaria, Czechoslovakia,
Hungary, Mongolia, Poland, Romania and the USSR
proposed the “purpose criterion”, set forth in the draft
convention (CCD/361), as an approach to the solu-
tion of the problem of the scope of prohibition. The
Soviet delegation expressed the view that the “purpose



criterion” provided the most comprehensive scope of
prohibition and covered all those types of chemical
weapons which could fall outside the scope of prohibi-
tion if less general approaches were adopted. The dele-
gation of Hungary expressed the hope that there could
be a general apreement to define the substances prohib-
ited in a chemical weapons ban in terms of the “pur-
pose criterion”, possibly supplemented, outside the text
of the convention, by technical guidelines (see CCD/
PV.567 and 577).

86. The delegation of Sweden stated that it favoured
the use of the “purpose criterion” for the definition of
the scope of the prohibition. Jt proposed to elaborate
agreed interpretations in connexion with the definition
of the scope of the prohibition which could be included
in an annex (see CCD/PV.569).

87. 'The delegation of Pakistan commented on the
issue of a “purpose criterion” (see CCD/PV.571).

88. The delegation of the Netherlands expressed
the view that the definition of highly toxic chemical
agents could be based cn a “purpose criterion” in con-
pexion with some technical guidelines, but expressed
doubts about the use of this criteriop with regard to
dual-purpose agents (see CCD/PV.572).

89. The delegation of Egypt, in commenting on the
purpose criterion, expressed the view, inter alia, that
such criterion when formulated “exclusively” by de-
scribing the prohibited chemical agents as those which
had no justification for peaceful purposes, reduced the
risks of subjectivity in the definition, since the task of
justification would rest mainly on objective technical
and scientific grounds (ibid.).

90, The delegation of the United Kingdom ex-
pressed the view that while a general purpose criterion
definition for the supertoxic agents would be neces-
sary at some point it was not by itself sufficient and
should be supplemented by technical definitions (see
CCD/PV.575}.

91. The representative of Argentina expressed the
view that the security problems related to chemical
weapons were more complex and covered more States
than those connected with other weapons systems. He
stated that his Government favoured wide prohibition
of chemical weapons and stressed that the Committee
must first solve the problems of the scope and verifi-
cation of such a measure (see CCD/PV.576). He also
commented on various proposals and documents relat-
ing to the scope and verification of a chemical weap-
ons ban and suggested other provisions that might be
inchided in such a ban (see CCD/PV.578).

92. The delegation of the Netherlands commented
on the need for verification of the destruction of mili-
tary stockpiles of chemical agents or of their diversion
to peaceful uses. It also discussed the guestion of the
monitoring of economic activity in connexion with
verification and expressed the view that the possibility
of inspections on or near the spot should be included
in the framework of a complaints procedure (see
CCD/PV.552, 560 and 572).

93. The delegation of Nigeria expressed the view
that verifiication was onme of the major problems with
which the Committee must grapple in pursuing a chem-
ical weapons ban (see CCD/PV.553).

94. The representative of Hungary expressed views

(see CCD/PV.554) in support of the verification
system stipulated in the draft convention on chemical
weapons (CCD/361).

95. The delegation of Sweden, discussing possible
national and international measures of verification,
stated that an acceptable level of security must be
ensured. The delegation expressed the view that the
complaint formula of the bacteriological weapons con-
vention, was not a suitable precedent for a chemical
weapons ban, since objective verification procedures
should be available already before a matter was ref-
erred to the Security Council (see CDD/PV.549, 556
and 569).

96. The delegation of Japan expressed the view that
the question of verification with regard to a ban on
chemical weapons wag far more important than in the
case of biological weapons and discussed the utility
of international measures of verification (see CCD/
PV.559).

97. The representative of the United States stated
that his Government welcomed further discussion on
verification elements and that it had not decided at this
stage which combination of elements might be neces-
sary for an adequate verification system (see CCD/
PV.560}.

98. The representative of the United States dis-
cussed (see CCD/PV.561) a United States working
paper on the difficulty of distinguishing storage of
highly toxic chemical agents and weapons from the
storage of other munitions and chemicals (CCD/366).

99. The representative of Poland stated that the
most appropriate solution of the problem of guarantees
of the observance of the convention prohibiting chem-
ical weapons consisted of national means of verifica-
ton,

100. He stated that he favoured a gemeral formula
concerning the scope of the prohibition on chemical
weapons, expressing the view that such a formula
would be consistent with the provisions of the Protocol
for the Prohibition of the Use in War of Asphyxiating,
Poisonous or other Gases, and of Bacteriological
Methods of Warfare,” signed at Geneva in 1925. He
also expressed the view that detailed technical defi-
nitions might be of particular importance when partial
solutions were sought (see CCD/PV.565), The repre-
sentative of Mongolia expressed similar views on this
problem {see CCD/PV.571}).

101. The delegation of Czechoslovakia expressed
views on the complexity and difficulty of international
on-site inspection (see CCD/PV.567).

102. The representative of the Soviet Union stated
that the interrelationship between military and peaceful
production of chemical agents made -a system of in-
ternational controls practically impossible and that
there should be a reasonable combination of national
and international forms of control as set forth in the
draft conmvention of the socialist countries (CCD/
361). He put forward some specific considerations
with regard to practical implementation of national
forms of control (see CCD/PV.567 and 583). Interest
in these considerations was expressed by the delega-
tions of Sweden (see CCD/PV.569), the Netherlands
and Bulgaria (see CCD/PV.572).

103. The representative of Yugoslavia stated that
any system of control must be based on a considerable
depree of mutual confidence, on an appropriate com-
bination of national and international measures of con-
trol, and in particular on self-control of States and
wide international co-operation (see CCD/PV.569).
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104. The representative of Italy commented on his
working papers CCD/335 of 8 July 19718 and CCD/
373 of 21 July 1972. Pointing out that controls were
also intended to ensure the effective and complete
destruction of stocks, as an essential part of the treaty,
he expressed the view that specific forms of interna-
Hional direct controls should receive careful attention
for inclusion in a treaty (see CCD/PV.570).

105. The representative of Egypt stated that veri-
fication by international means should be made more
readily available to the developing countries and that
the Committee should address itself to the question of
security guarantees and sanctions against violations of
a chemical weapons ban (see CCD/PV.572).

106. The representative of the United Kingdom
stated that there should be a strict proportion between
the scope of the prohibitions in an agreement and the
means of verification. He expressed the view that one
should either accept the need for international on-site
inspection with all the practical and political problems
involved or decide what measures might be agreed
without the assurances such inspection could provide
(see CCD/PV.557 and 575).

107. Several delegations also discussed the role of
an international body of experts in relation to the
question of verification. A, number of delegations ex-
pressed a preference for dividing the process of veri-
fication into two distinct phases, separating fact-finding
from political decisions.

108. Working papers on the following questions
were submitted to the Committee: definitions of con-
trolled substances (United States, CCD/365); storage
of chemical agents and weapons (United States, CCD/
366); the destruction of chemical weapons (United
States, CCD/367); statistics relating to production and
trade of certain chemical substances in the United
States (United States, CCD/368); United States
domestic legislation regarding chemical substances
(United States, CCD/ 369); remote detection of chem-
jcal weapon field tests (United Kingdom, CCPh/371);
two groups of chemical agents of warfare (Sweden,
CCD/372); identification and classification of chemical
agents and some aspects of the problem of verification
(Italy, CCD/373); the question of a criterion to be
used to characterize supertoxic chemical agents (Tapan,
CCD/374); some aspects of the definition, classifica-
tion and prohibition of chemical agents (Yugoslavia,
CCD/375); elements of a system for the control of
the complete prohibition of chemical weapons (Yugo-
slavia, CCD/377); definitions of chemical warfare
agents and technical possibilities for verification and
control of chemical weapons (Finland, CCD/381); the
possibility of delimitating nerve gases within the field
of organophosphorus compounds {Netherlands, CCD/
383); domestic legislation in Sweden reparding chem-
ica] substances (Sweden, CCD/384); toxicity of chem-
ical substances, methods of estimation and applications
to a chemical control agreement (Canada, CCD/387).

109. At the request of Italy and Sweden, informal
meetings, in which technical experts from nine Member
States participated, were held on 5 and 6 July 1972,

110. A fruitful discussion took place conecerning
various aspects of the question of defining the chemical
agents to be covered by future chemical prohibitions,
The discussion left the Committee in a better position

8 Official Records of the Disarmament Commission, Supple-
ment for 1571, document DC/234, annex C, sect. 17.

to determine the usefulness of various criteria, including
definitions based on general purpose, toxicity levels,
chemical structural formulae and lists of substances.

111. The informal meetings also helped the Com-
mittee to acquire further background on various tech-
nical verification methods which might be applied to
various categories of chemical agents. There was also
a useful discussion of the utility of national and inter-
national methods of verification as well as of the
adequacy of national methods for couniries having
different capabilities in this regard. The possible use in
a verification system of trade data, declarations of
activities and facilities and of other data exchanges
was also considered. There was also discussion of the
environmental and other aspects of the destruction of
chemical agents and of practical questions regarding
peaceful applications of certain agents.

112. The members of the Committee found the in-
formal meetings of great value in promoting their work
on the question of prohibitions regarding chemical
weapons and shared the view that these technical ex-
changes would contribute to the implementation and
effectiveness of any convention on controlling chemical
weapons.
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113. The representative of the United States urged
the Committee to begin the serious examination of the
possibility of arms control measures related to con-
ventional weapons (see CCD/PV.545 and 584).

114, The delegation of the Netherlands expressed its
willingness to participate in the common search for
practical measures in the field of conventiopal arms
control (see CCD/PV.552).

115. The representative of Romania expressed sup-
port, also, for the examimation of the problems of
conventional disarmament, as part of the efforts to-
wards general disarmament (see CCD/PV.550 and
574).

C. Other collateral measures

116. The delegations of the Soviet Union (see
CCD/PV.545), Poland (see CCD/PV.552) and
Czechoslovakia (see CCD/PV.567) called for further
measures to achieve demilitarization of the sea-bed.

117. The delegations of Romania (see CCD/
PV.550 and 574), Poland (see CCD/PV.551), Hun-
gary (see CCD/PV.554), the Soviet Union and Cze-
choslovakia (see CCD/PV.561) expressed support for
the convening of a conference on the guestion of Fu-
ropean security and co-operation,
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118. The representative of Japan stated that Japan
was prepared to extend positive co-operation in efforts
towards regional disarmament (see CCD/PV.54T).

119. The delegation of Romania advocated, also,
the adoption of measures aimed at military disengage-
ment and regional disarmament in Europe (see CCD/
PV.550 and 574).

D. Question of general and complete disarmament

120. Taking into account General Assembly reso-
Jution 2825 B (XXVI), the Committee continued its
discussion regarding the question of general and com-
plete disarmament.



121. The representative of the United Kingdom
considered that the Committee, while recognizing the
goal of general and complete disarmament, should con-
tinze to seek realistic ways to increase security for all
nations and to save scarce resources (see CCD/
PV.546).

122. The representative of Italy, in reaffirming the
interest of his delegation in the formulation of a com-
prehensive programme, suggested the establishment of
a working group to identify the points of agreement
and disagreement revealed by the various documents
submitted on general and complete disarmament be-
tween 1962 and the Committee’s last session, with a
view to the formulation in an agreed text of some basic
principles likely to promote a discussion on the subject
among all members of the international community
(see CCD/PV.547).

123. The delegation of Romania reiterated its sup-
port for the objective of general disarmameat and
suggested the beginning of concrete negotiations for a
draft trea)ty on general disarmament (see CCD/PV 550
and 574).

124. The representative of Poland cited various
measures related to general and complete disarmament
which he suggested the Committee consider (see CCD/
PV.551).

125. 7The representative of the Netherlands expressed
views on the ultimate goal of general and complete
disarmament (see CCD/PV.552).

126. The representative of Mexico stated that the
application of savings from disarmament to the raising
of the living standards of the “third world” had be-
come an appropriate topic for consideration by the
United Nations (see CCD/PV.565).

127. The delegation of Czechoslovakia expressed
the view that it was urgent to achieve progress in gen-
eral apd complete disarmament (see CCD/PV.567).

128. The delegation of the USSR reiterated its view
that general and complete disarmament was the main
final goal of all efforts in the field of disarmament
(see CCD/PV.578).
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Question of a world disarmament conference

129. The Committee also devoted attention to the
question of a world disarmament conference.

130. The representative of the Soviet Union ex-
pressed the view that conditions were pow tipe for
holding a world disarmament conference, open 1o all
States, which could play an important role in unifying
and stepping up the efforts of all States to bring about
a successful solution of disarmament problems. He set
forth specific considerations concerning the main aims
of such a conference, its agenda, duration and place,
preparations and relationship to the United Nations.

131. He stressed that the holding of a world dis-
armament conference must not reduce in any way the
importance of the other disarmament negotiations, in-
cluding those within the Committee (see CCD/PV.543,
560, 561 and 578).

132. The representative of Mexico expressed the
view that one of the most important resolutions
adopted by the General Assembly at its last session
was resolution 2833 (XXVI) which, he stated, was
intended to pave the way for a world disarmament

conference, and he recalled the main provisions of that
resolution (see CCD/PV.545).

133. The representative of Czechoslovakia expressed
the view that a world disarmament conference should
be open to all States and that all nuclear Powers should
participate in its preparation (see CCD/PV.567).

134, The delegation of Romania reiterated its
advocacy of the convening of a world disarmament
conference and stated that the conference should cover
all aspects with priority attention to puclear disarma-
ment (see CCD/PV.550 and 374).

135, The representative of the Netherlands ex-
pressed the view that a world disarmament conference
would not be able to take the place of a limited nego-
tiating forum (see CCD/PV.552}.

136. The representative of Mongolia expressed
support for the convening of a world disarmament con-
ference and stated that that did not prejudice the role
of the Committee (see CCD/PV.552 and 571).

137. The delegation of Nigeria expressed agree-
ment in principle with the idea of a world disarmament
conference and stated it should not become a forum to
replace the Committee (see CCD/PV.533).

138. The representative of Hungary suggested that
the Committee could play a positive role in preparation
for a world disarmament conference and that all States
should participate in such a conference (see CCD/
PV.554).

139, The delegation of Egypt reaffirmed its support
of General Assembly resolution 2833 (XXVI) calling
for a world disarmament conference (see CCD/
PV.555).

140. The representative of Bulgaria expressed the
view that a world disarmament conference would con-
cert the efforts of all countries in the spirit of General
Assembly resolution 2833 (3CXVI). He also expressed
the view that conditions were ripe for convening such
a conference within one or two years and commented
on its preparations, participants and agenda (see CCD/
PV.556 and 580).

141. The representative of the United States ex-
pressed scepticism about the value of a world disarma-
ment conference at that time and raised questions con-
cerning its need and likely results (see CCD/PV.560).

142, The representative of Japan stressed that the
participation of all nuclear weapon States was an in-
dispensable condition for the convening of a world
disarmament conference and that such a conference
should mot prejudice the activities of the Committee
{(see CCD/PV.562). "

143, The delegation of Canada stated that it locked
to the permanent members of the Security Council to
reach a consensus on an approach to a world disarma-
ment conference (see CCD/PV.571).

144, The representative of Yugoslavia expressed
the view that a world disarmament conference was
indispensable and stated that the conference should
establish a programme of action leading to the ultimate
goal of general and complete disarmament {see CCD/
PV.572).

145. On 27 July 1972, the representative of Mexico
submitted as a working paper a memorandum con-
taining his Government's views on the convening of a
world disarmament conference (CCD/382).

146. The representative of Poland stated that a
world disarmament conference should be held in 1974



to consider all aspects of disarmament and that such
a conference would not undermine the role of the
Committee, He expressed the view that the time was
now ripe for & world disarmament conference to ana-
lyse past disarmament achievements and provide
stimulus for the future. The conference should be
attended by all nuclear weapon States and other mili-
tarily significant countries. A preparatory committee of
30 to 40 countres, including all nuclear weapon
States and based on a proper geographic representa-
tion, could be set up (see CCD/PV.575).

147. The representative of Sweden stated that her
Government favoured the convening of a world dis-
armament conference provided that the principle of
universality was applied for the invitations, that the
attendance of the permenent members of the Security
Council was assured and that the conference was well
prepared for (see CCD/PV.576).

148. The representative of Mexico expressed the
view (see CCD/PV.580) that the main objective of
the world disarmament conference should be to de-
velop the possibility of effective action by the United
Nations in the sphere of disarmament by supplementing
existing international machinery through the addition
of an organ open to all States, which would meet for
two to three months every third or fourth year and
would play in this sphere a role similar to that of the
Upited Nations Conference on Trade and Develop-
ment in economic and social questions. He suggested
that the “comprehensive programme of disarmament”
presented to the Committee in 1970 by Mexico, Sweden
and Yugoslavia® could serve as the basis for the pro-
visional agenda for the world disarmament conference.

149. The representative of Morocco stated that his
Government would be in favour of the convening of a
world disarmament conference for which adequate
preparations had been made. He expressed views on
the objectives, agenda, timing, location and duration
of such a conference (see CCD/PV.581).

Question of the Conmmittee’s organization and
procedures

150. During both of its sessions in 1972, members
of the Committee discussed the question of its organi-
zation and procedures.

151. Many members of the Committee referred in
their statements in plenary to the question of the Com-
mittee’s organization and procedures.

152. The representative of Mexico stated that it
was now timely to begin considering changes that would
have to be made in the Committee. He suggested that
the Committee express its readiness to increase its
membership at the earliest possible moment in a man-~
ner satisfactory to all. He stated that the Committee
should study what changes should be made in its pro-
cedures in order to give a better chance of enlisting
the participation of all puclear weapon States. The
representative of Mexico also expressed the view that
the Committee’s co-chairmanship should be replaced
with a system providing for an annually elected chair-
man or for the moathly rotation of the chairmanship
(see CCD/PPV 545, 575 and 580).

153. The representative of the United States stated
that his Government would welcome the participation
of all nuclear weapon States in arms control and dis-

8 Ibid,, Supplement for 1970, decument DC/233, angex C,
sect., 42.
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armament efforts in a manner satisfactory to all those
States and reflecting the interests and concerns as well
of the non-nuclear weapon States. He also stated that
the United States attached importance to the main-
tenance of an effective, expert and experienced body
of reasonably limited size for the purpose of multi-
lateral arms control and disarmament negotiations
(see CCD/PV.545).

154, The representative of the United Kingdom
hoped that in the course of time all nuclear weapon
States would consider it in their interest as well as the
Committee’s to join in disarmament negotiations. The
Committee should continue substantially as then con-
stituted until agreed changes would bring about the
expansion desired (see CCD/PV.546).

155. The delegation of Italy expressed views set
forth in working paper CCD/389 on the reorganization
of negotiating structures,

156. The delegation of Yugoslavia stated that the
Committee should examine without delay certain pro-
cedural, administrative and organizational questions
concerning the work of the Committee to make it
better able to satisfy existing requirements. He ex-
pressed the view that the Committee should address
itself to the questions of establishing a precise agenda,
creating working groups, facilitating contributions by
non-member States, discontinuing the co-chairmanship
system and appointing a rapporteur (see CCD/
PV.548).

157. The representative of Bulgaria expressed the
hope that any changes in the Committee would reaffirm
its responsibility for disarmament negotiations, broaden
its outlook and increase its productivity (see CCD/
PV.549).

158. The representative of Czechoslovakia stated
that his Government favoured the participation of all
nuclear weapon States in the Committee but was
opposed to any hurried or unstudied action concerning
the Committec’s organization which might jeopardize
the positive aspects of the Committee (see CCD/
PV.550).

159. The representative of Romania called for the
improvement of the organization and procedures of the
Committee with a view to ensuring the effectiveness of
the negotiations on disarmament, the democratization
of the Committee’s activity and its submission to
effective public control. He put forward a number of
suggestions to that effect and stated that appropriate
conditions should be created to enable all interested
States to take part in disarmament negotiations (ibid.).

160. The representative of Poland expressed the
view that the Committee had proved to be an appro-
priate and effective negotiating body and that its com-
position reflected in principle various political trends
in a balanced manner. He stressed, however, the desir-
ability of the participation of all nuclear weapon
States in the work of the Committee and in disarma-
ment efforts in general (see CCD/PV.551).

161. The delegation of India expressed the view
that the cause of disarmament would receive a set-
back if the work of the Conference of the Committee
on Disarmament were disrupted. It said that it would
be difficult, if not impossible, to hold meaningful dis-
armament discussions if a proven forum were to be
destroyed or changes made in it on the bagis of pre-
conceived expectations and wishful anticipation (see
CCD}/PV.552).



162. The representative of the Netherlands ex-
pressed the hope that in the course of time all nuclear
weapon States would join in disarmament negotiations.
He further stated that the Netherlands would be pre-
pared to consider changes in the structure of the Com-
mittee if that might contribute to an improvement in
the credibility and acceptability of the Committee (ibid.).

163. The representative of Mongolia stated that the
Committee needed more time to find the best possible
solution to organizational problems, and expressed the
view that all militarily important States should take
an active part in disarmament efforts (ibid.).

164, The representative of Nigeria stated that any
enlargement of the Commiitee should be limited and
that consideration should be given to the participation
of all puclear weapon States and other major military
States. He suggested several procedural changes in-
cluding the establishment of a definite calendar for the
Committee’s work (see CCD/PV.553).

165. The delegation of Hungary stated that the
Committee’s existing structure had never prevented it
from carrying out constructive negotiations and reach-
ing mutually acceptable agreements (see CCD/PV.554).

166. The representative of Morocco expressed the
view that the mon-participation of additional nuclear
weapon States was not due to the structure of the
Committee and that nothing should be done to force
the issue of their participation (see CCD/PV.555 and
581).

167. The delegation of Brazil stated that changes
of a methodological or procedural nature were less
important than the achicvement of effective measures
of nuclear disarmament. Such an achievement would
contribute to attracting all nuclear weapon States to
disarmament negotiations. Dealing with the question
of the reorganization of the Committee as an aim in
itself, the delegation of Brazil expressed the view that
the practice of the co-chairmanship should be discon-
tinued and replaced by a procedure such as the elec-
tion of an annual chairman who, among other duties,
would be responsible for the preparation of the draft
of the annual report (see CCD/PV.557).

168. The representative of the Soviet Union stated
that the question of the Committee’s procedures and
organization should be approached with care and ex-
pressed his Government’s view that all States possessing
substantial armed forces, particularly those having
nuclear weapons, should participate in disarmament
negotiations (see CCD/PV.560).

169. The representative of Canada stated that his
Government had long urged the participation of ail
the principal Powers in disarmament efforts and sug-
gested ways of achieving this goal. He expressed the
view that the Committee possessed the characteristics
necessary to function as an effective multilateral body
for disarmament negotiations. He also suggested that
the permanent members of the United Nations Security
Council should consult on ways to halt the arms race
(see CCD/PV.571 and 581).

170. The representative of M_exico reaﬁrn}ed his
Government’s views on the question of increasing the
Committee’s membership so as to include all the nuclear
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weapon States and on the question of changing the
system of having co-chairmen. He also reiterated his
view that such changes were necessary if the Con-
ference of the Committee on Disarmament were to
play a role in preparatory work for a world disarma-
ment conference as his Government had proposed. He
expressed the view that the Committee, in preparing
its annual report, should follow a procedure analogous
to that followed by the Sixth Committee of the General
Assembly, which enables the Secretariat to provide
that Commmittee with valuable assistance, and that the
Committee should adopt an annual calendar of meet-
ings which would remain flexible but ensure a modicum
of stability in the timing of the beginning and end
of its sessions, such as by fixing the second or third
Tuesday in Febrmary for the opening of the annual
segsion and the last Thursday in August for its closing
(see CCD/PV.575, 580 and 582).

171. The representative of Mexico also expressed
the view that the negotiating body on disarmament
should continue to work within the framework of the
United Nations General Assembly, and independently
of the Security Council, to avoid restricting the nego-
tiating body's scope of action (see CCD/PV.580).
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172. On 8 August 1972, the representative of
Mexico submitted a working paper (CCD/383) con-
taining a subject index of opinions expressed on this
question during the Committee’s 1972 session (545th
to 574th meetings) and on 28 August 1972 he also
submitted a working paper (CCD/390) containing a
list of statements made on this gquestion at the Com-
mittee’s plenary meetings from 29 February 1972 to
24 August 1972 (545th to 580th meetings).

173. At the request of the representative of Mexico, *
informal meetings were held on 16 and 17 Angust
1972 in order to discuss this question and a full and
useful exchange of views took place. Views on pos-
sible changes in the Committee’s organization and
procedures were discussed. As a result of the exchange
of views at the informal meetings, it became apparent
that the participation of all of the nuclear weapon
States in multilateral disarmament negotiations would
be welcomed. The view was expressed that appro-
priate measures should be worked out, when advisable,
to facilitate such participation. Some members of the
Committee expressed the intention of holding informal
consultations on that question with the States con-
cerned.
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174. The Committee agreed to reconvene on a day
to be established by the Co-Chairmen in consultation
with all members of the Committee.

175. This report is transmitted by the Co-Chair-
men on behalf of the Conference of the Committee on
Disarmament.

(Signed) A. A. ROSHCHIN
Union of Soviet Socialist Republics

Joseph MarTiv Jr.
United States of America



ANNEX A

List of documenis issued by the Conference of the Committee on Disarmament®

On 18 February 1972, the Secretary-Genersl of the Usited
Nations transmitted to the Co-Chairmen a letter containing
the resolutions on disarmament adopted by the General
Assembly at its twenty-sixth session (CCD/357).

On 2 March 1972, the representative of Mexico submitted
as a Conference document the joint communiqué on the
establishment of diplomatic relations between the United States
of Mexico and the People’s Republic of China (CCD/358).

On 14 March 1572, the representative of Mexico submitted
a working paper listing Conference documents and state-
ments by the Mexican delegation relating to the Treaty for
the Prohibition of Nuclear Weapons in Latin America (CCD/
359).

On 20 March 1972, the representative of the United States
of America submitted a work programme regarding negotia-
tions on the prohibition of chemical weapons (CCERY/ 360).

On 28 March 1972, the representatives of Bulgaria, Cze-
choslovakia, Hungary, Mongolia, Poland, Romania, asd the
Union of Soviet Sccialist Republics submitted a draft con-
veption on the prohibition of the development, production
and stockpiling of chemical weapens and on their destruc-
tion (CCD/361).

On 6 April 1972, the representative of the Union of Soviet
Sacialist Republics submitted a letter to the Special Repre-
sentative of the Secretary-General of the United Nations
{CCD/362).

On 25 April 1972, the representative of the United Kingdom
submitted a working paper on estimating yieids of underground
explosions from amplitudes of seismic signals (CCD/363/
Rev.1).

On 20 June 1972, the Special Representative of the Secre-
tary-General of the United Nations submitted as a Con-
ference document a message from the Prime Ministers of
Australia and New Zealand to the Co-Chairmen CONCerning
the immigent series of atmospheric tests of nuclear weapons
in the Scuth Pacific (CCD/364).

On 70 June 1972, the representative of the United States
of America submitted Working Papers on definitions of con-~
trolled substances (CCD/365), storage of chemical agents
and weapons (CCD/366), the destruction of chemical weap-
ons (CCIMV367), statistics relating to production and trade
of certain c¢hemical substances in the United States {CCD/
368), and on United States domestic Iegislation regarding
chemical substances (CCD/368).

On 20 June 1972, the Special Representative of the Secre-
tary-General of the United Nations submitted as a Con-
ference document a letter from the Permapent Representative
of Peru concerning the series of atmospheric nuclear weapoas
tests in the Pacific (CCD/370).

Oxn 27 June 1972, the representative of the United Kingdom
submitted a working paper on remote detection of chemical
weapon fieid tests (CCD/371).

On 28 Yune 1972, the representative of Sweden submitted
a working paper on iwo groups of chemical ngents of warfare
(CCD/372).

On 29 Jane 1972, the representative of Italy submitted a
working paper on identification and classification of chemical
warfare agents and on some aspects of the problem of veri-
fication {CCD/373).

* With the exception of document CCD/362, all the docu-
ments listed are printed in apnex B.
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On 5 July 1972, the representative of Japan submitted a
working paper on the question of a criterion to be used to
characterize supertoxic chemical apents (CCD/374).

On 5 July 1972, the representative of Yugoslavia submitted
a working paper on some aspects of the definition, classifi-
cation and prohibition of chemical agents (CCD/375).

On 20 July 1972, the representatives of Canada, Japan and
Sweden submitted a working paper on measures to improve
tripartite co-operation in the detection, location and identifi-
cation of underground nuclear explosions by seismological
means (CCD/376}.

On 20 July 1972, the represeatative of Yugoslavia sub-
mitted a working paper on the elements of a system for the
control of the complete prohibition of chemical weapons
(CCD/377).

On 25 July 1972, the representative of Canada submitted a
working paper comtaining n bibliography of papers relevant
to seismological verification problems (CCD/378).

Cn 27 July 1972, the representative of Sweden submiited
as a Conference document a Jist of publications bearing on
seismological discrimination of nuclear explosions and earth-
quakes (CCD/378).

On 27 July 1972, the representatives of Canada and Sweden
submitted a working paper on international co-operation in
short-period seismological discrimination of shallow earth-
quakes and underground nuclear explosions (CDD/380).

On 27 July 1972, the Special Representative of the Secre-
tary-General of the United Nations submitted a working
paper by the Government of Finfand on definitions of chemi-
cal warfare agents and on technical possibilities for verifica
tion and control of chemical weapons (CCD/381).

On 27 Tuly 1972, the representative of Mexico submitted
as a working paper a memoragpdum containing the opinion of
the Government of Mexico on the convening of a world dis-
armament conference (CCD/382).

On 1 Aupust 1972, the representative of the Netherlands
submitted a working paper on the possibility of delimitating
nerve pgases within the field of organophosporus compounds
(CCD/383).

On 8 August 1972, the representative of Sweden submitted
a working paper on domestic legisiation in Sweden regarding
chemical substances (CCD/384).

On § August 1972, the representative of Mexico submitted
n working paper containing a subject index of opimioms ex-
pressed from 29 February to 3 August 1972 on the guestion
of the reorganization of the Conference of the Commiitee on
Disarmament (CCD/385).

On 22 August 1972, the representative of the United King-
dom submitted a working paper on scismic data handling and
analysis for a comprehensive test ban {CCD/386).

On 24 August 1972, the representative of Canada subrmitted
a working paper on the toxicity of chemical substances,
methods of estimation and applications to a chemical coatrol
agreement (QCCD/387).

On 24 August 1972, the representative of the United States
submitted a working paper reviewing current progress and
problems in seismic verification (CCD/388).

On 28 August 1972, the representative of Italy submitted
a working paper on the problem of reorganization of the
pegotiating structures in the disarmament feld (CCD/389).



On 28 August 1972, the representative of Mexico sub-
mitted a working paper containing a list of statements dealing
with reorganization of the Conference of the Committee om
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Disarmament which were made at formal meetings of the
Conference between 29 February and 24 August 1972 (CCD/
380).



ANNEX B

Documents of the Conference of the Committee on Disarmament annexed to the report
Section Title Drocument No.

1. Letter dated 18 February 1972 from the Secretary-General of the United Nations to the Co- CCID/357
Chairmen of the Conference of the Committee on Disarmament transmitting the resolutions on
disarmament adopted by the General Assembly at its twenty-sixth segsion

2. Mexgico: letter dated 2 March 1972 from the representative of Mexico to the Special Representative CCD/358
of the Secretary-General of the United Nations to the Conference

3. Mexico: working paper contaiming a list of the documents of the Conference of the Committee CCD/359
on Disarmament relating to the Treaty for the Prohibition of Nuclear Weapons in Latin Amer-
iTca ETreaty of Tlateloleo) and of the statements by the Mexican delegation dealing with that

Teaty

4. United States of America: work programme regarding nepotiations on probibition of chemical CCD/360
weapons

5. Bulgaria, Czechoslovakia, Hungary, Mongolis, Poland, Romania, Union of Soviet Socialist Repub- CCD/361
lics: draft convention on the prohibition of the development, production and stockpifing of chem-
ical weapons and on their destruction

6. United Kingdom of Great Britain and Northern Ireland: working paper on seismic yields of un- CCD/363/Rev.1
derpround explosions—estimating yields of underground explosions from smplitudes of seismic
signals

7. Letter dated 20 June 1972 from the representatives of Australia and New Zealand to the Special CCD/364
Representative of the Secretary-General of the United Nations to the Conference

8 United States of America: working paper on definitions of controlled substances CCD/365

9. Upited States of America: working paper on storage of chemical agents and weapons CCD/366

10. United States of America: working paper on the destruction of chemical weapons CCD/367

11. United States of America: working paper on statistics relating to praduction and trade of CCD/368
certain chemical substances in the United States

12. United States of America: working paper on United States domestic legislation regarding chem- CCD/369
ical substances

13. Letter dated 14 June 1972 from the representative of Peru to the Special Representative of the CCD/370
Secretary-General of the United Nations to the Conference

14. United Kingdom of Great Britain and Northern Ireland: working paper on remote detection of CCD/371
chemical weapon field tests

15. Sweden: working paper on two groups of chemical agents of warfare CCD/372

16. Italy: working paper on identification and classification of chemical warfare agents and on some CCD/373
aspects of the problem of verification

17. Japan: working paper on the question of a criterion to be nsed to characterize supertoxic chem- CCD/374
ical agents

18. Yugoslavia: working paper op some aspects of the definition, classification and prohibition of CCD/375
chemical agents

19. Canada, Japan and Sweden: working paper on measures 10 improve tripartite co-operation CCD/376
among Canada, Japan and Sweden in the detection, location and identification of underground
nuclear explosions by scismological means

20. Yugoslavia: working paper on the elements of 2 system for the control of the complete pro- CCD/377
hibition of chemical weapons

21. Canada: working paper containing bibliography of Department of Energy, Mines and Resonrces CCD/378
papers relevant to seismological vertfication problems

22, Sweden: list of publications bearing on seismological discrimination of nuclear explosions and CCD/37%
earthguakes and available from the Research Institute of National Defence, Stockholm

23, Capada and Sweden: working paper on an experiment in international co-operation: short- CCD/380
period seismological discrimination of shallow earthquakes and underground nuclear explosions

24. Letter dated 21 July 1972 from the representstive of Finland to the Special Representative of the CCD/381
Secretary-General of the United Nations to the Conference

25 Mexico: letter dated 25 July 1972 from the representative of Mexico to the Special Representa- CCD/382
tive of the Secretary-General of the United Nations to the Conference

76. The Netherlands: working paper on the possibility of delimitating nerve gases within the field CCD/383
of orpanophosphorus compounds

27. Sweden: workiog paper on domestic legislation in Sweden regarding chemical substances CCID/384

98. Mexico: working paper contaiming 2 subject index of opinions expressed on the guestion of the CCD/383

reorganization of the Conference of the Committee on Disarmament during its meetings held
from 29 February to 3 Aunpgust 1572
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Saction Title

Decument No.

29, United Kingdom of Great Britain and Northern Ireland: working paper on seismic data han-

diing and analysis for a comprehensive test ban
30. Caznada:
cations {0 a chemical control apreement
31. United States of America:

armament feld
33, Mexico:

working paper om toxicity of chemical substances, methods of estimation and appli-

a review of corrent progress and problems in seismic verification
32. Italy: working paper on the problem of reorpanization of the negotiating structures in the dis-

working paper containing a list of statements dealing with reorganization of the Con-

CCI/386
CCI/387

CCD/388
CCD/38%

CCD/390

ference of the Committee on Disarmament which were made at formal meetings of the Confer-

ence between 29 February and 24 August 1972

1.

Letter dated 18 February 1972 from the Secretary-General
of the United Nations to the Co-Chairmen of the Con-
ference of the Committee on Disarmament tronsmitting
the resolutions on disarmament adopted by the General
Agsembly at #ts twenty-sixth gession

[CCD/357 of 29 February 1972
[Original: English]

I have the honour to transmit herewith the following reso-
lutions adopted by the General Assembly at its twenty-sixth
session entrusting specific responsibilities to the Conference
of the Committee on Disarmament or otherwise dealing with
disarmament negotiations: resolution 2825 B {XXVI), en-
titled “General and complete disarmament”, resolution 2827 A
{(XXV1), entitled “Question of chemical and bacteriological
{biological) weapons”, resolution 2828 C (XXVI), entitled
“Urgent need for suspension of nuclear and thermonuclear
tests” and resolution 2831 (XXVI), entitled “Economic and
social consequences of the armaments race and its extremely
harmful effects on world peace and security™.

I wish to draw particular attention to the following pro-
visions contained im the resolutions Hsted above.

In resolution 2825 B (XXVI), the Assembly, in paragraphs
2 and 3, urges the Conference, at its forthcoming session, to
resume its efiorts on the qusstion of gemeral and complete
disarmament along the lines set forth in resolution 2661 C
(XXV}, and requests the Conference to report to the Gen-
eral Assembly at its twenty-seventh session on the results of
those efforts.

In resolution 2827 A (XXVI), the Assembly, in paragraph
2, requests the Conference to continue, as a high priority
item, negotiations with a view to reaching early agreement
on effective measures for the prohibition of the development,
production and stockpiling of chemical weapons and for
their elimination from the arsenals of all States; in paragraph
3, it requests the Conference fo take into account in its further
work: (g) the elements contained in the joint memorandtin
on the prohibition of the development, production and stock-
piling of chemical weapons and on their destruction, submitted
on 28 September 1971 to the Conference by Argentina, Brazil,
Burma, Egypt, Ethiopia, Indiz, Mexico, Morocco, Nigeria,
Pakistan, Sweden and Yugoslavia;l® and (&) other proposals,
suggestions, working papers and expert views put forward in
the Copference and in the First Committee of the General
Assembly: and in paragraph 7, it requests the Conference to
submit # report on the results achieved to the General Assem-
bly at its twenty-seventh session.

In resolution 2828 C (XXVI), the Assembly, in paragraph
5, requests the Conference to continue as a matter of highest
priority its deliberations on a treaty banning underground
nuclear weapon testy, tnking into account the suggestions
already made in the Conference, as well as the views ex-
pressed at the twenty-sixth session of the General Assembly;
in paragraph 6, it requests particularly Governments that
have been carrying out nuclear tests to take an active and

10See Ihid, Supplement for 1971, document DC/234,
annex C, sect. 33.
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constructive part in developing, in the Conference, specific
proposals for an underground test ban treaty.

In resolution 2831 (XXVI), the Assembly in paragraph 5,
recommends that the conclusions of the Secretary-General's
report on the economic and social comsequences of the arms
race and of military expendituresll be taken into account in
future disarmament negotiations.

In resolution 2827 A (XXVI), the Assembly, in paragraph
8, requests the Secretary-Genmeral to transmit to the Confer-
ence all documents and records of the First Committee re-
iating to questions compected with the problems of chemical
and bacteriological {biological) methods of warfare. The
relevant documents and records are the f{ollowing: A/8457,12
A/8574 and the draft resolutions contained in that documentid
and the records of the 1B27th to 1842nd, 1846th and 1847th
meetings of the First Commiitee (A/C.1/PV.1827-1842, 1846
and 1847). All these documents and records were distributed
during the twenty-sixth session of the General Assembly to all
Members of the United Nations including all members of the
Conference.

1 also have the honour fo transmit berewitly, for the infor-
mation of the members of the Conference, the following reso-
lutions adopted by the General Assembly at its twenty-sixth
session which deal with disarmament matters: resolution
2825 A (XXVI) and resojution 2825 C (XXVI) entitled
“General and complete disarmament”, resolution 2826 (XXVID,
entitled “Convention on the prohibition of the development,
production and stockpiling of bacteriological (biclogical) and
toxin weapons and on their destruction”, resolution 2827 B
(XXVI), entitled “Question of chemical and bacteriological
(biological) weapons”, resolutions 2828 A (XXVI) and
2828 B (XXVI), entitted “Urgent need for suspenmsion of
puclear and thermonuclear tests”, resoluton 2829 (XXVI},
entitled “Hstablishment, within the framework of the Inter-
pational Atomic FEnergy Agency, of an international service
for nuclear explosions for peaceful purposes under appropri-
ate international control”, resolution 2830 (XXVI), entitled
“Status of the implementation of General Assembly resolution
2666 (XXV) concerning the signature and gatification of
Additional Protocol II of the Treaty for the Prohibition of
Nuclear Weapons in Latin America (Treaty of Tlatelolco)”,
resolution 2832 (XXVI), entitled “Declaration of the Indian
QOcean as a zone of peace” and resolution 2833 (XXVI), en-
titled “World Disarmament Conference™.

I also wish to refer, for the information of the Conference, to
General Assembly resolutions 2852 (XO{VI) and 2880 (XXVI).
In resolution 2852 (XXVI) on “Respect for human rights in
armed conflicts”, paragraph 5, the Assembly requested the
Secretary-General, in line with paragraph 126 of his report
on respect for human rights in armed coanflicts, "to prepare
as soon as possible, with the help of qualified governmental
consultant experts, a report on napalm and other incendiary
weapons and all aspects of their possible use”. In resolution

11 United Nations publication, Sales Wo, E.72.IX.16.

12 Official Records of the Disarmament Commission, Supple-
ment for 1971, document DC/234,

18 See Official Records of the General Assembly, Twenty-
sr‘xéhafessian, Annexes, agenda items 26, 27, 30, 31, 32, 33
an .



2880 (XXVI), on “Implementation of the Declaratiton on the
Strengthening of International Security”, paragraph 8, the
Assembly affirmed infer alia, that “a substantial portion of the
savings derived from measures in the field of disarmament
should be devoted to promoting economic and social devel-
opment, particularly in developing countries”.

[For the text of resclutions 2825 (XXVI), 2826 (XXVI),
2827 (XXVI), 2828 (XXVI), 2829 (XXVI), 2830 (XXV1},
2831 (XXVI), 2832 (XXVI), and 2833 (XXV1), see Official
Records of the General Assembly, Twenty-sixth Session, Suop-
plement No. 29.]

2.

Mexico: letter dated 2 March 1972 from the representative
of Mexico to the Special Representative of the Secretary-
General of the United Nations 1o the Conference

[CCD/358 of 2 March 19727
[ Original: Spanish]

I request you to reproduce as a doczment of the Conference
of the Committes on Disarmament the joint communiqué on
the establishment of diplomatic relations between the United
States of Mexico and the People’s Republic of China, signed
in New York on 14 February 1972, in virtue whereof that
document comtains a declaration by the Chinese Government
on nuclear-weapon-free zomes, and specifically on the zone
established by the Treaty for the Prohibition of Nuclear
Weapons in Iatin Americal4 {Treaty of Tlatelolco) which,
as you kmow, is ome of the subjects on the agenda of the
Conference.

(Signed) Alfonso Garcia ROBLES
Chairman of the Mexican Delegation to the
Committee on Disarmament

14 {nited Nations, Treary Series, vol. 634, Mo. 9068.

JoNT COMMUNIQUE ON THE ESTABLISHMENT OF DIPLOMATIC
RELATIONS BETWEEN THE Unrrep STATES oF MEXico AND
THE PEOPLE'S REPUBLIC OF CHINA

The permanent representatives of the United States of
Mezico and of the People's Republic of China to the United
Nations, as a result of nepotiations carried out with due
authorization from their respective Governments, have agreed
upon the following:

1. In accordance with the principles of juridical equality
of the States, mutual respect for their sovereipnty, independence
and territorial integrity, pop-agpression, and opon-intervention
in their internal or external affairs, the Governments of the
United States of Mexgico and of the People's Republic of China
have decided to establish diplomatic relations, effective from
this date, and to exchange Ambassadors as soon as possible.

2. The Mexican Government and the Chinese Government
have agreed to mutually provide all necessary assistance for the
establishment of diplomatic missions in their respective capitals
and the performance of their functions, on the basis of equal-
ity and reciprocity and im accordance with infernational law
and practice.

3. The Chinese Government supports the just position of
Mexico and other Latin American States on the establishment
of a nuclear-weapon-free zone in Latin America and holds
that all nuclear weapon States should undertake the oblipa-
tion pot to use nuclear weapons against the zome or States
mentioned above, The Mexican Government takes note with
appreciation of this position of the Chinese Government.

{Signed) Huang Hua
Permanent Representative

of China to the
United Nations

{Signed) Alfonso Garcia ROBLES
Permanent Representative

of Mexico to the

United Nations

Mexico: working paper containing a list of the documents of the Conference of the
Commiltece on Disarmament relating to the Treaty for the Prohibition of Nuclear
Weapons in Latin Americatt (Treaty of Tiateloleo} and of the statements by the
Mexican delegation dealing with that Treaty

[CCD/359 of 14 March 1972]
{Original: Spanish}

DOCUMENTS

Symbol Title

Date

ENDC/186%%

Final Act of the fourth session of the Preparatory

Commission for the Denuclearization of Latin

America . .
ENDC/241 ard

Establishment of nuclear-free-zones—working docu-

21 February 1967

24 March 1969 and
24 March 1970

Report on the first session of the General Confer-

ence of the Agency for the Prohibition of Nuclear

Working paper dealing with certain basic facts re-

15 September 1562

garding the Treaty for the Probibition of Nuclear
Weapons in Latin America (Treaty of Tlatelolco)
and its Additiomal Protocol II—working paper

Add. 118 ments submitted by Mexico . ..
CCD/26817
Weapons in Latin America (OPANAL)
CCD/34218
submitted by Mexico
CCD/35810

Letter dated 2 Maich 1972 from the representative

19 Aupust 1971

of Mexico to the Special Representative of the

Secretary-Genperal of the United Nations

2 March 1972

15 See Official Records of the Disarmamemt Commission, Supplement for 1967 and 1968,

document DC/230 and Add 1, annex TV, sect., 2
18 Jbid., Supplement for 1969, document

1979, document DC/233, annex C, sect. 1.

bC/232, anrex C, sect. 5 and Supplement for

17 1bid , Supplement for 1969, document DC/232, anpex C, sect. 33.
18 2hid., Supplement for 1971, document DC/234, annex C, sect. 24.

12 See section 2 of the present report



STATEMENTS BY THE MEXCcaN DELEGATION

Date Records Faragraphs
1967 2} February - ENDC/PV.287 47-77
21 Maich ENDC/PV.295 224
18 May . ENDC/PV.297 51-55
19 September . ENDC/PV.331 2-26
1968 15 February . . ENDC/PV.365 213
6 March . ENDC/PV.374 2-25
13 August ENDC/PV.38% 3661
1969 10 April .. ENDC/PV.402 2-39
29 April . ENDC/PV.407 2425
3 Iuly ENDC/PV.416 4249
9 September . ENDC/PV.435 2-7
30 September ENDC/PV.448 42-54
and 97
1970 17 February . CCD/PV.445 61-99
26 February . CCD/PV 453 3146
2 April . . CCD/PV.461 3840
197F 23 February .. . CCD/PV.493 7173
22 April . CCD/PV.510 75-78
13 May . CCD/PV.516 58
27 July . CCD/PV 524 4648
19 August . CCD/PV.531 2531

4.

United States of America: work programme regarding
negotiations on prohibitior of chemical weapons

[CCD/360 of 20 March 1972]
[Original: English]

I. INTRODUCTION

This paper sets forth some of the considerations that are
relevant to the question of prohibition of chemical weapons.
It deals primarily with lethal chemical warfare agents. The
paper does not attempt to treat all of the many factors which
we or others may feel are important with respect to these
agents or offer final judgements on those questions that are
discussed. The delegation hopes that the material presented
will stimulate further discussion and assist the Commitiee
towards reaching a consensus regarding those considerations
that are important to successful negotiations.

II. Scope

Section A sets forth major categories of types of agents and
precursors describing a pumber of factors which appear to
the United States delegation relevant to their cousideration in
the context of arms limitation, section B describes possible
ways of defining substances that might be controlled, and
section C sets forth and discusses classes of activities pertaining
to chemical weapons programunes together with relevant arms
limitation considerations.

A. Major categories

Major categories of substapces related to chemical war-
fare include the following:

1. Single purpose agents. These agents have no large-scale
uses except in chemical warfare. Modern agents in this cate-
gory, such as organophosphorus compounds, are extremely
toxic. Some older agents, which caused a number of deaths
in the First World War, also fall into the “single purpose”
category.

2. Dual purpose agents are chemicals which are commonly
psed for civilian purposes, but which might also be used as
chemicnl warfare agents. Phosgene, chiorime, and hydrogen
cyanide are well-known examples of substances in this category
and were utilized widely in the First World War. The extent
of the civilian uses of these agents was described in a working
paper submitted by the United States on 16 March 197020

20 See Officlal Records of the Disarmament Commission,
Supplement for 1970, document DC/233, annex C, sect.. 12,
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3. Precursors. Intermediates of modern agents may or
may not have civilian applications. Phosphorus trichloride,
for example, a key precursor in the production or organo-
phosphorus nerve agents, is widely used as an intermediate in
the manufacture of pesticides and plasticizers. Under present
conditions, agent intermediates do not assume immediate
military significance until processed further into an agent, but
binary devices, by using agent intermediates as weapons com-
poenents, could blur this distinction.

B. Definitions of controlled substances

The following general criteria offer various possibilities for
defining chemical substances which might be used for chem-
ical warfare;

1. General toxicity standard. Modern lethal agents are in
general much more toxic to bumans than are pesticides or
other chemicals used in the civiliar sector. A standard re-
lated to the toxicity of present-day nerve agents would ex-
clude, for all practical purposes, chemicals which have civilian
uses. However, allowance should be made for the fact that a
number of supertoxic compounds have legitimate medical
applications. If a toxicity standard were adopted it might be
necessary to provide for a uniform laboratory method of
determining the toxicity of a compound. The kind of animals
to be used, their number and weight, the method of applica-
tion of the chemical, and extrapolation of effects to humans,
are among the factors which would have to be dealt with.
Questions regarding the application of a toxicity standard
might be referred {o an intermational consultative body or
some other appropriate iniernational body.

2. Identification of specific agents. Many chemical sub-
staaces which have been used in warfare or developed for
weapons purposes are generally knmown. Although a compre-
hensive list of these known agents by name and specific
structural formula might include the majority of apents in
current arsenals, there is no way at present to know whether
such a list would include ali the major agents in the arsenals
of States or under development.

3. General structure formula All presently identified perve
agents are organophosphorns compounds which exert their
toxic effect by inhibition of the enzyine acetylcholinesterase.
Considerable information is available on the relationship be-
tween chemical structure amd ability to inhibit acetylcholin-
esterase. A general structural formula might be developed
which would describe the spectrum of organophosphorus com-
pounds which could be wsed as lethal apents but would npot
include compounds used as pesticides. One possibility is the
formula presented by the Netherlands in a working paper on
2 March 1971.%t

4. Criterion based on purpose. The biclogical weapons
Convention®? relies on a genoeral formulation which prohibits
agents “of types and in quantities that have no justification
for prophylactic, protective or other peaceful purposes”. This
definition is both comprehensive and simple. Such a definition
by itself, however, could be insufficiently precise for effective
application to chemicals which are produced in extremely large
quantities for peaceful purposes.

5. Combination of methods. Having various possible pro-
hibitions in mind, the Committec might consider what com-
bination or combinations of criteria could be appropriate.
The advantapes might be weighed of using a purpose cri-
terion, accompanied by one or more of the other forms of
definition described above. If differing prohibitions were to be
copsidered for various categories of agents, definitions would
be needed which could distinguish such categories from one
another. For example, with respect to prohibitions covering
the most lethal types of agents, a definition might include, in
addition to a purpose criterion, reference to structural formule
of known agenis and specification of toxicity levels. Binary

21 gbr'd., Supplement for 1971, document IXC/234, annex C,
sect. 3.

2% Convention on the Prohibition of the Development, Produc-
tion and Steckpiling of Bacteriological (Biclogical} and Toxin
Weapors and on their Destruction (General Assembly resolu-
fion 2826 (XXVI), annex).



components, bowever, may not be readily distinguishable from
mary industrial chemicals either by their structural formula
or toxicity. If such intermediates were to be considered, be-
cause of their potential military importance, for specific pro-
hibitions, it might be desirable to consider 2 definition that
was based on the purpose criterion and a list of known sub-
stances. There are, of course, advantages and disadvantages to
all of the various possible definitions and their combipations,
which should be carefully considered by the Committee as it
moves forward in its work on questions concerning chemical
weapon prohibitions.

6. Maintaining effective definitions. The Committee might
consider ways in which definitions could be kept current.
Examples of possible technological developments which could
affect the adequacy of definitions in future circumstapces are:

(a) Development of very toxic chemicals with non-military
uses;

(b) Development of binary weapons with “dual purpose™
chemical components;

(¢) Development of nonm-military uses for substances sim-~
ilar to present nerve agents;

(d) Development of chemical compounds which have po-
tential military uility but which do not cleariy meet traditional
criteria for determing controlled substances. In view of these
possibilities, consideration might be given {o the most appro-
priate means for continuing or periodic future consultations
to help insure that the scope of substances to be controlled
remains effectively defined, with updating as necessary.

C. Scope of activities which mipht be controlled

The Committez should give consideration to the various
classes of aclivities pertaining to chemical weapons Ppro-
grammes together with relevant arms limitation factors.

1. Production of agents. Production of agents 15 a key
element in acquiring and, over the lomg runm, in maintainisg
a chemical warfare capability. The current process of manu-
facture of modern lethal agents is a sophisticated one carried
out in highly specialized facilities. These characteristics give
rise to important considerations bearing on the guestion of
nerve agent production controls:

{a) Imitiating merve agent production is a complex task.
Considerable time is required to construct & new agent plant,
convert another chemical faciiity to agent production, or even
1o reactivate an agent plant which has been shut down for
more than a short period. The engincering difficulties which
must be overcome are considerable. The cost of establishing a
nerve agent manufacturing facility of the type used in the
past is many times greater than for a production facility for
commercial chemicals. These considerations may not be
fully applicable in the case of production of components for
binary weapoas.

(b) While it may be reasomable o assume that there are
relatively few chemical facilities which might be used at the
present time to make organophosphorus chemical warfare
agents, information is insufficient to determine which facilities
in fact have this capability and have beenm engaged in agent

production.

In the case of merve agent production facilities, possibilities
for demilitarization range from closing or “mothballing” plants
1o conversion or destruction, Measures which might be useful
in ensuring that required actions were taken are discussed
below in the verification section.

2. Production of weapons:

{a) Chemical munitions manufacture uses substantially the
same type of metal-processing facilities used to make casings
for conventional weapons. Filling of munitions with apgent, on
the other hand, characteristically is a highly specialized
process carried out wnder stringent safety and security con-
irols. The filling of chemical munitions with perve agent would
pormally be carried out at or near the agent production
facility, where appropriate conditions for handling highly
toxic materials would already exist. This would be a lesser
consideration in the filiing of munitions using less toxic ma-
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terials such as chlorine, phosgene or possible components of
binary weapons

(b) In considering possible approaches to prohibiting pro-
duction of chemical weapons, the question of munitions might
assume varying importance depending on the nature of the
agents being utilized:

(1) Dual purpose agents. A great many countries would,
of course, continue to possess production facilities for,
and jarge guantities of, such chemicals as chlorine and
phosgene for peeceful industrial uses after any chem-
ical weapons agreement. Such production facilities, or
current stocks, could be utilized at any time for making
weapons. Thus the activity which it seems most rele-
vant to restrict in this area would be production of
munjtions rather than production of agents.

Nerve agents. On the other hand, in the case of known
nerve agent munitions, the agents themselves do mot
have large-scale peaceful uses, and thair possession in
any quantity, even when not filled in munitions, has
military significance. Thus, controls affecting production
of agents would appear to be of particular importance
in connexjon with such weapens as those using nerve
agents.

(i)

3. Stockpiling. Possession of stocks of chemical weapons
is essential o maintenance of an immediate chemical capabil-
ity. While there is evidence which suggests the existence of
substantial quantities of chemical arms in present-day arsenals
of several nations, storage of chemical weapons by its nature
is not a readily identifiable activity. Several counsiderations
seem pertinent in relation to stockpiling:

{g) There is general uncertainty over the size and composi-
tion of chemical weapons stocks im existence.

(b) A capability to retaliate promptly in kiod to a chem-
ical atlack is one deterrent against initiation of chemical
warfare,

(¢) Destruction or demilitarization of stocks, given the
toxic nature of modern agents, reguires time-consuming and
carefully controlled processing under stringent safety precan-
ticns. To ensure that nope of the toxic agent escapes into the
environment, a destruction facility must be operated under
the principle of “total containment”. Another major concern
is the disposal of the end-products of the agent destruction.
These end-products, while relatively non-toxic in themselves,
might have a serious adverse effect if introduced into the
environment in large quantities.

4. Research and development:

{(a) Certain lethal agents were an accidental by-product of
indusirial insecticide research conducted in civilian labora-
tories. It may be difficult to tell from the nature of research
on toxic substances whether or not such research is part of
a military programme, It may also be difficult to distinguish
many aspects of research for offensive purposes from research
for defensive or prophylactic purposes. At the same time, it
is possible that a number of countries will attach importance
to the comtinuation of research for defensive purposes.

(#) Development of promisiog chemical warfare agents
and of means for disseminating them are explicitly military
activities and go beyond the stape necessary for design of
defensive measures. However, development, like research, is an
activity of low visibility,

III. VERIFICATION

The Committee faces a number of important questions with
respect to possible means of verification, both natiopal and
international. This section sets forth a number of congiderations
on the relationship between the scope of prohibitions and veri-
fication, and regarding the feasibility of possible specific veri-
fcation elemenis such as seals apd monitoring devices, infor-
mation cxchange, declarations, remote sensing devices,
inspection visits, and monitoring of imports and shipments of
certain specific materials.



A. Relationship between verification and scope

Vazious possible combinations of chemical weapons pro-
hibitions would be likely, in order to be effective, to require
various measures of verification. Comprehensive prohibitions
would, by definition, most completely limit chemical warfare
capabilities. Moreover, comprehensive prohibitions, by cover-
ing many aspects of chemical weapons activities, would tend
to reinforce each other. On the other hand, there may be
some factors which would warrant the Committee’s consid-
eration of the relative merits of a phased approach in which
some activities are prohibited initially and other activities at
subsequent stages. For example, a simultaneous prohibition of
production of certain apents or weapons, fogether with a
requirement for complete destruction of any existing stocks of
those agenis or weapons, might require a higher degree of
assurance of compliance than if prohibitions were placed in-
itially on production alone, As indicated earlier, possession of
8. retaliatory chemical warfare capability has been generally
considered to provide one deterrent to the first-use of chemical
weapons by others. A State possessing chemical weapons
could feel that it required a very high degree of assurance that
others would be taking the same steps it was to take, before
agreeing to prohibitions which, when implemented, would Teave
it with no ability to retaliate promptly. Thus, one possible
way some States might be satisfied with a somewhat lower
level of initial assurance would be if the disarmament process
took place in stages, that is, in the example under discussion,
if production of certain classes of apgents or weapons were
prohibited initially while destruction of stockpiles were o
take place in a subsequent stape.

B. Verification elements

1. Seals and monitoring devices. The possibility exists of
assuring that chemical weapons activity does not take place
at “mothballed” facilities through the use of seals or monitor-
ing devices of the types which have been studied in connexion
with nuclear safeguards. This possibility has particular rele-
vance with respect to a phased process in which chemical
weapons production facilities are shut down but not initially
dismantled. During the last session of the Conference of the
Comuntittee on Disarmament, the delegation of the WUnited
States submitted a working paper on 5 July 197! which de-
scribes the nature and possible utility of sealing and monitor-
ing devices.

2. Information exchange. Given the complexity, and the
prospects for growth and change in the chemical industry
throughout the world, provisions for information exchange
might play a useful role in verifying chemical weapons limi-
tations. Consideration might be given in the Committee to the
types of information which would be helpful. Possibilities
might include information regarding: quantity, types, and uses
of organophosphorus products; quantity, types, and uses of
dual purpose chemicals; and intended use of major new
chemical production facilities.

3. Declarations. Two types of declarations which might
be considered in connexion with chemical weapons prohibi-
tions are declarations concerning activities or facilities:

{a) The Commitiee might examine the utility of periodic
declarations regarding activities relevant {0 an agreement as
one means to help reinforce implementation of an agreement.
For example, annual statements by parties, having the effect
of affirming their compliance with an agreement, might be
considered. The Committee might examine whether declara-
tions which set forth annual national production figures for
substances limited by an agreement would offer to parties an
additional degree of assurance of comtinuing observance of
an agreement. In the case of a prohibition of merve agent
production, for exampie, it would be expected that parties
would register zero production or a very small amount des-
tined for scienmtific research, To emphasize a party’s continu-
ing commitment to an agreement, such declarations might be
endorsed or issued at the highest governmental level.

23 Official Records of ihe Disarmament Commission, Supple-
ment for 1971, document DC/234, annex C, sect. 14. ‘
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(b Declarations might also be considered that could be
helpful in increasing the effectiveness of various means of
verification. For example, submission by parties of lists idem-
tifying and locating facilities capable of handling highly toxic
materials would be of help in verifying prohibitions of pro-
duction. What types of facilities might be included in such
lists, and whether the lists should contain supplemental infor-
mation regarding past and present activity at particular in-
stallations, could be a subject to be examined within the
Commiittee.

4. Remote sensing devices. The question of possible utility
of remote sensing devices to detect evidence of chemical
weapons activity is being studied in various countries. The
present level of sensor technology, however, does not appear
to offer significant prospects, in the near {uture, for the devel-
opment of long-range sensors that could detect evidence of the
manufacture or storage of chemical agents. The two prin-
cipal problems in this respect are the difficulty of achieving
sufficiently great sensitivity over large distances and the fact
that substances resulting from prohibited and non-prohibited
activities may give closely similar readings.

3. Inspection visits. The Committes should consider possi-
bilities for on-the-scene verification, including such questions
as how locations to be visited are chosen and what might be
expected 1o take place during a visit. An on-the-scene inspec-
tion by techmically qualified personnei may be the most effi-
cienti and direct way of resolving a serious guestion concern-
ing implementation of chemical prohibitions at a piven site.

6. Monitoring of imports and shipments. Certain chemical
substances have limited cormmercial application. A dispropor-
tionate increase in imports or shipments of these materials
might be significant in verifying observance of an agreement.

IV. INTERNATIONAL ORGANIZATIONAL CONSIDERATIONS

A number of questions pertaining to interpatiopal organi-
zational considerations could have possible relation to meas-
ures containing prohibitions oo chemical weapons. This sec-
tion discusses possible consultative arrangements, relationship
to the Security Council of the United Nations, and the use-
fulness of provisions for periodic review. The consideration
of these questions, as well as those in part V below, would of
course be significantly affected by the manner in which ques-
tions in the preceding sections, pertaining to scope and to
verification, were handled.

A. Consuliative body

In assessing which approaches to the achievement of re-
straints on chemical weapons are promising and which are
not, consideration might be given, at an appropriate stage in
the work of the Committee, to whether establishment of a
standing consultative body would be helpful and, if so, what
its role might be. While recent multilateral arms control agree-
ments have not established or defined special roles for a body
of this sort, a consultative group might be able to perform
constructive functions in connexion with an agreement on
chemical weapons. Given the complexities and difficulties of
chemical weapons verification probiems, provision for a con-
sultative body might offer some additional element of assur-
ance {o potential parties to an agreement. Participation in the
consultative body of appropriate governmental, military, and
scientific representatives might in itself establish increased
international confidence, ucnderstanding, and co-operation in
dealing with problems inhereat in the implementation of re-
straints on chemical weapons.

1. Possible functions:

(a} One function of a consultative body might be to keep
abreast, throwgh the participation of appropriate military and
scientific experts, with the military potential of various ad-
vances in chemistry. Such a function on the part of a con-
sultative body might be particularly relevant if a chemical
weapons agreement defined controlled substances using such
criteria as a general toxicity standard or identification of
specific agents. A consultative body might perform the func-



tion of reviewing questions regarding new chemical sub-
stances and of making such determinations as whether a par-
ticular commercizlly produced substance (i) fell within an
agreed toxicity or formula criteria, (ii) should be classified as
single purpose or as dual purpose, {iii) shouid be considered
a precursor; and whether in light of these assessments the
substance should be classified as one controlied or proscribed
by the relevant definitions.

(5) Another possible role which might be considered for
a consultative body could be ia helping to assure parties to 2
treaty that its provisions were being carrfed out. Such a body
might, for example, be the recipient of reporis from parties
10 a treaty regarding their compliance with its provisions for
destruction of existing stocks of lethal chemical agents and
chemical weapons. It might also receive information reports on
the intended use of organophosphorus substances produced
by parties and on the use of certain categories of existing and
new chemical production facilities. A consultative body might
also receive questions from parties regarding implementation
ar observance of the chemical weapons agreement. In this
connexion the comsultative body might be the locus for ar-
ranging inspection visits ta clarify an ambiguous situation and
to restore confidence that an agreement was being observed.

2. Organizational considerations:

(a} With regard to operations, it would be necessary to
consider in advance of determining whether to establish a
consultative body the way in which it might perform the
fumctions expected of it. Attention would need to be devoted
1o questions such as the powers that a consultative body
might have to initizte actions, to make recommendations, and
to solicit the co-operation of parties in the resolution of any
problems that might arise. It would also be necessary to con-
sider such practical questions as funding, headquarters, staff,
and types of services to be provided. Parties to an agreement
would naturafly wish to avoid unpecessary costs in imple-
menting any agleements in the chemical weapons area and
would not wish to establish a new international organization
or assign new functions to an existing organization unless
substantial benefits could be expected in the solution of
problems involved in implementing the agreement.

(b) The question of membership ard participation in such
a consultative body would be an important one for potential
parties to an agreement, One possibility might be to agree
that Tepresentatives of all parties to 2 chemical weapons
agreement would be entitled to participate in any consultative
body concerned with the impiementation of that agreement.
However, a consultative body might itseil determine how
experts would be selected for participation in its various
activities.

{¢) The relationship of such a bedy to existing inferna-
liomal orgapizations might also be coosidered, stnce a con-
sultative body might be concerned with a range of issues
varying from use of chemical substances for agricultural pur-
poses to questions invelving security and political issues. It
might be usefu! to consider what ties a consultative body
would need to have with such offices as the United Nations
Secretary-General or with the Security Council, the General
Assembly, or United Nations specialized agencies, and how
these might best be provided for.

B. Relationship to the Security Council

A number of recent arms limitation treaties have contained
provisions which specifically recognize the pre-eminent role
of the United Nations Security Council in dealing with mat-
ters affecting international peace and security. In view of the
important security implications any new agreement restricting
chemical weapons would have, members of the Commiftee
smay wish to consider whether it would be of value to reaffirm
in an appropriate manner the right of parties to submit com-
piaints of violation t0 the Security Council together with all
possible evidence, and to set forth an undertaking by parties
10 co-operate in carrying out anmy investigations the Security
Council might initiate.
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C. Review conference

The Committee might weigh the advantages of a petiodic
review conference as am additional means of assuring the
continued effectiveness of a chemical weapons agreement. A
review conference could copduct a broad examination of
whether the purposes and principles of the agresment were
being 1ealized, taking into account particularly any mew scien-
tific and technological developments relevant to the agreement.
The discussion of sssues and problems at a review conference
could be of assistance to the subsequent work of any consul-
tative body. Preparations for a review conference could be
entrusted to a consultative body, if one had been established.

V. OTHER QUESTIONS

A pumber of other guestions could arise in the course of
comsideration of possible prohibitions relating to chemical
weapons. These might include relationship to the Geneva
Prolocol,2¢ facilitation of intermational co-operation in the
field of peaceful applications, prohibitions of assistance 10
third parties with respect to proscribed activities, entry into
force, duration and withdrawal, and amendments.

A.  Relationship to the Geneva Protocol

In connexion with the achievement of any new restrictions
on chemical weapons a gquestion will naturally arise as to the
relationship between these restrictions and existing restraints
in the Geneva Protocol. Committee members may therefore
wish to comsider whether any new agreement onr chemical
weapons should contain provisions notiag the importance of
the Gensva Protocol and ensuring that nothing in the agree-
ment could be interpreted as in any way Hmiting or detracting
from obligations assumed under the Geneva Protocol.

B. Facilitation of international co-operation

In view of the fact that restraints on chemical weapons will
have a2t important bearing, directly or indirectly, on activities
in peaceful scientific and industrial areas, the Committee may
wish to comsider whether it would be practical and desirable
for any new prohibitions to be accompanied by provisions
that make clear the intention of parties to co-operate with
other States or intermational organizations in the further
development and peacefnl application of science in fields
relating 1o the agreement. Provisions along these lines are
contained in both the Biological Weapons Convention and
the Treaty on the Non-Proliferation of Nuclear Weapons.26
It would, therefore, seem logical to consider the desirability
of appropriate provisions in the case of restraints on chemical
WeApons,

C.

Sipce parties to any new agreement would be accepting
restrictions om their activities, it would seem logical to con-
sider the possibility of appropriate provisiops pursuant 10
which parties would agree not to assist or eocourage any
others to carry out activities Hmited by the new agreement.
Such provisions, which have been included in recent multi-
lateral arms control agreements, would reinforce the achieve-
ment of the broad purposes of any new agreement.

Assistance to third parties

D. Ewtry into force

The question of how additiopal limitations on chemical
weapons enter into force is important because 2 mew agree-
ment would affect weapons of established military signifi-
cance. The Committee could consider whether a relatively
large or a relatively limited number of ratifications ought to
be necessary before a new agreement would enter into force.
This question could have relationship not only to the possible
scope of a mew agreement but also to the manner in which
questions such as duration and withdrawal are handled.

4 Protocol for the Prohibition of the Use in War of Asphyxi-
ating, Poisons or Other Gases, and of Bacteriological Methods
of Warfare (League of Nations, Treary Series vol. XKCIV,
No. 2138.)

25 GGeneral Assembly resolution 2373 (XXII), annex.



E. Duration and withdrawal

The manper in which the questions of duration and with-
drawal are handled in any new chemical weapons agreement
will have a relationship to the possible scope of any new
prehibitions and the extent of reassurance provided to parties
through apreed means of verification. These issues are in turn
refated to such questions as the over-all stability of any new
agreement and the extent of capability remaining in the hands
of any nation to deter the initiation of chemical warfare by
others. Approaches to the question of duration could range
from consideration of an agreement limited to a fixed num-
ber of years (with possibilities of continuation or repewal),
to an agreement of indefinite duration. Intermediate approaches
might also be envisioned. Procedures for withdrawal could

also vary, in part depending upon whether duration was
limited or indefinite.

F. Amendments

Procedures for amendments could assume particular sig-
nificance in the case of chemical weapons prohibitions. Chem-
ical weapons ard agents relate to a field of science and tech-
rology which i3 rapidly expanding and which may uadergo
basic changes in the future, Thus, technical aspects of pro-
hibitions formulated in the light of technology existing in one
decade could be significantly different in amother decade.
Whether amendments should be relatively easier or more diffi-
cuit to adopt could also be related to the manner in which
the issue of duration was handled.

5.

Bulgaria, Czechoslovakda, Hungary, Mongolia, Poland,
Romania, Union of Soviet Socialist Republics: draft
convention on the prohibition of the development, pro-
duction and stockpiling of chemical weapons and on
their destruetion™

[CCD/361 of 28 March 1972]
[Original: Russian]

The States Parties fo this Convention,

Determined to act with a view to achieving effective progress
towards general and complete disarmament including first of all
the probibition and elimination of all types of weapons of
mass destruction—nuclear, chemical and bacteriological,

Convinced that the prohibition of the development, produc-
tion and stockpiling of chemical weapons and their elimination,
throngh effective measures, will facilitate the achievement of
general and complete disarmament under strict and effective
infernational controi,

Convinced of the importance and urgency of eliminating
from the arsenals of States, through effective rmeasures, such
dangerous weapons of mass destruction as those using chem-
ical agents,

Recalling that the Convention on the Prohibition of the
Development, Production and Stockpiling of Bacteriological
(Biolopical) and Toxin Weapons and on their Destroction?®
affirms the recognized objective of effective prohibition of
chemical weapons,

Recognizing the important significance of the Protocol for
the Prohibition of the Use in War of Asphyziating, Poisonous
or Other Gases, and of Bacteriological Methods of Warfare27
signed at Geneva on 17 Fune 1925, and also the coniribution
which the said Protocol has already made, and continues to
make, to mitigating the horrors of war,

Reaffirming their adherence to the principles and objec-
tives of that Protocol and calling upon all States to comply
strictly with them,

Recalling that the Genperal Assembly of the United Nations
has repeatedly, and particularly in resolution 2827 A (XXVI)

* The draft convention was also submitted in the names of
the Byelorussian Soviet Socialist Republic and the Ukrainian
Soviet Socialist Republic. )

26 General Assembly resolution 2826 (XXVI), annex.

27 League of Nations, Treaty Series vol. XCIV, No. 2138,
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of 16 December 1971, condemned all actions contrary to the
principles and abjectives of the Geneva Protocol of 17 June
1925,

Desiring to contribute to the strengthening of confidence
between peoples and the pemeral improvement of the inter-
national atmosphera,

Desiring also to countribute to the realization of the purposes
and principles of the Charter of the United Nations,

Determined, for the sake of all mankind, to exclude com-
pletely the possibility of chemical agents being used as
weapouns,

Convinced that such wse would be repugnant to the con-
science of mankind and that po effort should be spared to
minimize this risk,

Have agreed as follows:

Article 1

Each State Party to this Convention underiakes mever in
any circumstances to develop, produce, stockpile or otherwise
acquire or retain:

(1) Chemical agents of types and in quantities that have no
justification for peaceful purposes;

(2} Weapons, equipment or means of delivery designed to
use such agents for hostile purposes or in armed conflict.

Article 1

Each State Party to this Convention undertakes to destroy,
or to divert to peaceful purposes, as soon as possible but not
later than .. .. months after the entry into force of the Con-
vention, all chemical agents, weapons, equipment and means
of delivery specified in article I of the Convention which are
in its possession or under its jurisdiction or control. In imple-
menting the provisions of this article all necessary safety
prer.:autions shall be observed to protect populations and the
environment,

Article 11

Each State Party to this Coovention undertskes not to
transfer any reciplent whatsoever, directly or indirectly, and
not in any way to assist, encourage, or induce any State, group -
of States or international organizations to manufacture or
otherwise acquire any of the agents, weapons, equipment or
means of delivery specified in article T of the Convention.

Article IV

Bach State Party to this Convention shall, in accordance
with s constitutional processes, take any necessary measures
to probibit and prevent development, production, stockpiling,
scquisiion or retention of the agents, weapons, equipment
and means of delivery specified in article I of the Convention,
within the territory of such State, under its jurisdiction or
under its control anywhere.

Article V

The States Parties to the Convention undertake to consult
one another and to co-operate in solving any problems which
may arise in relation to the objective of, or in the application
of the provisions of, this Convention. Consultation ard co-
operation pursuant to this article may also be undertaken
through appropriate international procedures within the frame-
work of the United Nations and in accordance with its Charter.

Article VI

{1} Any State Party to the Convention which finds that
any other State Party Js acting in breach of obligations
deriving from the provisions of this Convention may lodge a
complaint with the Security Council of the United Nations
Such a complaint should include all possible evidence con-
firring its validity, as well as a request for its consideration
by the Security Council.

(2) Each State Party to the Convention undertakes to co-
operate in carrying out any investipation which the Security
Council may initiate, in accordance with the provisions of the
United Nations Charter, on the basis of the complaint received



by the Council. The Security Counci] shall inform the States
Parties to the Convention of the Tesults of the investigation.

Article Vil

Each State Party to the Convention undertakes to provide
or support assistance, in accordance with the United Nations
Charter, to any Party to the Convention which so requests, if
the Security Couneil decides that such Party has been exposed
to danger as a result of violation of this Convention.

Article VII

Nothing in this Convention shall be interpreted as in any
way lmiting or detracting from the obligations assurmed by
any State under the Protocoi for the Prohibition of the Use
in War of Asphyxiating, Poisonous or Other Gases, and of
Bacteriological Methods of Warfare sipned at Geaeva on
17 June 1925, as well as under the Convention on the Pro-
hibition of the Development, Production and Stockpiling of
Bacteriological (Biological) and Toxin Weapons and on their
Destruction.

Article 1X

(1) The States Parties to the Coaveation undertake to
facilitate, and have the right to participate in, the fullest
possible exchange of equipment, 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 cortributing individually or to-
gether with other States or international organizations to the
further development and application of scientific discoveries
in the field of chemistry for peaceful purposes.

(2) This Convention shall be implemented in a manner
designed to avoid hampering the economic of technological
development of States Parties to the Convention or interna-
tional co-operation in the field of peaceful chemical activities,
including the international exchange of chemical ageats and
equipment for the processing, use of production of chemical
agents for peaceful purposes in acordance with the provisions
of this Convention.

Article X

Any State Party may propose amendments to this Conven-
tion. Amendments shall enter into force for each State Party
accepting the amendments upon their accepiance by a majority
of the States Parties to the Convention and thereafter for
each remaining State Party on the date of acceptance by it of
the amendments.

Article XI

Five years after the entry into force of this Cornvention,
or earlier if it is reguested by a majority of Parties to the
Convention by submitting a proposal to this effect to the De-
positary Governments, a conference of States Parties to the
Convention shall be held at Geneva, Switzerland, to review
the operation of this Convention, with a view to assuring that
the purposes of the presamble and the provisions of the Con-
vention are being realized. Such review shali take into account
any new scientific and technological developments relevant to
this Convention.

Aricle X1I

(1) This Convention shall be of unlimited duration.

{2) Each State Party to this Convention shall in exercising
its mational sovereigaty have the right to withdraw from the
Convention if it decides that extraordinary events, related to
the subject matter of this Convention, have jeopardized the
supreme interests of its country. It shali give notice of such
withdrawal to all other States Parties to the Convention and
to the United Nations Security Council three months in ad-
vance. Such notices shall include a statement of the exira-
ordipary events it cegards as having jeopardized its supreme
interests.

Article XIII

(1) This Convention shall be open {0 all States for signa-
ture. Any State which does not sign the Convention before its
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entry into force in acordance with paragraph (3) of this
article may accede to it ot any time.

(2) This Convention shall be subject to ratification by
signatory States. Ipstruments of ratification and instruments
of accession shall be deposited with the Governments of
which are hereby designated the Depositary Governments.

(3) This Convention shall enter into force after the deposit
of the instruments of ratification by . Governments,
inciuding the Governments designated as Depositaries of the
Convention.

(4) For States whose ipsiruments of ratification or acces-
sion are deposited subsequent to the entry 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 Depositary Governments shall promptly inform
all signatory and acceding States of the date of each signa-
ture, the date of each imstrument of ratification or of acces-
sion and the date of the entry into force of this Convention,
and of the receipt of other notices.

(6) This Convention shall be repistered by the Depositary
Governments purstant to Article 102 of the Charter of the
Ugited Nations.

Article X1V

This Convention, the Chinese, English, French, Russian
and Spanish texts of which are equally authentic, shall be
deposited in the archives of the Depositary Governments.
Duly ceriified copies of this Convention shall be transmitted
by the Depositary Governmeats to the Governments of the
signatory and acceding States.

IN WITNESS WHEREOF the undersigned, duly authorized,
have signed this Convention.

DoNE N copies at this day of

6.

United Kingdom of Great Britsin and Nerthern Treland:
working paper oo seismic yields of underground expla-
stons—estimating yields of underground explosions from
amplitudes of scismic signals

[CCD/363/Rev.] of 25 April 1972]
[Original: English}

Definition of yield and magnitude

By making seismic measurements close to an explosion in
a previously calibrated area, the energy release (size) of the
explosion can be estimated. Such estimates of explosion size
are generally referred to as the “seismic” yield of the ex-
plosion and are expressed in terms oOf kilotons. Recent testi-
mony before the United States Joint Committee of the Atomic
Energy Commission suggests that yields of nuclear explosions
in the Nevada Test Site can be estimated from such measure-
ments to within 15 to 20 per cent of the yields estimated from
radie-chemical measurements,

In the context of the comprehensive nuclear test ban dis-
cussions, the Conference of the Committee on Disermament
has been concerned with the more difficuit problem of estimat-
ing vields of nuclear explosions from seismic waves which
have traversed uncalibrated paths of much greater length,
A brief recapitulation of the principles involved may be cop-
venient. A small part of the energy released by underground
explosions is converted to clastic energy and transmitted to
distant parts of the earth as seismic waves. From the ampli-
tudes of these waves, seismologists can determine a “sefsmic
magnitude” for the explosion using magnitude scales devised
1o mensure the relative size of earthquakes. The amplitudes
of the seismic waves cannot be used directly as a measure of
the size of a selsmic event because the recorded amplitude
depends on the distance of the recording station from the
explosion: in general, the greater the distance the smaller the
recorded signal. In computing the magnitude, a factor is ap-
plied to the recorded amplitude to correct for the effects of
distance, after which all recordisg stations ideally give the
same magnitude for a given event regardless of distance from
the source of the event.



in this working paper we discuss the relationship between
the seismic magnitude scales and explosion yields and dem-
onstrate some of the difficulties in arriving at a consistent
relationship, and hence in relating the detection and identifi-
cation thresholds, expressed as magnitudes, of a given record-
ing system to explosion yields.

When the comprebensive nuclear test ban discussions began
in 1958, the problem of estimating the relative sizes of earth-
quakes from recordings at distant stations already had 2 long
history of careful experimental work. The principal objective
of the research was the provision of universal distance factors
and the following section summarizes the development of
this work.

The seismmic magnitide scales

A scale for measuring the relative sizes of earthguakes was
initiated by Dr. Charles Richter at the Californian Institute
of Technology some 40 years ago. A local scale was developed
for use with events within 600 kilometres of recordiog sta-
tions, particularly in California, In order to eliminate sub-
jective assessments of size by affected populations. The seismic
magnitude scale is logarithmic, that is, differcoces in ampli-
tudes of 10 at a given station from events at similar distances
represent differences of ope magnitude unit in the size of the
events; the larger the number the greater is the size of the
event.

Richter's scale turned out to be more successful than bad
been expected, and attempls were made to extend #s usefulness
beyond the local seismic problems of California. With Dr.
B. Gutenberg, Richter attempted the task using the combined
surface waves recorded by two horizontal components. (in
those days, sensitive vertical component seismographs could
pot be built because of techpical problems concerned with
the length and stability of springs.) This still left out deep
focus earthquakes which do not gemerate such large surface
waves, so Gutenberg went a step further and created a mag-
nitude scale based on the amplitudes of long-peried (low
frequency) body waves, including, of courze, the first arriv-
ing P waves. The results of this work were published in 1545.
Finally, in 1956, Gutenberg and Richter published what is
called the unified scale which makes use of data from all
sources, including short-period P waves. The authors used the
term ms to identify unified magnitudes, and it is this scale
which Bas been in common use for comprehensive nuclear
test ban discussions since 1958 because for distant events more
data for short-period than for long-period P waves have been
available from the Benioff and Willmore vertical component
seismographs. In recent years, however, surface (Rayleigh)
wave data have been provided by more sensitive long-period
vertical component seismographs. The value of magoitudes
(M,) derived from them for discriminating between explo-
sions and earthguakes is well known. This paper demonstrates
that surface waves are also useful for estimating the yield
of explosions.

Data from small events located at preat distances were not
numerous in the early days of comprehensive nuclear {est ban
discussions and the various problems arising in these discus-
sions focused attention much more than before on the relative

relating the original magnitude scale for local events (which
included a sufficient number of small earthquakes) to the
unified scale (which did not) proved difficult to solve during
the lifetime of Technical Working Group II at Genmeva in
1959.26 I ong-period instruments sensitive enough to record
surface waves of such small events had not been developed at
the 4ime, and the Kirnos instruments of the Soviet Union,
though technically ideal for resolving inconsistencies in the
body-wave magnitude scales, detect only the larger distant
events above the seisinic noise which is also well recorded by
these seismographs. Some of the early difficulties encountered
in applying the unified, or as it is now called, the mu scale
to the detailed seismological problems of a comprehensive
puclear test ban remain unreselved inmsofar as intermationatl
agrecment is concerned, and an appendix is devoted to the
problem in the report of the Conference on Seismic Methods
for Monitoring Underground Explosions, published by the
Stockholm International Peace Rescarch Institute in 1968,

Specific examples of the problem insofar as it relates to
estimating seismic yield for explosions are provided below.
They are selected (a) from the United Kingdom studies, on
the well-documented explosions code-named Gasbuggy, Rulison
and Medeo, which were circulated by the United Kingdom
delegation o the Conference of the Committee on Disarma-
ment in August 1970 and (b) from the expiosion on Amchitka
Isiand in the Aleutians, two of which are equally well decu-
mented (for example in Atomic Weapons Research Establish-
ment reports 0-67/66 of October 1966, and 0-47/70 of August
1970}, and which provide a useful frame of reference over a
wider range of yields. No attempt is made to summarize the
whole of the m—yield data which has accumulated since
1958; this is the subject of a detailed analysis which is being
prepared for publication.

The curve which accompanies this paper (appendix A)
does, however, sumumarize the more consistent surface wave
magnitude (M.)-—yield data. The M, values plotted on this
curve have been measured in accordance with the recommen-
dations outlined in the Canadian working paper of Jurme 1971
{CCD/s327),20 and detailed in a technical paper soon to be
published in the Geophysical Journal of the Royal Astronom-~
ical Society, London. Some of the data on which the M,—
yield curve is based are presented in the technical paper at’
appendix B.

my—yield

Common sense would suggest that my values should increase
with increasing explosion yield. This idea can be demonstrated
experimentally when source to receiver paths are identical,
or neasly so, for successive explosions. Take for example the
three explosions on Amchitka Island in the Aleutians as re-
corded at Eskdalemuir in Scoiland. (Yield and mapnitude
vahies are rounded off to the nearest significant fipure in all
the following tables)

28 Group established by the Conference on the cessation of
nuclear weapons tests which met from 31 October 1958 to 29
Jamuary 1962,

20 Official Records of the Disarmament Comniission, Supple-

sizes and numbers of smaill seismic events. The problem of ment for 1971, document DC/234, appex C, sect. 9.

TABLE OF YIELDS AND MAGNITUDES FOR EXPLOSIONS ON AMCHITKA ISLAND
RECORDED AT ESKDALEMUIR

Relative size from Seismic mognitude

Yield Yield seismic amplitudes of Erldalemuir
Esplosion (kilotons} ratio at Eskdalemuir (my)
Longshot 100 1 | 6.2
Milrow . . 1000 10 25 6.6
Canmikin =~ . ... 5000 50 5 6.9

1t might alse be expected that the seismic amplitudes would increase in the same ratio
as the yields, but this is manifestiy mot true for the Amchitka to Eskdalemuir path for the
observed range of yields.

Nevertheless the result fulfils expectations more closely than the following example of
two explosions separated by 300 km on the same contitent, which were also recorded at
Eskdalemuir.
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TABLE OF YIELDS AND MAGNITUDES FOR GASBUGGY AND

RurisoN

RECORDED AT ESEDALEMUR

Relative size from

seismic amplitades Seismic magnitude

Vieid Vield at Eskdalemusir ot Eskdalemuir
wpiosion (kilotans} ratio (Corrected for distance} {m,}
Gasbuggy
(New Mexico) 26 1 1 (4 5.3
Rulison
{Colorado} 40 1% 0.25 (1) 4.7

On the face of it, the smaller explosion has given the
larger sefsmic signal, A special study by the United Kingdom
of the signal amplitudes recorded by distant {teleseismic)
stations and omitting the close-in stations of North America
confirms that the resuit is not a peculinrity of Eskdalemuir:

the average figures are, for Gasbuggy, ms 5.0 and for Rulison
my 4.9,

The pext example i5s even more remarkable. It compares
readings at Eskdalemuir of Rulison in the United States with
two chemical explosions (Medeo) in the Alma Ata region of
the Soviet Union.

TABLE OF VIELDS AND MAGNITUDES FOR RULISON AND MEDEO
RECORDED AT ESKDALEMUIR

Relative size from

seismic amplitudes Spismic mupnitude

Yield Yield at Eshdalemuir at Eskdalemuir
Explosion (kilotons} ratio (Corrected for distance) {my}
Rulison 40 24 1 4.7
Medeo 1
(chemical) 1.7 1 2 50
Medeo 2 3.6 2 3 52

The relative size of Medeo 1 as estimated from seismic
amplitudes was double that of the explosion which was 24
times more powerful.

These are well documented and accurately made observa-
tions which canpot be disputed. Since they were made in the
real world, the observations must have rational explanations.
The explanations, however, are in dispute and have been the
subject of much debate in recent years. Some possible expla-
nations are listed in the following paragraphs, but no attempt
is made to arrive at degrees of plausibility or privrity, por 0
make detailed quantitative assessments, These topics are being
dealt with at length in the detailed study referred to earlier.

Discussion of mw—yield anomalies

Along with mest seismograph systems Bskdalemuir was de-
signed to detect the characteristic band of frequencies in which
the seismic emergy of small events is radiated. The centre point
of this band moves towards lower frequencies as the size of
explosions increases, apd becanse for an explosion of one
megaton the centre point of the radiated energy lies on a dif-
ferent part of the sensitivity curve than for ome of 1 kilotom,
the recorded amplitudes may be that much smabler. {The
analogy of radiation from the sun is opposite: the human eye
cannot perceive beyond the ultraviolet and infra-red ends of
the lght specttum.) The importance of the effect for esti-
mating magnitude {m,) of explosions may be uncertain, but
its effect in assessing the relative sizes of larger earthquakes
is obvious when comparing the mn values of “standard”
(WWSSN) statiops with those of the wide band Kirnos in-
struments of the Soviet Union. The Kirnos also records a great
denl of earth moise and has consequently been held to be less
useful since the comprehensive nuclear test ban discussion
stimulated efforts for the detection of ever smaller events and
thereby pushed research teams into recording two narrow sati-
ples of the total seismic spectrum. Nowadays there is a much
greater understanding of the structure of earth noise, and the
means for reducing its effects, and a new look might with
advantage be taken at the Kirnos type system, for discrimina-
tion problems as well as those of mapritude and yield.

Another source of the observed apomalies may be due to
differences in coupling efficiency. The Committee is already
aware that media in which puclear explosives are emplaced
can affect the size of the P-wave sipnals by factors of 10 or
more when comparing coupling efficiency in dry alluvium
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with that of a massive rock like gramite, in the case of Gas-
puggy and Rulison the rocks are shale and sandstone {see
AWRE report 0-46/70), which, though very different types of
rock, are seismically not so different from each other as are
dry alluvium and gramite. The Medeo explosions were de-
signed to move earth rather than generate seismic emergy,
and were thersfore incompietely contained; and though that
gives the results an even more extraordinary aspect, it must
be said that the more slowly teacting chemical explosions are
more efficient generators of seismic energy than are nuclear
explosions; only a factor of about 2 or 3 has ever been
sugpested, however.

The amplitude of short-period P waves is also seasitive to
source depth. The depths at which Gasbugey (1,300 metres)
and Rulison (2,574 metres) were buried are unusually large
for the yields involved because the experiments were designed
for the purpose of improving the flow of natural gas in strata
at those depths. (For weapon tests, i is necessary {0 bury the
device only to a depth sufficient for containment of radio-
active debris.) This depth would have the effect of increasing
the seismic coupling efficiency, but would tend to separate
the surface-refiected signal away from the direct signal. This
would be particularly true of Rulison, for which the surface
reflection can be clearly observed arriving some one and a
half seconds after the direct P wave at Eskdalemuir (figures
2 and 3, AWRE report 046/70). In the case of Gagbuggy
(and oM nuclear weapon tests of zimilar size which were
buried ot shallower depths) the surface reflection adds to the
direct signal and can thereby double the amplitude of the
direct signal. The yields of weapons such as Milrow and Can-
nikin, however, are so large that the depths for foll contain-
ment of the debris are sufficient to separate the reflected and
direct signals, and the magnitudes of both these events may
thereby be under-estimated relative to Longshot; factors nearer
to 2 than to 10 are involived.

However, possibly the most important cause of mw anom-
alles has been revealed in the last 12 montbs by studies in
the United Kingdom, which indicate that there are deep-
seated geological structures, in areas which are associated
with earthquake belts and with mountain ranges, having a
greater capacity for absorbing high frequency seismic emnergy
{short-periad P waves) than the ocean flopr and those ancient
blocks in the interior of continents known as shields. Such
structures may also cause the P-wave radiation to take two



or more paths (multi-pathing) just different enough to cause
the signals to interfere ope with the other at the recording
stations. By means of computers, models of these possible
structures have been designed and the passage of selsmic sig-
nals in them have been studied. The results do suggest that
the geophysical causes of the more extracrdinary anomalies
may be found to upderlic seismic and recently seismic areas.
As explosion seismologists develop techniques for using larger
chemical explosions for the study of earth structure, more
evidence accumulates to illustrate the effects because the
detonations are often in stable, aseismic areas., The most
recent example, an explosion of 10 tons in the North Sea,
was reported in the journal Nature as having been recorded
as far away as Brasilia and Brisbane, and was given a seismic
magnitude of m, 4.8 at Vinta Basin in Utah, The United
Kingdom studies predict that explosions in continental shield
areas recorded by stations on shields will be assigned mw
magnitudes some two units preater thap yecordings of the
same yield on seismic area to seismic area paths. When the
Soviet Union releases more yields of explosions, great progress
in this field of research will be possible because of the variety
of geologic structures and seismicity in that country.

But, whatever the explanation, the observations of my are
a matter for concern since one conclusion to which they lead is
that it is at present almost impossible to estimate the relative
gsize of explosions from ms unless they are fired at ome site
and compared at one station. This is a very serious constraint
in the context of a comprehensive nuclear test ban, Whether
for counting numbers of earthquakes at a given yield equiva-
lent, or for defining magnitude yield thresholds, a method
for estimating the relative sizes of earthquakes and explosions,
muich less sensitive o source, path, and receiver and which
provides for easily evalvated path corrections, is highly
desirable.

In recent years the United Kingdom has therefore devoted
some effort to the study of this problem. The successful de-
velopment of sensitive long-perfod vertical seismographs by
the United States has made possible the accumuiation of
surface-wave data of small events. The principal impact of
these data has, of course, been on the mw : M, criterion for
discrimipating between earthquakes and eaplosions but the
United Kingdom has taken another look at the use of surface-
wave magnitudes (M.} for estimating yield, and the principal
results of this study are reviewed in the final paragraphs of
this paper.

M—yield

What has always been attractive about using surface waves
for estimating relative size is firstly, that the much larger
wave lenpgths make them less sensitive to the vagaries of
geolopic structure, so that gross path corrections can be ap-
plied on a continent-wide basis (as was amply demonstrated in
the Canadian working paper) and secondly, that the frequen-
cies of the recorded signals fall within the usual recording
band of frequencies of long-period seismographs over a much
greater range of yield than is the case for the P signals re-
corded by high-gain short-period seismographs. Surface-wave
magnitudes are also preferred because seismographs in the
Soviet Union provide almost ideptical M, values to those
estimated elsewhere. The difficulty in the use of M, has been
that surface waves were recorded only from relatively large
events.

The foliowing table gives the surface-wave magnitude-yield
comparisons for the set of explosions which have been looked
at earlier when considering the my—yield relationship. The
Medeo explosions canpet be included becavse no surface
waves from them have been detected outside the Soviet Union.
The surface-wave magnitudes have been determined in ac-
cordance with the recommendations of the Capadian working
paper.

TABLE OF YIELDS AND MAGNITUDES (M.) FOR UNDERGROUND EXPLOSIONS
v rHE UNIiep STATES

Relative size from
seismic ampliludes

distance and poil

{eorrected for
Awverage

Explosion {kg;ﬂgt.r) i:f:lg azgég}'{;g?ja seismic mfg";f"dv
Gasbuggy oo . 26 1 1 3.4
Rulison .. . 40 1A 1.6 ie
Longshot .. 100 4 5 41
Milrow .. 1000 40 60 52
Cannikin . 5000 200 200 57

It is immediately obvious that the M, values are much more
consistent over the whole range of yields than any of the mw
values listed in the earlier tables, not only in relation to yield,
but also from site to site. This very satisfactory result has
been confirmed by detailed analysis of all the surface-wave
data available to the United Kingdom from explosions for
which the vields bave been announced, by France, the Soviet
Union and the United States.

The attached curve at appendix A summarizes the analysis.
For completeness, the M,—yield theoretical curve for atmos-
pheric explosions is also summarized. The theoretical basis
for the curve was published in AWRE report 088/70 of
November 1970 and is of special interest at lower yields (less
than 50 kilotons) becanse it apples also to underground ex-
piosions in dry alluviam or other unconsolidated rocks. The
curve for underground explosions applies to containment in
any consolidated rock, in any part of the world, The dotted
lines, which bracket the solid, show the maximum scatter of
the observations used in the analysis. The release of more
yield daia, together with more refined path corrections, is ex-
pected to decrease the width of the error bands.
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These curves are mow used by the United Kingdom for
obtaining the best estimates of seismic yield Low-yield ex-
plosions, for which surface waves are not detected, must still
be estimated from mw with all their inherent uncertainties, but
explosions as small as 5 kilotons have provided surface-wave
records from the closer stations. As more surface-wave data
are released, and better long-period stations are deployed, the
limit of the method will be established, and this limit is also
of interest as represeating the technical threshold for dis-
crimination by the my : M, criterion.

In using the curves, delegations may find it interesting to
make estimates of yield from M, values provided by their
pational stations or by world data centres. The path correc-
tions will be found in the technical paper on which the
Canadian working paper is based. As an example on which to
conclude, the following estimates of the yields of some of the
jarger underpround explosions, which have occurred at each of
the world's principal nuclear test sites, are estimated from the
path corrected world average M, values, and the recommended
M.—vield relationship.



Yipld estimates

Auwerage, path rom curve, or

Site Explosion corrected M, log ¥ = M, -2 (kiloton}
Sahara e enn . Saphir 4.1 125
Kazakh . . ....... 13 Pebruary 1966 4.4 250
Nevada . ... .... Greeley 51 1250
Nevada ..v...... Benham 5.1 1250
Novaya Zemlya ... .. 14 October 1970 51 1250
Novaya Zemlya . 27 September 1971 51 1250
Aleutian  Islands . Milrow 52 1600
Aleutian Islands . Cannikin 5.7 5000
Appendix 4
SUREACE 'WAVE MAGNITUDE-YIELD CURVE
60
s
v ’l;ﬁ-’
e //‘3\5
A 1
N \ch/ P d
P on e
P o
S §
I'd S -~ -
- il - Ve
s P s -
50 o
// P e J
. P ~ . /@-;O P -~
= e re - e_(\c’ -
- A P T
" - - tf°° -
3 Z s k> dihd
3 - 4 P
= e / ' // r e
S A P v P
-
z s - Jig i il
B - e - s
=240 - .
g 4 e e d
= -~ 1
2 - ¢ e
// / e - y
et // pd A
/'/ / g / e ]
Vs < - e
e < L7 -
7 e /( A
30} < R P
7 21 7 -
- Ve " d
e L by -
,/ / e - 4 //
2 // Z i
1 k'ton 2 5 14 k'ton 20 50 100 k"ton 200 500 | Mtan 2 8 10" M:on
Yield
Appendix B consolidated rock (tuff, salt, granite, andesite and sandstone)

SURFACE WAVES FROM UNDERGROUND EXPLOSIONS

{Reprinted from Narture, Vol. 234, No. 5323,
§ November 1971)

Several authors$? have published data on the surface wave
magpitude (M.) and yield (Y} for underground explosions
at test sites in Morth America. Figure 1 shows the dependence
of M. on yield for all fest sites for which we could obtain
explosion vield data. The details of the explosions are given
in table 1. From figure 1 it is clear that for explosions in

30D, E. Wagner, in “Nuclear Yields From Rayleigh Waves”,
Annnal Technical Report No. 1, AFCRIL-70-0582 (IJepartment
of Earth and Atmospberic Sciences, 5t. Louis University), and
1. F. Evernden and J. Filson, in Journal of Geophysical Re-
search, 1971, vol. 76, p. 3303,

al! the observations lie close to the line Mo = log Y 4 2.0
for yields from 4 K'ton to 1,300 X'ton. Only for Discus
Thrower and Duryea does the observed value of M. deviate
by more than 0.3 magnitude upits from this line, so only for
these expiosions would the yield estimated from M. differ
by more than a factor of 2 from the published vield. For
explosiops in unconsolidated rock (atluvium) the curve of M,
against vield seems to be more like M. = log ¥ + 1.0, at
feast for yields less than 100 k'ton, but more datz are required
to define thig curve. The M, values plotted in Figure 1 are
means of individual station determinations of M,, each of
which is corrected for deviations of the sonrce to receiver
path from an average path. After correction, the standard devi-
ation {SD} of an observation for a given explosion is usuatly
.25 magnitude units and the SD on the mean value of M, is
about 0.1, Corrections are applied for the effect of the path
on the propagation of surface waves of different periods. Over
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Figure 1

Surface wave magnitude (M,)
against yield (k'ton) for explosions in various parts of the world

short paths in North America, for example, the large amplitnde
pulse-like arrival observed on wide-band long-period instru-
menis is made up of period components close to a minimum
value in the group velocity curve. This apparent large ampii-
tude is due to the path and not to the source; the path effect
can be estimated as a function of frequency and a correction
determined (P. D. M. and P. Basham, to be published). It
should be pointed out that path corrections are significant only
for short trapsmission paths over which there is little dis-
persion. ¥ these transmission path corrections are not applied,
the data do not display a consistent relationship between M.
and yield when data from different test sites are combined.

Theoretical curves of M, against yield computed using the
theory described by MudsonS! and using the explosion source
functions of Haskell32 are also shown in fizure 1. These theore-
tical compuiations have also been corrected to an average crost.
For consolidated rocks, the fit of the computed curve with the
cbservations is very good; for unconsolidated rocks the pre-
dicted valze of M, for a given yield seems to be rather low.
(Theoretical predictions were only made up to 30 k'ton in uncon-
solidated rocks because this is approximately the maximum
yield for containment in a surface layer of alluvium 0.5 km
thick—the depth of the alluvium layer in the crustal model
of the Nevada Test Site. )33

From the data presented in figure 1 we conclude that, pro-
vided one assumes that explosions at any location have been
fired in consclidated rock, yields can usually be estimated to
within a factor of two. This is a great improvement on routine
calculations uvsing body wave magpitude. For example, the
body wave magnitudes (m,) of the Medeo explosions (1.6
k'ton and 3.7 X'ton chemical explosions) were 5.0 and 5.2

31 8ee Geophysical Journal, Royval Astropnomical Society,
1969, vol. 18, pp. 233 and 353,

32 See Journal of Geophysical Research, 1967, vol. 72,
p. 2583,

38 G. C. Werth and R. F. Herbst, Journal of Geophysical
Research, 1963, vol. 68, p. 1463,
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respectively at Eskdalemuir (EKA)34 whereas the value of m,
for the 40 k'ton Rulison explosion in Colorado was found to be
4.7 at EKA 36 Figure I also shows that the use of the m, ¢ M,
criteriond® to identify explosions at the teleseismic detection
limit of M. ~ 2:5 implies yields of about 40 kK'ton in dry allu-
vium and 3 k'ton in consolidated rock, Long period arrays on
low-noise sites are tequired to record such low magaitudes at
distances greater than 15 degrees from the firing site.

P. D. Marsiatl.

A. Doucras

United Kingdom Atomic Energy Authority,
Blacknest, Brimpton, Reading

1. A, HupsonN

Department of Applied Mathematics
and Theoretical Physics,

University of Cambridge

7.

Letter dated 20 June 1972 from the representalives of Aus-
tralian and New Zealond 1o the Special Representative

of the Secretary-General of the United Nations to the
Conference

[CCD/364 of 20 June 19721
{Original: English]

We have the hopour to enclose a joint message dated 20
June 1972, from the Prime Ministers of Australia and New
Zealand, who are at present meeting in Canberra, concerning the

8¢ P D, Marshall, “Some Seismic Results of the MEDEO
Explosions in the Alma Ata Region of the USSR", Atomic
Weapons Research Establishment Report No. 033/70, London,
H. M. Stationery Office, 1570.

85, T, Corbishley, “Some Seismic Results of the US
GASBUGGY and RULISON Underground Nuclear Explo-
sions™, Atomic Weapons Research Establishment Report No.
046/70, London, H.M. Stationery Qffice, 1970.

88 Seismic Methods for Monitoring Underground Explosions,
SIPRI, Stockholm, Almgvist and Wiksell, 1969,



Tasre 1. DETAILS OF SOME UNDERGROUND EXPLOSIONS

Event No. Date Name Region Medium Yield(k'ton}
1 April 14, 1565 Palanquin Nevada Rhvolite 4.3
2. . February 15, 1962 Hardhat Nevada Granite 4.8
3 October 22, 1564 Salmon Mississippi Salt 532
4 October 26, 1963 Shoal Nevada Granite 12.28
5, November 5, 1964 Handcar Nevada Dolomite 12 o
[ December 3, 1961 Fisher Nevada Alluvinm 13.5a
7 . February 24, 1966 Rex Nevada Tuff 16 a
8 . September 30, 1966 Bukhara I Bukhara Clay 30 2
9 May 27, 1966 Discus Thrower Nevada Tuff 21 o
10 December 10, 1967 Gasbuggy New Mexico Shale 29 8
11 October 9, 1964 Par Nevada Allpviem ig o
1z September 10, 1969 Rulison Colorado Shale 40 o
13 June 27, 1962 Haymaker Nevada Alluviem 45.51
14 June 2, 1966 Pitedriver Nevada Granite 56 &
15 April 14, 1966 Duryes Nevada Rhyolite 65 =
16 May 6, 1866 Chartreuse Nevada Rhyolite 70 =
17 .. May 26, 1967 Knicker Nevada Tuff 71 2

Bocker
18 October 29, 1965 L ongshot Aleutians Andesite 85 a
19 C July 6, 1562 Sedan Nevada Alluvium 100 ®
20 Japnuary 15, 1965 Kazakh Kazakh Sandstone 125 ¢

21 .February 27, 1965 Saphir Algeria Granite 135 d
22 . May 23, 1967 Scotch Nevada Tuff 150 o
23 . September 13, 1963 Bilby Nevada Tuff 250 a
24 . Jupme 30, 1966 Half Beak Nevada Rhyolite 300 2
25, . December 20, 1966 Greeley Nevada Tuff 825 =
26 December 19, 1968 Benham Nevada Tuff 1,100 =&
27 April 26, 1968 Box Car Nevada Tuff/Rhyolite 1,200 =
28 Qctober 2, 1969 Milrow Aleutians Lava 1,200 e
29 March 26, 1970 Handley Nevada Mesa 1,200 e
30 . May 1, 1962 Beryl Algeria Granite 82 2
31 . May 21, 1968 Bukhbara I Bukhara Salt 47 ¢

s G. H. Higpins, Lawrence Radiation Laboratory Report,
UCRL-50853, 1970,

b Vela "Uniform"” Information Digest, No, 11, p. 2.

¢ New Scientist, 19 May 1966, 437, and G. C. Werth, Law-
rence Radiation Laboratory Report, UCRL-72573.

d Seismic Method of Monitoring Underground Explosions,
SIPRI, Stockholm, Almgvist and Wiksell, 1963.

¢ Press reports.

imminent series of atmaspheric tests of nuclear weapons in
the South Pacific. We have been requested to pass this message
to you for urgent transmission to the Co-Chairman of the
Conference of the Committee on Disarmament.

(Signedy H. M. LOvVEDAY

Permanent Representative of Australia
to the United Nations at Geneva

B. 5. LENDRUM

Permanent Representative of New Zealand
to the United Nations at Geneva

MESSAGE FROM IHE PriME MINISTERS OF
AUSTRALIA AND NEW ZEALAND

Upon the resumption of the meetings of the Conference of
the Committes on Disarmament, it is a matter of the deepest
regret that it should prove necessary for the Australian and
New Zealand Prime Ministers, meeting in Canberra, to address
themselves to you to express their joint protest that a further
series of atmospheric tests of nuclear weapons should be
jmminent in the South Pacific. The Government of France
must bear the full responsibility for the decision which it has
apparently taken to proceed with such tests. It does so contrary

28

tPress reports and Practical Aspects of Applications of
Contained Peaceful Nuclear Explosions for Industrial Purposes
(IAEA Panel, Vienna, 1971), translated by W. E. Jones,
Atomic Weapons Research Establishment translation, No. 63,
London, H M. Stationery Office, 1971.

g1. P. Pasechnik, The Characteristics of Seismic Waves from
Il\gficgear Explosions and Farthquakes, Moscow, NAUKA,

to the appeals made to it by many Pacific countries, contrary
to the urging of the General Assembly and contrary to the
recent call by the United Nations Conference on the Human
Environment, heid at Stockholm, which has especially con-
demmned those tests carried out in the atmosphere

Tke Australian and New Zealand Governments, reflecting
the grave conccern felt throughout their communities ard
conscious that the problem of atmospheric tfesting in their
region is only part of a broader problem, recalling their
support at the United Nations Gereral Assembly in Novem-
ber 1971 for resolution 2828 C (XXVI) which stressed the
urgency of briaging to a halt all nuclear weapon testing in all
environments by all States, call jointly on the Conference of
the Commitiee on Disarmament to continue to accord high
priotity to the question of ihe urgent need for the suspension
of such tests and the formulation of a comprehensive test
ban treaty.

We should be gratefvl if you would take steps to arrange
for this message to be circulated as an official document of
the Conference of the Committee on Disarmament.

(Signed) William McMatoN
Prime Minister of Australia

T. B, MarsHAIL
Prime Minister of New Zealand



8.

United States of America: working paper on deflinitions of
controfled substances

[CCD/365 of 26 June 1972]
LOriginal: English]

In the work programme regarding negotiations on prohibi-
tion of chemical weapons (see sect. 4 above) the United
States delegation set forth several general criteria which
might be useful in defining substances that conld be used for
chemical warfare. This paper presents more detailed informa-
tion on these criteria and discusses some of the advantapges
and disadvantages of each. It deals specifically with the prin-
cipal known single and dual purpose lethal agents, their mode
of action, and how they might be defined.

Single purpose agents

The super toxic single purpose chemical agents commonly
discussed, such as VX and GB, are organophosphorus com-
pounds. Another class of compounds which includes super
toxic chemicals with potential utility as chemical warfare
agents is the carbamates. These two types of chemicals are
commonly called nerve agents because they act by disrupting
the pervous system. Compounds related to “mustard gas”,
althouph less toxic in general than the organophosphorus and
carbamate compounds, comprise a third group of poteatial
single purpose agents.

Nerve agents
Mechanism of action

The very high toxicity of many organophosphorus and
carbamate compounds is due to their ability to interfere with
certain enzymes of the nervous system, giving rise to the
term “nerve agents”. An enzyme is a substance which acis
in the body as a catalyst in promoting specific chemical reac-
tions. One of the most important enzymes affected by nerve
agents is acetylcholinesterase, which plays an important role
in comrolling muscle movements.

At certain points in the nervous system there are gaps in
the electrical patbway along which signals travel. A chemical
substance, acetylcholine, is used to transmit the signals across
the junction. When an electrical signal reaches one side of
the junction, acetylcholine js released. This substance moves
across the junction and activates muscle or nerve cells on the
other side. After sufficient activation bas taken place, the
acetyleholinesterase present nearby in the body destroys the
built-up acetylchaline,

‘When nerve agents enter the body, they react with enzyme
molecules, thereby blocking the catalytic action of the en-
zyme. Acetylcholine then begins to build up in all the muscles
because the supply of effective enzyme has been depleted.
Since the body provides no other means for stopping the
activation process, the muscles remain “switched on” and can-
not be “switched off”. All the muscles—even those pulling in
opposite directions—try to contract. The result is that all co-
ordinated action is lost and the muscles go into a state of
vibration (fibrillation) and then become paralysed. This
applies not only to the muscles of the arms and legs, for
instance, but also to those that control respiration. The cause
of death is usvally asphyxiation following paralysis of the
respiratory muscles.

Structural formulae for nerve agents

Since organophosphorus and carbamate nerve agents exert
their toxic effect by blocking the action of acetylcholinesterase,
there is a strong correlation between the toxicity of a merve
agent and its inhibitory effect on this enzyme. As a result of
studies of the functioning of acetylcholinesterase, there is
considerable information available on the structural features
which would make a compound an effective nerve agent and
therefore of potential utility as a lethal chemical warfare
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agent. This informatiom can be summarized in structural
formulae which describe the spectrum of erganophosphorus
and carbamate compounds which are most likely to be de-
veloped as lethal agents {see appendix A).

All supertoxic organophosphorus and carbamate compounds
krown to us could be described by two gemeral structural
formuize. This definition would be relatively simple and yet
would cover the two classes of compounds which currently
appear to have the greatest potential for use as lethal agents.
However, the structural formulae would not be applicable to
all supertoxic compounds, especially those which may be
discovered in the future, Using this broad criterion, it would
not be possible to separate completely compounds which have
peaceful uses from those useful only in warfare. Finally, the
chemical compounds of binary weapons would not be cov-
ered under this criterion.

Mustard-type compounds
Mechanism of action

B-halogenated suiphides (sulphur mustards) and pg-halo-
penated amines {nitrogen mustards) form a third category of
potential single purpose lethal agents. A typical representa-
tive of this group is bis-(2-chlorcethyl) sulphide, the “mustard
gas” which was used in large quantities in the First World
War. The mustards act first as a cell irritant and then as a cell
poison on all tissue surfaces contacted. The exact mechanism
of the toxic action is not well understood. However, mustard-
type compounds are known to react with certain nitrogen
atoms present in nucleic acids. The physiological action of
mustard compounds resembles fo some extent the action of
ionizing radiation in changing the function and structure of
cells. For this reason some uitrogen mustards have been used
in cancer treatment.

Structural formulae for mustard-type compounds
The formaulae shown below might be used to describe the
sulphur and nitrogen mustards:

sulphur mustards: R-~ § —CHy— CH,—Cl

nifrogen mustards: R~
R

R and R’ = substituted or unsubstituted aliphatic and
aromatic groups. As already noted, many of the nitrogen
mustards have small-scale medical and peaceful research
uses. It does not appear possible to develop a structural
formula which would refer only to those mustards which
would be vseful only as chemical warfare agents.

N— CH,~ CH,— Cl

Toxicity limit
A key feature of modern agenmts is their extraordinarily
high toxicity to humans and other mammals. Chemicals used
widely in the civilian sector are much less toxic in general.
As several delegations have soggested, a foxicity limit might
be useful as ope criterion for defining chemical substances
which are potential chemical warfare agents.

A criterion based on a toxicity limit would have the ad-
vantage of being directly related to the potential danger
from a particular substance. Furthermore, determinations of
toxicity are already routinely conducted in laboratories in
many countries. This technique is used especially in con-
nexion with development of new drugs and insecticides.

However, laboratory procedures for toxicity defermination
are not uniform from country to country—or even within a
single country. Accurate, reproducible toxicity values cam be
obtained only if the testing procedure and form of presentia-
tion of results are very carefully specified in advance.

A toxicity standard would be applicable to known super-
toxic substances or any supertoxic substance discovered in
the future. However, it would probably not apply to mustard-
type compounds, dual purpose agents, and compomnenis of
binary weapops since these substances are comparable in
toxicity to many chemicals used exclusively for peaceful in-
dustrial purposes.



List of known agents and precursors

A comprehensive list of konown single purpose agents and
precursors by name and struetural formula is likely to in-
clude most of the apents currently in natiomal arsepals and
their precursors. Chernicals which are likely to be significant
components of binary weapons might also be placed on such
a list. The names and formulae of a number of known single
purpose agents and precursors are given in appendix B,
Those that are presently stockpiled by the United States are
marked with an asterisk.

At present it is not possible to be certain if all the major
agents in the arsenals of States or under development would
appear in a list of this type. Furthermore, a definition based
solely on a list of known agents could be circumvented by a
slight modification of the structure of an agent on the list
or by development of a new type of supertoxic agent.

Purpose criterion

A general criterion, such as that in the biological weapons
Convention, 7 which prohibits agents “of types and in quan-
tities that have no justification for prophylactic, protective
or other peaceful purposes”, would provide the simplest and
most comprehensive definition. In contrast to definitions based
on structural formulae or toxicity, a purpose criterion would
be applicable to binary-weapon components. Without some
specific technical puidelines, however, difficulties could arise
in applying such a criterion in some situations.

Dual purpose agents

The most widely discussed lethal agents which are also
wsed on a large scale for peaceful purposes are chlorine,
phosgene, hydrogen cyanide and cyanogen chloride. Each
of these dual purpose chemicals was used as a lethal chem-
jeal agent in the First World War.

Mechanism of action

Chlorine and phosgene are lung irritants which exert their
toxic effect by damaging the breathing mechanism. Phaosgene,
for example, injures the capillaries in the lungs and leads
to seepage of watery fluid into the air sacs. When a lethal
amount of agent is received, the alr sacks become so flooded
that air is excluded ard the victim dies from lack of suffi-
cient oxygen.

Hydrogen cyanide and cyanogen chloride affect bodily func-
tions by inhibiting the enzyme cytochrome oxidase, thus pre-
venting the pormal utilization of oxygen by the body tissues,
Oxygen starvation occurs in the cells and tissues very gquickly.
Denth occurs as a result of paralysis of the respiratory centre
in the brain which controls the merves involved in breathing
and through circulatory failure,

Possible definitions

The agents in the dual purpose calegory are relatively
few in number and possess diverse chemical structures. Neither
& toxicity limit nor a structural formula would appear to be
useful in delimiting possible dual purpose agents.

However, the dual purpose agents which were used in the
First World War or bave been developed since then are gen-
erally well known. For this reason a tist of known dual pur-
pose agents would most probably include all which are now
or have been in the arsenals of States.

Among the compounds which might be included in such a
list are those piven below:

87 Convention on the Prohibition of the Development, Pro-
duction and Stockpiling of Bacteriological (Biological) and
Toxin Weapons and Their Destruction (General Assembly
resolution 2826 (XXVI), anpex ).
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chlorine . .... ............ Cly
i ’

phosgese . ... .. ........... CLCCl
hydrogen cyanide ... ..... HCN
chloropicrin Cl,C-NO,
cyanogen chloride CI-CN
irichloromethyl (ﬁ)

chloroformate CiL,C0-CCl

. ]
diisopropyl fluorophosphate F-P—(O-is0-CH; ) o

In th_e area of _duai purpose mpents it mipht be desirable
to consider a definition based on a purpose criterion and a list
of kpown dual purpose agents.

Appendix 4
POSSIBLE STRUCTURAL FORMULAE FOR NERVE AGENTS
1. Organophosphorus compounds

The gemeral structure formula for potential organophos-
phorus agents proposed by the Netherlands in CCI/32038
45 shown below

R-v—m—Y\ /Z
/P/
P \

R’ X

in which:

Y == Qors

Z=00o0 8

X

= F, CN, N,, SR”, S(CH,),SR", S(CH,),5+*(R"),,
S(CH,) N(R"),, S(CH,) ,N'(R"),

R = {(substituted} alkyl, cycloalkyl or hydrogen

R’ = Alky), dialkylamino

R" = Alkyl
would describe the great majority of organophosphorus com-
pounds known fo be potent inhibitors of acetylcholinesterase

and at the same time would exclude compounds which cur-
rently have important peaceful uses.

“This definition appears at first to be very broad, but on
review it is apparent that at least one type of supertoxic
compound, 0,0-dialkyl S-alkyl phosphorothiolates, shown
below,

R O
\

P
O/ \S

in which R, R" = (Substituted) aikyl, cycloalkyl

O

R

Ri

would not be covered. Included in this group are 2-(diethoxy-
phosphinylthio)-thiocholine salts, 2-(diethoxyphosphinyithio)
ethyldiethylsulfonium salts and analogous compounds.

This type of compound would be accommodated if the
definition of R’ (in the formula in the Netherlands document)
were changed so that R’ = alkyl, dialkylamino, alkoxy.

88 Official Records of the Disarmament Commission, Supple-
ment for 1971, document DC/234, annex C, sect, 3.



Another featwre of the formula in the Netherlands docu-
ment is that it would describe only those types of orpano-
phosphorus compounds whose toxicity has already been de-
termined.

A more general expression for potential organophosphorus
nerve agents can be provided by the general formula:

A
1
B—P —C
D
in which:
A=0B8, S

and B, C, D may be any atom or group of atoms.

This definition would include all compounds covered by the
Netherlands general formula, O,0-dialkyl S-alkyl phosphor-
othiolates and all supertoxic organophosphorus compounds
which may be developed in the future, However, many of
the compounds included under the second formula above
would not be supertoxic; some would have important civilian
uses.

2. Carbamates

The carbamates are another class of chemicals from
which extraordinary toxic compounds with potential utility
as chemical warfare agents might be developed. Although

carbamates do not contain a phosphorus atom, they function
as nerve agents in much the same fashion as organophosphorus
o]

compounds, the carbamate group (~0~C'3|~N <), which is the
characteristic structural feature of this class of compounds,
contains the very common elements carbon, npitrogen, oxygen,
and (often) hydrogen.

A separate formula, in addition to the one for organophos-
phorus compounds, would be needed to cover carbamates. The
general formnla below would describe a spectrum as com-
plete as possible of supertoxic carbamatz compounds:

N
N C OR"
Rf
in which:
R == hydrogen, alkyl R’ == alkyl

R” = any alkyl or aryl group

Here again, many compounds not sufficiently toxic to be
potential chemical warfare agents would be included, among
them some compounds used in the civilian sector. It does not
appear possible to design a general structural formula for
carbamates which would include only the supertoxic carba-
mates.

Appendix B

SINGLE PURPOSE LETHAL AGENTS AND PRECURSORS

Common Nume Chemical Name

Structural Formuls

A. Nerve agenis:

1. Tabun, GA Ethyl N,N-dimethyl-
phosphoramidocy-

anidate

2. Sarin, GB*

phonofluoridate

3. Soman, GD
methylphosphono-
fluoridate

4. BEthyl Sarin, GE .. Isopropyl ethylphos-

phonofluoridate

phonofinoridate
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Isopropy!l methylphos-

1,2,2-Trimethylpropyl

Cyclohexyl methylphos-

0
I

C,H;O-P -N(CH,),

CN

0

| e
CH,¥? --O-CH,

) CH,

0

I C(CH,
CH,P -O-CH

L cH,

0

” /CH,;
C,H-P «0-CH

N
CH,

F

0

I CHCH,
CH,P +O-CH CH,

1 CHQ-CHQ/

F



Appendiz B (comtinued)

Common Nome Chemical Name

Structural Forntla

6 VE ............ O-Ethyl §2 diethyla- 9 cH
minoethyl ethylphos- “ 255
phonothioclate C.H.P. =S-CH,-CH,-N

2136 2 2 \
| CuH,
OC,H;

7. Amiton, VG ... 0,0-Diethyl S-2-diethyl- 0
amincethyl phosphor- ” C.Hs
othiolate C,H,0P -SCHyCHyN

C,H;
OC,H

8. Edemo, VM O-Ethyl S-2-diethylamin- o o
oethyl methylphos- " 2 Eig
phonothioclate CH,P -5-CH,-CH,N

3 a-t-Ho
~
C,H,
0OC,Hg

9. VS . O-Ethyl S-2-diisopropyl- Q .
aminoethy! ethylphos- ” /CuHwaso
phonethiolate C,H,-P-S-CH,-CH,-N

C.Hi50
0C,H

10. VX* O-Ethyl S-2-diisopropyl- 0 _
amincethyl  methyl- ” CyHp-is0
phosphonothiolate CH,-P-5-CH,-CHyN

C,H -iso
0C,H,

11, 33 SN ......... O-Ethyl §-2-dimethyl- O
aminoethyl  methyl- " CHy
phosphonothiolate CH.P-S-CH.-CH.-N

Ay S e BN
5 ™ ch,
0C,Hj
B. Nerve agent fe}

precursors “ Cl

1, Dichlor ......... Methylphosphonic /
dichloride CH,® \

Cl
. . O
2. Difivor . Methylphosphonic “
difluoride ¥
/
CHp— P -
~
‘r.

5, Nope .. ...aannon N, N-diisopropylethan- CyH,-iso
olamine, 2-Diisopro- Qg - CH— CH,— M
pylaminoethanol = <

CyH-is0

4. Pinacolyl alcohol ., 3,3-Dimethyl-2-propanol (13H3 OiEvI

CH;— C CH CH,
CH,

32



Appendiz B (continted)

Structural Formula

§—(—CH,CH,Cl),

CyH-N—(—CH,CH,Cl),

CH-N—(—~CH,CH,CI),
Ne(—CH,CH,Cl) 4
(CH,SCH,CH,CD),

O—(—CH,CH,SCH,CH,Cl),

Commoen Name Chemical Name
B. Mustard-type agents

1. Mustard gas* . Bis(2-chloroethyl)
sulfide

2. HN-1 Rthyl-bis(2-chloroethyl)
amine

3, HN-2 . Methyl-bis{2-chloro-
ethyl)amine

4, HN-3 . . Tris(2-chloroethyl)
amine

5. Sesquimustard . 1,2-bis(2-chloroethyl-
thio)ethane

6. T ... . Bis(2-chioroethylthio-
ethyl)ether

7. Lewisite . 2-chlprovinyl
dichloroarsine

CHCICH—ASCl,

* United States standard agent.

9.

United States of America: working paper on storage of
chemical agents and weapons

[CCD/366 of 20 June 1972}
{Qriginal: English]
Introduction

The Upited States work programme on chemical weapons
(see sect. 4 above) pointed out that: “While there is evi-
dence which sugpests the existence of substantial quantities
of chemical arms in present day arsenals of several pations,
storage of chemical weapons by its nature is not a readily
identifiable activity.” This paper examines the storage of
toxic chemical agents and weapons and the extent to which
storage may be observable. The paper discusses over-all con-
fisuration of storage areas, as well as features of starage,
such as security, maintenance, and safety. The United States
delegation believes than an examination of these gquestions is
relevant in considering veiification questions connmected with
possible prohibitions regarding possession and stockpiling
of chemical weapons and agents.

The information set forth below is drawn largely from
United States experience. While similar features could be
expected to apply to chemical weapons storage elsewhere, it
is not known whether all States possessing stocks of those
weapons employ analogous methods to cope with such prob-
lems as security and persopal safety. By making available
information concerning United States storage methods and
some possible alternatives, this paper is intended to contribute
to the establishment of a factual basis for examining verifica-
tion in relation to stockpiling.

1. General considerations

Storage of chemical agents and weapons involves provid-
ing for: the physical security of stocks, the maintenance of
such stocks to prevent and minimize the problems of deteri-
oration, and the protection and treatment of personnel who
may accidentally come in contact with the agent. Physical
security may be provided by maintainiog strict perimeter
controls to prevent uwnauthorized access. Maintenance can
be facilitated by arranging munitions or other chemical com-
tainets so they can be easily and completely inspected, by
using leak detection and alarm systems, and by baving decon-
tamination supplies and equipment available, Personoel can
be protected by regulating access, by providing protective
clothing and decontamination facilities, and by ensuring quick
access to specialized medical services in the event of ex-
posure to & chemical agent.

2. Perimeter security

Chemical agents and weapons can be stored both within
restricted areas of conventional munitions depots and at sep-
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arate locations. Like military storage depots in general, the
perimeters of areas contaieing chemical agents or weapons
are characteristically protected by security fencing. They
may also be guarded by roving patrols and monitored by
mechanical sensing devices. Access is Hmited to controlled
checkpoints and normally requires a special pass or docu-
ments. However, none of these physical security precantions
is unique to chemical weapons storage.

Perimeter safety measures to protect personnel against
possible leakage, on the other hand, may be indicative of
chemical weapons storage. Regular sampling of the air around
the perimeter is one measure commeon to such storage areas
and nrot normaily found elsewhere. Meteorological and air
sampling/recording statjons housed in small sheds along the
perimeter have been used for this purpose. Portable sampling
equipment has also been shown to be effective. Another method
of checking for leakage is to place cages containing test ani-
mals at selected points on the periphery as well as inside the
storage area.

The most readily visible indication of storage, assuming no
effort is made to withhold knowledge from persons in the
immediate area, might be warning signs. Such signs could be
posted along perimeters of chemical weapons depol areas
alerting personnel to the presence of hazardous or toxic
materials. While they might not be visible to persons enter-
ing n peneral military storage area in which chemicals were
also stored, special sipns could warn those approaching the
chemical section of the hazard involved and of what pro-
tective equipment may be necessary to gain admittance. Perim-
eter guards patrolling areas where chemicals are stored might
be expected fo carry—or have readily available—protective
masks. Persons entering the immediate area of toxic materi-
als storage might be expected to wear impermeable clothing
and to carry protective masks.

3. Considerations relating to types of materialy
being stored

Storage problems differ according to the type of agent
that is being stored. Some of the agents used in the First
World War, such as chlorine, phosgene and hydrogen cyanide,
require less stringent storage precautions than do mustard or
nerve agents, although such basic requiremients as monitor-
ing of stocks for leakape and precautions for safety are
similar. Air-sampling equipment might be used to warn of
leaks; emergency protestion for personnel could be assured
by having available protective masks,

Effective protection, on the other hand, against mustard
agents and some nerve agenats (such as the V agenis) re-
quires impermeable protective clothing as well as masks.
It might be expected that such equipment would be worn by
persons servicing stocks of these agents. Medical facilities for
treating organophosphorus merve agent casualties would have



avaflable a supply of aptidote, such as atropine and 2-PAM
chloride, as well as equipment for rapid blood analysis. Such
supplies and equipment would not be found at medical facili-
ties conmected with storage areas containing only conventional
weapons, Also available in the immediate storage area would
be deconmtamination equipment, such as vehicles with pressut-
ized spray tanks and decontamination chemicals such as super
tropi¢al bleach for use in nentralizing agents from leaking
containers or accidental spils,

In addition to perimeter warnings, signs may be wused
within a chemical storage area to alert personnel to the exact
nature of the hazard they would face in the event of an acci-
dent. Under United States practice this has been dome by
posting large signs with symbols indicating the type of ma~
terial being stored. In the interests of emsuring maximum
safety of personnel, hazard indicators might warn if “special
hazard” mmaterials {such as merve agents) are present, and if so,
whether they are volatile (GB), requiring masks, or less vola-
tile (VX), requiring proteciive suits as well as masks.

4, Storage of bulk agent and filled munitions

Chemical agents are stored in buelk containers or in filled
munitions. Filled chemical munitions would normally be kept
in military storage depots. Buik agent might be stored ecither
at munitions storage depots, or at locations associated with
production of with facilities for the filiing of munitions.

For bulk storage the United States has used “one-ton”
cylindrical steel drums. Bulk containers offer the advantages of
limiting the pumber of units that need to be inspected, and,
because they are designed specifically for storage purposes,
of minimizing long-term dangers of leakage. They are also
suitable for compact storage under a variety of conditions—
in the open, in buildings, or underground.

Storage of agent in filled munitions entails more complex
maintenance problems over the long run because of the
increased mumber of Hems to be monitored and the some-
what greater rate of deterioration. If rmunitions are stored
with their explosive components, they would need to be
mnintained also in accordance with procedures for storage
of high explosives. (Under United States practice, high ex-
plosives are kept in widely-spaced, revetted and reinforced con-
crete bunkers.)

5. Storage area size and configuration

A variety of confipurations are possible within a chemical
storage area. Bulk storage of agents can be carried out in
the open, in various types of shelters, or underground. Open-
air storage of contaipers in rows is perhaps most convenient
for systematic maintenance purposes. However, other possi-
bilities range from stacking containers in compact tiers under
sheds at military depots to warehousing bulk agent at or near
production facilities. In either example the structures used
might physically resemble standard storage sheds or buildings
__at least externally—and could be large o1 small, closed or
open, or high or low.

Large volume storage at one location offers more cfficient
use of equipment and facilities. The convenicnce offered by
concenirating storage at one location might, however, be off-
set by other factors such as a desire to make storage less
visible and less vulperable by dispersing stocks. Filled muni-
tions might be expected to occupy larger storage areas than
would similar quantities of agent in bulk containers.

Filled munitions have tended to be placed in widely-sep-
atated magazines which were built to store conventional
weapons as well. Other structures offering suitable protec-
fion against weather damage and meeting appropriate stand-
ards for chemical and explosive hazards could also be used.
Some munitions may be stored outside, under canvas of
similar covers. If warning signs are used on bunkers or other
storage structures, it would be expected that they would indi-
cate not only a chemical hazard but whether explosive com-
ponents are also present. Such sipns could offer the only
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ready external means of distinguishing bunkers containing
conventional munitions from bunkers storing chemical muni-
tions.

6. Alternative patterns of storage

While the preceding descriptions are representative of some
actual storage practices, they do not exhaust the many possi-
ble alternative ways to handle the problems conmected with
storage of chemical agents and munitions. Other methods
might cost more, or sacrifice some degree of personnel safety.
They might, however, be considered worth the possible extra
costs and safety risks by a country placing particular empha-
sis on concealing its stockpiles.

Evidence of chemical weapons storage activity offered by
the storage methods discussed is of low visibility, even to
observers mear a storage facility, These indications might be
almost completely eliminated through the use of alternative
methods of sampling for leakage amd by doing away with
or hiding safety features. For example, removal of warning
markers {rom perimeter fencing, entry points, and within
storage areas would eliminate the most obvious sign of chem-
ical storzge. Use of small, hidden air sampling stations in
place of permanent, fixed meteorological facilities would re-
move another indicator. Material and related equipment, such
as bulk storage containers and decontamination eguipment,
normally stored in the open, could be kept out of sight in
buildings or in below-ground storage.

Safety mieasures, which might be necessary or highly de-
sirable in connexion with storage of substances such as merve
agents, would not, however, be equaily necessary for storage
of binary chemical weapon components. Any accidental leak-
age from binary munitions would not present a hazard sub-
staptially greater than that posed by many chemicals in
industrial use.

In general, there would appear to be omly very limited
opportupities to distinguish chemical agents and weapons
storage from other munitions or military storage. These op-
portupities would seem particularly limited at any significant
distance from the immediate storage area. Furthermore, such
indications of chemical storage activity as may be available
to persons near or at a storage facility are largely of a type
which could be relatively easily altered. Thus, while some
indications of chemical weapons storage may be visible under
certain conditions, it is questionable whether these wil be
significantly helpful in formulating a reliable and negotiable
system of verification of possible stockpiling of chemical
Weapons.

10.

United States of America: working paper on the
destruction of chemical weapons

[CCD/367 of 20 June 1972]
[Original: English]

This paper describes environmental protection and safety
procedures used in current United States operations for de-
militarizing limited quantities of chemical weapons. Such a
description will, it is hoped, be helpful in gaining an under-
standing of practical considerations involved in the objective
of destruction of chemical weapons stockpiles.

The example provided below involves the demilitarization
and disposal of nerve agent cluster bombs. The current United
States plan for destruction of these munitions offers an op-
portunity to examine practizal factors relating to the disposi-
tion of weapons containing one of the most toxic types of
chemical agents.

Growing concern for environmental safeguards has been
reflected in the United States by an increasing body of laws
and regulations controlling governmental as well as private
actions affecting the environment. The major United States
legislation affecting destruction of toxic materials iz the
National Environmental Policy Act of 1865. This Act re-



quires that every proposed Federal Government action sig-
nificantly affecting the guality of the enviromment include a
detailed public statement on its environmentzl impact. The
Act creates in the Office of the President 2 Council on En-
vironmental Quality with responsibility for reviewing and
appraising such proposed actions. While directed primarily at
pon-military activities, the Act also applies to destruction of
chemical weapons.

In 1969 the Department of the Army initated plans to
dispose of approximately 2,500 tonos of nerve agent in muni-
tions of a type considered obsolete, stored at Rocky Moun-
tain Arsenal in Colorado. Under the National Environmental
Prolection Act, before proceeding with demilitarization of
these munitions, the Army was required to prepare a state-
ment detailing its destruction plans. Comments on the Army’s
proposals were requested in February 197} from interested
Federal, State and local agencies, including the United States
Department of Health, Education and Welfare, the State of
Colorado, and the Denver Regional Council of Governments.
A revised statement was made available to the Council on
Epvironmental Quality and the public in December 1971 It
is anticipated that destruction will bepin in 1973 and require
approximately 18 months to complete,

The eavironmental impact statement in this case, with
attached plan for demilitarization and disposal of waste
products, includes over 850 papes of discussion and support-
ing data. As required by the Act, it contains a detailed dis-
cussion concerning possible adverse environmental effects
of destruction, and relates these effects to various alternative
methods of destruction. The plan for destruction offers full
relevant background information on all aspects of demili-
tarization. This includes technical descriptions, with appropri-
ate photographs, charts and diagrams concerping the muni-
tions to be destroyed, the site at which destruction is to be
carried out, and the proposed destruction and disposal
process. The description of proposed demilitarization opera-
tions covers methods of transporting the munitions from the
storage area to the holding and demilitarization building,
removal of ipmert parts and their decontamination, draining
of agent from munitions through a chemical pipeline to agent
deactivation facilities, detoxification of agent, and process-
ing of waste residue in a centrifuge/spray dryer system prior
to final disposal. Safety controls, including provisions to pre-
vent any release of agent during normal destruction opera-
tions or as a result of an accidert, measures to control by-
products released during detoxification processes, and alarms
and equipment to protect personnel, are described. The results
of pilot tests (using simulated agent) are also provided.

The following excerpls from the summary portion of the
statement are illustrative of the types of information neces-
sary in order that responsible agencies may consider whether
a given plan for destruction of toxic substances provides
adequate environmental safeguards, These excerpts also offer
an indication of the rigorous procedures that must be followed
in carrying out destruction of chemical weapons.

“Background

“This environmental impact statement presents the pro-
gramme for the demilitarization of the M34 cluster stockpile
at Rocky Mountain Arsepal, This programme encompasses
abont 21,000 M34 gas bomb clusters contfaining approxi-
mately 454,000 gallons of agent GB {volatile lgnid ‘nerve
gas') which will be disposed of by chemical neutralization.
The M34 demilitarization effort was initinted in August 1969
by a special group designated Task Force Eagle, . . . In-
structiong and guidelines for the Task Force placed par-
ticnlar emphasis on safety and security rather than cost
or time.

“The Cluster, Gas Bomb, Nonpersistent, GB 1000-pound
M34 is an air deliverable munition containing 76 individ-
ual M125 bombs filled with 2.6 pounds of GB perve agent
{methylisoppropoxy-fiucro-phesphine  oxide) and a 055
pound tetryl central burster. The M34 clusters were manu-
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factured in the mid 1950s, are stored at Rocky Mountain
Agsenal, are now chsolete and therefore must be disposed
of.

“Small quantities of M34 clusters had been demilitarized
in the past under field conditions at Rocky Mountain Ar-
senal. Review of the procedures and safety for such out-
door demilitarization indicated their inadegquacy to meet
the current emphasis and guidance on maximum safety,
particularly where many thousands of clusters are involved.
Accordingly, Task Force Eaple was established to plan and
conduct a programme for indoor demilitarization in an
explosion proof, gas-tight facility, using remote control
and automaied equipment to the maximum exient. The
objective was to reduce or eliminate the use of personnel
in direct proximity to the declustering operation and to
provide complete safety to the swrounding environment
and population duering normal operations or in the event
of accidental munition functioning.

“It is currently planned to demilitarize 60 M34 clusters
per day in two 8-hour shifts. This will permit cornpleting
the entire demilitarization about 18 months after start of
live operations. . . .

“Environmental impact of the proposed action

“The M34 cluster demilitarization programme has been
developed with the specific purpose of insuring that there
will be no deleterious impact to the environment as a
resuilt of this effort. It is possible that extremely small
amounts of undetoxified GB nerve agent will be emitied to
the atmosphere during the demilitarization process, How-
ever, the emission level will not exceed the concentration
limit prescribed by the Surgeon General of the Public
Health Service for the peneral population and unmasked
workers . . . Other air pollutants (hydropen fiuoride, HF;
nitrogen dioxide, NO:) may be emitted to the atmosphere
intermittently during the demilitarization process. NO;
emission will be controlied not to exceed the level set in
latest Federal Standards. . . . The waste products from the
chemical detoxification will be processed through a centri-
fuge/spray dryer system to remove the solids and evapo- -
rate the water. The solids will be packaged in drums and
stored temporarily in a warehouse at Rocky Mountain
Arsenal pending ultimate disposition. AN pipe and sewer
lines transporting agent and/or waste products will he veri-
fied to be leaktight prior to start of operations.

“As noted above, . . . the munitions declustering will
be carried out in a facility which will physically contain
any explosion that may accidently occur. The facility has
explosion-proof doors and automatic blast valves that will
insure that the facility is gas-tight in the remote event of
an accidental munition functioning and wili prohibit any
deleterious leakage of agent to the atmosphere. Any liquid
agent then will be decontaminated by a special spray sys-
tem and any residoal apgent vapour subsequently will be
bled to the scrubbers {cleansing devices). During normal
operaticns the area will be continuously ventilated (under
negative pressure relative to the outside) and any agent
that may evaporate will pass through ventilation ducts to
scrubbers where it will be captured and chemically meu-
tralized. Operating personnel are experienced in the han-
dling of perve agents. They will be given preplacement
physicals and subjected to periodic follow-up clinical! exam-
ination, to eosure the adequacy of the detection and pro-
tective meagures provided. In addition, they also will be
given special training in the conduct of this programme. .. ."

These examples of planning for an actual chemical weapons
destruction operation involving a limited quantity of weapons
indicate that destruction of chemical weapons is a complex
and time-consuminog task which requires the most detailed
preparations. Comprehensive destruction of all lethal chemical
weapons stocks in arsenals everywhere would involve major
environmental and safety considerations which would affect
both the methods that might be appropriate for large-scale:
destruction, as well as the time required. '
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United States of America: working poper on statisties re-
lating to production and trade of eertain chemienl sub-
stances in the United States

[CCD/368 of 20 June 1972]
[Original: English]

The Canadian and Japanese delegations bave suggested (CCD/
300, 301, 344,)80 that it would be useful to review the possi-
bility of compiling production and trade data om certain
chemical substances used in the preparation of lethal chem-
ical agents. In response to this suggestion, the United States
wishes to share with other members of the Committee the
following information regarding the production and trade of
chemical substances in the United States.

39 For documents CCD/300 and 301, see Official Records of
the Disarmament Commission, Supplement for 1870, document
DC/233, annex €, sect. 29 and 30; for document CCI/344,
see ibiG(L, Supplement for 1971, document DC/234, annex C,
sect. 26.

United Stares production statistics

The United States presently releases considerable data on
chemical production. Annual production figures for eight of
the 16 chemicals Iisted in the Canadian and Japanese papers
are available in United States Census Bureau or Unitea States
Tarif Commission publications.

Statistics on the cight other chemicals on the Canadian
and Japapese lists are not published by the United States
Government, either because production is minute or nil or be-
cause United States law restricts the publication of figures
which might disclose the output of individual producing firms
and thus restrain competition by placing them at a possible
competitive disadvantage. Methylphosphonic dichloride and
diffuoride, and pinacoly] alcohol fall into the first category
of extremely limited or mil production. Production data for
phosphorus  pentachioride, dimethylphosphite, sulphur  di-
chloride, thisdiglycol, cyanogen chloride, and diethylamino
ethyl alcohol are reported to the Government but not re«
leased publicly because of legal limitations on disclosure.

Production data for the other eight chemicals on the Ca-
nadjan and Japanese lists are capsuled im table 1. Included

Table 1

PRODUCTION OF SELECIED CHEMICALS IN THE UNITED STAYES (N METRIC TONS)

1966 1967 1968 1569 1970 1971a
Elemental Phosphorus 513,067 532,532 556,425 570,590 548,918 494,486
Phosphorus Trichloride 35,987 46,391 49,460 51,993 41,768 50,091
Phosphorus Oxychloride 27,124 28,860 30,445 28,490 25,833 28,069
Phosphorus Pentasulfide 48,788 44,170 46,844 50,585 60,763 63,466
Ethylene Oxide 1,055,482 1,046,832 1,190,805 1,545,748 1,753,058 1,637,644
Phospene 149,575 168,759 202,571 229,078 280,085 —
Hydrogen Cyanide . 146,557 114,421 138,050 167,690 145,625 o
Ethylene . 5,098,956 5,377,208 5,965,116 7,455,500 8,205,209 8,302,705
Chlorine L 6,535,806 6,967,176 7,660,813 8,505,822 8,854,441 8,473,983
Organophosphorus  Insecticides 54,397 28,9960 34,414b 41,9390 60,100 —

a Based on preliminary monthly reports, subject to revision.
Those chemicals for which no data are available for 1971 are
not reported montbly.

also ore datz on chlorine because of its extensive use in
the First World War and data on organphosphorus insecti-
cides because of the similarity of their chemical structure and
mode of action to nerve agents.

Production figures cover all chemicals produced in the
Umited States during the year, whether sold or devoted to
“captive” uses. The term “captive” refers to use of a chem-
ical by a single manufacturing firm for production of another
chemical.

Production trends

Production trends of the chemicals listed vary considerably.
Most of the listed chemicals require further processing to
become usable end products. Demand is therefore determined
by the user-industiies (which may build up or draw down
inventories in any given vyear), and ultimately by the final
consumers. Production is accordingly affected by:

1. The general level of business activity;

2. Relative price and cost levels, which among other factors
are influenced by changes in technology, by shortages, and' by
availability of alternative chemicals or means of processing;

3, Changes in consumer preferences. For example, produc-
tion of elemental phosphorus declined more than 13 per cent
between 1969 and 1971 because of concern that the use of
phosphates in detergents caused environmental damage o
waterways receiving sewage from homes.
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5 Cyclic only. In 1967-1969, figures for acyclics were not
published because figures for individual firms would have
been disclosed. In 1966, acyclic production was 21,129 tons,
and in 1970 it was 25,066 toms.

Regional production

Table 2 indicates the geopraphic distribution of plants where
these chemicals are manufactured in the United States. Al-
most balf of the plants are located im the South Central
region, although all the chemicals listed except hydrogen cya-
nide are produced in at least three of the five broad regions
designated in the table.

Plant location is based on the availability of raw materials
and inexpensive transportation as well as proximity to direct
users and final markets. Plant location over time does vary
as older plants become obsolete. Frequently older plants are
replaced by ones located nearer areas of expanding population.

Foreign trade

The United States requires customs declarations of both
quantities and values for all commercial exports and imports,
but does mot at present publish trade data on all individual
commodities. The only chemicals with potential utility for
chemical weapons purposes for which data are published
separately are those Hsted in table 3. Many chemicals are
traded in such small quantities that they are classified into
broader categories for reporting purposes. The trade in phos-
phorus trichloride, however, is reported even though that
trade is virtually infinitesimal

Generally speaking United States imports and exports of
chemicals with a potential for chemical weapons use are very
small. The exception is organophosphorus imsecticides for



Table 2

NUMBER AND LOCATION OF UNITED SYATES PLANTS PRODUCING SELECTED CHEMICALSS

Elemental Phasphorus Phosphorus Phasphorus Ethylene

Faydrogen Cyanagem

phospkorus trichloride oxychloride pentasnlfide  oxide Phosgene cyanide  chloride Chlorine

North-cast
(North Atlantic) 2 3 2 i 1 2 e 2 10

South-east
(South Atlantic) 4 2 i — 3 4 —_ 1 12
North Central e i 1 1 — 4 1 i 11
South Central .. 5 1 — 4 13 6 8 2 28
West (Pacific) 3 — — oo 1 —_— — 1 7
TOTAL PLANTS 14 7 4 6 18e 16 9 7 68

a1 Not listed in the table are ethylene and organophosphorus
insecticides. The former is produced by 23 firms and the latter

which exports represented 30 per cent of United States pro-
duction in 1970. The only other chemical for which separately
published trade statistics can be compared with production is
chlorine. Bxports as a percentage of production varied from be-
tween one half of one per cent in 1967 to one sixth of one

by 15 firms, Since some firms have several plants, the number
of producing plants involved is considerably iarger.
b There is also one plant in Puerto Rico.

per cent in 1970. Imports represent one per cent or less of
United States production.

The significant feature of these trade statistics, aside from
the small quantities relative to production, is their erratic
variation from year to year.

Table 3

UNITED STATES TRADE IN SELECTED CHEMICALS (IN METRIC TONS)

1966 1967 1968 19569 1970 1971

Exports
Chlorine .. .... ... 19,334 32,896 32,935 23924 14,801 10412

Organophosphorus

insecticides® 15,490 21,765 25468 25926 17,753 22,811

Imports
Chlorine 65,699 53,108 38,056 20,530 22,618 31,875
Ethylene Oxide 117 598 264 21 25 28
Phosphorus S 341 284 380 409 219 285
Phosphorus trichloride . . . b 014 004 007 e 004

aIn addition, during 1966-1971, United States exports of formulations of pesticides for
agricultural use containing small proportions of organophosphorus pesticide ingredients
amounted to approximately three cighths of the export volume of organophosphoerus insec-

ticides categorized in this table.
b Not reported separately.
¢ Less than half a kilogram.

12.

United States of America: working paper on United States
domestic legislation regarding chemical suhstanees

[CCD/36% of 20 June 1972]
{Original: English}

This paper describes relevant provisions of domestic United
States lepislation with respect to the use, production and
handling of chemical substances. The delegation of Sweden
has already pointed out that a review of the situation with
respect to national and internatiopal regolations in this area
would be useful and desirable (see CCD/PV.556). The fol-
lowing description may be helpful in the Commitlee’s con-
sideration of the extent to which existing legal restraints might
be relevant in reinforcing the observance of chemical weapons
prohibitions.

The provisions of United States domestic legislation de-
scribed below are illustrative, not comprehensive. They have
beer condensed from voluminous and detailed material and

37

are described only in brief, essential terms. Some material
of special interest, such as that relating to definitions, has
been included in foot-nmotes. Special attention has been given
to the possible relevance of these provisions with respect to
the control of the use, production and handling of toxic
chemical substances which can be used for weapons purposes.

The United States is a federal State. Consequently there
exist parallel systems of legislation, respectively within the
domain of the Federal Government and of the various States.
States do not have the authority to legislate ir some areas
where the United States Congress has acted. State laws vary
widely. In some jurisdictions, for instance where there has
been extensive industrial development, there is likely to be
far more legal repulation than will be fouad in other jurisdic-
tions, where this has not been the case.

It will be noted that some provisions of Federal legistation
deal specifically with chemical warfare oagents and govern
the importation, exportation, handling, use and dispesal of
these substances. Most Federal lepislation affecting chemical
warfare agents, however, applies to them because they are



chemical substances and not specifically because they are
chemnical warfare agents. Legislation in this category relates
to such matters as production, sale, transportation and disposal
of chemical substances. Parallel provisions may be found in
State legislation.

An effort has been made to arrange relevant legistation in
such a way as to facilitate a review of the legislative provi-
sions described below,

I. FEDERAL LAWS DIRECTEY APPLICABLE TO
CHEMICAL WARFARE AGENTS

Most of the Federal legislation affecting chemical warfare
agents applies penerally to chemical substances. Some sta-
tutes, however, do limit the importation, exportation, handling,
use and disposal specifically of chemical warfare agents.
Accordingly, these statutes deserve special treatment.

A. Importation and exportation of chemical warfare agents

The Mutual Security Act of 195440 authorizes the Presi-
dent *to control, in furtherance of world peace and security and
foreign policy of the United States, the export and import of
arms, ammuniition, and implements of war, including technical
data relating thereto”. The President may designate particular
items falling within the above categories. All persons engaged
“in the busipess of manufacturing, exporting or importing”
such items rmust register with the Government. Pemally for
wilful violation is $25,000, two years in prison, or both. The
powers of the President under this section have been dele-
gated to the Secretary of the Treasury for import and the
Secretary of State for export.#1

Among the “implaments of war™ designated by regulation
are “chemical zgents”,3? and “nerve gases and incapacitating
agents”.

B. Handling, use and disposal of chemical warfare agents

Several sections of Title 50 of the United States Code regu-
late the transportation, open-air testing, deployment, storage,
disposal of, and procurement of delivery systems for “lethal
chemical warfare agents” by the United States Government.
Section 1511 requires that the Secretary of Defense submit
semi-annual reporis to Congress setting forth the amounts
spent during the preceding six-month period for research, de-
velopment, testing and evaluation and procurement of all
lethal and non-lethal chemical agents. Section 1512 prohibits
the transportation, open-air testing and disposal of chemical
warfare agents unless the proposed action can be accomplished
without endangering the public health and safety. Section 1513
prohibits the deployment, stormge or disposal outside of the
United States of any lethal chemical warfare agents or their
associated delivery systems without the giving of prior notice
of the proposed action to the country exercising jurisdiction
over the area in quesiion. Section 1516 prohibits the procure-
ment of delivery systems for lethal chemical warfare agents
nnless the President certifies to Congress that the delivery
systems are vital to the safety and security of the United
States. Finally, sections 1517 and 1518 prohibit the disposal
of chemical warfare apents unless the agents have been de-
toxified or made harmless to man and his eavironment, anless
immediate disposal is clearly necessary to safeguard human
life or in an emergency.

IE. FEDERAL YEGISLATION APPLICABLE TO
CHEMICAL SUBSTANCES GENERALLY

Alhough there are only a few laws directly affecting chemi-
cal warfare agents per se, there are many Federal laws affect-
ing them as chemical substances. These laws generally regu-
Iate the production and sale, the interstate transportation and
the disposal of various chemical substances. The most per-
tinent legislation is set out below.

40 22 USC 1934 {1970).

41 FExecutive Order No. 11432, 3 .CFR 751 (Comp. 1966-1970)

42 The term “chemical agents is defined as substances “use-
ful in war whichk, by (their) ordipary and direct chemical ac-
tion, produce a powerful physiological effect”. 22 CFR 121.08.
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A. Federal legislation regulating the production and
sale of various chemical substances

1. Federal Hazardous Substances Labeling Act.

The Federa! Hazardous Substances Labeling Act’'3 prohibits
the introduction into interstate commeice of aay misbranded
hazardous substance or banned hazardous substance. The Act
defines “misbranded hazardous substance” asz a hazardous
substance which, fnter alia, fails to bear a label which states
conspicuousty the woid “poison” for any hazardous substance
which is highly toxicd4 The Act also bans hazardous sub-
stances which might otherwise be used in the household but
which cannot be made safe by cautionary fabelling.

2. Federal Insecticide, Fungicide and Rodenticide Act

The Federal Insecticide, Fungicide and Rodenticide Actdd
prohibits the distribution in interstate commerce and the ex-
portation of pesticides not properly registered and pesticides
containing improperly labelled substances which are highly
toxic 1o man.40 The Federal Environmental Protection Agency
(EPA) administers the Act's provisions for registration, pack.
aging and labelling of such pesticides. The EPA has the au-
thority to inspect the records of the manufacturer to determine
whether the provisions of the Act aré being met. Furthermeore,
agents of the Department of Agriculture are authorized to
physically inspect shipments of pesticides to ensure that the
provisions of this Act are enforced. Finally, in cases where the
safety of the pesticides is challenged by the EPA, the manu-
facturer of the challenped pesticide must establish the safety
of the product.

Under proposals presently before the Congress, the power
of the EPA to repulate the marketing of pesticides would be
extended to iaclude the application or use of such substances
as well.

3. Federal Food, Drug and Cosmetic Act

A preat deal of domestic legislation affects the production
and sale of varipus chemical substances.#? The Federal Food,

3 15 USC 1261 et seq. (1970).

4% An example of an extremely specific statutory definition is
found in the following definition of the term “highly toxic™:
“any substance which falls within any of the following cate-
gories: (@) Produces death within 14 days in half or more than
half of a group of 10 or more laboratory white rats each
weighing between 200 and 300 grams, at a single dose of 30
milligrams or less ger kilogram of body weight, when orally
administered; or {(b) produces death within 14 days in half
or more than half of a group of 10 or more laboratory white
rats each weighing between 200 and 300 prams, when inhaled
continuously for a period of one hour or less at an atmospheric
concentration of 200 parts per million by volume or less of gas
or vapor or two milligrams per litre by volume or less of mist
or dust provided such concentration is likely to be encountered
by man when the substance is used in any reasonably foresee-
able manser; or (c¢) produces death within 14 days in half or
more than half of a group of 10 or more rabbits tested in a
dosage of 200 milliprams or less per kilogram of body weight,
when administered by continuous contact with the bare skin for
24 hours or less™. 15 USC 1261 (h) (1) (1970).

45 7 USC 135 (1570).

48 This Act prohibits the sale of pesticides containing the arse-
nate, arsenite, fluoride ard fluosilicate compounds listed below
unless these compounds are distinctively coloured to identify their
presence in the pesticide. A pesticide containing such an uncol-
oured compound would be per se mislabelled and therefore could
not be introduced into interstate commerce. The compounds spe-
cifically covered by this Act are standard lead arsenate, basic
lead arsenate, calcinm arsenate, magnesium arsenate, zing ar-
senate, zinc arsenite, sodium fluoride, sodizm fluosilicate and
barium fluosilicate.

47 Under the Occupational Safety and Health Act (29 USC
650 et seq. (1970)), the Secretary of Health, Education and
Welfare is authorized fo_establish and administer standards
protecting the safety and health of workers employed in busi.
ness engaged in interstate commerce, The Secretary of HEW i3
required to take action in cases where “employees are exposed
to grave danger from exposure to substam:es or ageuts deter-
mined to be toxic or physically harmful .



Drug and Cosmetic Act,48 for example, extensively repulates
the production and sale of drugs. A “drug” is defined as an
article (other than food) intended to affect the structure of
any function of the body of man or other animals. The Act
also prohibits the adulteration of any drug in interstate com-
meice.®® In order to enforce the prohibitions of the Act,
Federal agents have the authority under section 374(a) to
enter and to inspect any factory, warchouse or establishment
in which drugs are manufactured, processed, parked or held
for infroduction into interstate commerce or any vehicle beiap
used to transport such drugs in interstate commerce. These
inspections extend to all records, files, papers, processes, con-
tracts and facilities bearing on whether adulterated drugs are
being manufactured, processed, parked or transporied in such
places.

B. Federal legisiation regulating the transportation of
various chemical substances

There is fairly extensive Federal regulation of the trams-
portation of chemical substances within the United States.
Section 832 of Title 18 of the United States Code prohibits
the transportation, carriage or conveyance within the United
States of etiologic (disease causing) agents unless authorized
by the Secretary of Transportation. The Secretary is author-
ized to promulgate rules and regulations covering the trans-
portation of these agents in order to ensure their safe trans-
portation. These regulations apply to ail land carriers engaged
in interstate or foreign commerce and contain the designations
of routes over which eticlogic agents may be transported.

Section 834 of Title 18 of the Ugited States Code authorizes
the Secretary of Transportation to regulate the transporlation
within the United States of “dangerous articles” including
etiolopic agents, corrosive liquids, compressed gases and poi-
sonous subsiances. The Secretary's reguiations are binding on
all Iand carriers engaged in imterstate and foreign commerce
and on all shippers making shipments of “dangerous articles™
in interstate and foreign commerce.®® Under this section the
Secretary is authorized to require carriers to adhere to the
best-known practicable means for parking, marking, loading,
handiing while in transit, and inspecting such articles in order
to insure their safe transit.

Section 170 of Title 46 of the United States Code prohibits
the marine transportation of explosives and other daagerous
articles or substances, including “inflammable liquids and
solids, oxidizing materials, corrosive liquids, compressed gases,
poisonous articles or substances, hazardous articles . . . ex-
cept in accordance with the regulations of the Coast Guard.
These regulations cover the marking, packaging, handling,
storage, stowage and labelling of danperous articles and sub-
stances.

Under Section 1716 of Title 18 of the United States Code
the transmission through the mails of poisonous drugs and
materjals which may kill or injure another is prohibited.

Finally, the Anti-Smuggling Act®™ regulates the {ranspor-
tation and distribution of merchandise into the customs juris-
diction of the United States. Another section of the United
States Code contains a list of the conirolled merchandise 5%
Various chemical substances are enumerated in this listing
There are specific regulations relating to viruses, serums, toxing
and analogous products for use in the treatment of human
beings and domestic animals.bs

4821 USC 301 er seq. (1970). .

4% An example of a general statutory definition is by 21 USC
351 (1970) which defines adultered drugs as drugs which (1)
contain filthy, putrid or decomposed substances, (2) were manu-
factured under conditions not conforming to current good man-
ufacturing processes, and (3) do not conform to standards of
strength, quality, or purity as set forth in cither the United
States Pharmacopeia or the Homeopathic Pharmacopeia of the
United States, if the drug purports to be one listed in either
of these publications.

50 The regulations promulgated by the Secretary of Trans-
portation list many chemical agents; see 49 CFR 172.5.

51 19 USC 1701 et seq. (1970).

62 19 USC 1202 (Sub-chapter 4) (1970},

52 19 CFR 1217, 12.21.
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C. Federal laws controlling the disposal of chemical substances

Under Federal water pollution legislation® the Federal
Environmental Protection Agency has the authority to estab-
lish methods and means for preventing “hazardous substances”
from entering the navigable waters of the United States. In
this lepislation the term “hazardous substances” is defined as
“such elements and compounds which, when discharged in any
quantity intc or upon the mavigable waters of the United
States or adjoining shorelines or the waters of the contiguous
zone, present an imminent and substantial danger to the public
health or welfare, including, but not limited to, fish, shellfish,
wildlife, shorelines and beaches".

Analogous authority is given to the EPA with respect to
certain hazardous air pollutants.55

When the destruction or disposal of any chemical substance
by a Federal agency may bave a significantly adverse effect
on the quality of the human environment, the Natiopal En-
vironmenta! Policy Act®® reqguires that the Federal agency
undertaking such an action file an envirommental impact
staternent assessing the possible threat to the environment
posed by the proposed Federal action.

III. STATE LAWS APPLICABLE TO CHEMICAL SUBSTANCES

State legislation regulating the production, sale, transpor-
tation and disposal of chemical substances generally shows
considerably diversity and is in many cases not as compre-
hensive as Feders] regulation In some areas where the United
States Congress has enacted legislation the States are without
suthority to de so. In other cases, parallel Federal and State
legistation exists.

A. Diversity of State regulation

Oge characteristic of the body of State regulation governing
chemical substances is the diversity from one jurisdiction to
another. For example, Maine, New Jersey and New York have
one type of legislation—in virtually identical terms—regulating
the sale and distribution of pesticides. Under this lepislation.
pesticides must be registered prior to sale and there are provi-
sions governing the handling of pesticides in commercial
transactions, The lepislation also contains provisions designed
to prevent injuries arising out of the dissemination of pesti-
cides. California, however, has a very different type of legisla-
tion not only pertaining to sale and uvse, but also to manufac-
ture of pesticides, which is illegal without a licence. Provision
is made also for inspection of manufacturing facilities by
competent State authorities 57

B. Scope of State regulation

Even though the most heavily industrialized States, like
California, New lersey and New York, have extensive indus-
trial marketing and pollution legislation, the scope of legis-
lation with respect to the production, sale, transportation and
disposal of chemical substances often is not as comprehensive
as Federal legislation. A case in point is California, which has
extensive lepislation embracing the manufacture and sale of
drugs, pesticides and injurious or hazardous chemical sub-

54 33 USC 1162 (1970) (Hazardous).

55 42 USC 1857 (1970). An eir pollutant is defined to be “an
air pollutant to which no ambient air quality standard is appii-
cable and which in the judgment of the Administrator (of EPA)
may cause, or contribute to, an increase in mortality or zo in-
crease in serfous frreversible, or incapacitating reversible, ill-
ness”.

56 42 UJISC 4321 (1970).

67 The basic lepislation regulating pesticides in New York
may be found at N.Y. Agriculture and Marketing Law, Sec. 149
(McKinpey 1954); analopous New Jersey legislation may be
found at NJ. Stat. Sec.4:8A-2 (1960); in Maine the relevant
legislation may be found at 7 M.R.8.A Sec.581 ef s2q; in Cal-
ifornia the relevant provisions may be found at Cal. Agric.
Code Sec.12751 et seq. West {1954),



stances,58 and which has pollution Iegislation which prohibits
the discharge of chemical substances into the waters of the
State if such discharge is likely to be detrimental to wild life 59
California, however, does pot have specific legisiation regu-
lating the trapsportation of chemical substances within the
State, nor does it have the equivalent of the Federal Occupa-
tional Safety and Health Act, which sets safety standards for
production facilities that manufacture hazardous chemical
substances.

The scope of lepislation in other States is in some cases
even less comprehensive. New York, for example, bas legis-
Jation governinng the manufacture and sale of drugs, the dis-
tribution and sale of pesticides and the disposal of chemical
pollutants.80 It does mot, however, have a Hazardous Sub-
stances Act or regulations poverning the manufacture of pesti-
cides or other injurious substances. Moreover, New York, like
California, does not have a comprehensive State Code repu-
lating tramsportation of chemical substances within the State.
Unlike California, however, New York regulates the routes
over which vehicles carrying dangerous chemical substances
may travel.01

13.

Letter dated 14 June 1972 from the representative of Peru
to the Special Representative of the Secretary-General of
the United Notions to the Conference

[CCD/370 of 20 June 1972}
FQriginal: Spanish}

1 have the honour to express to you, on instructions from
my Government, the vital interest of my country in the ques-
tion entitied “Urgent need for suspension of nuclear and
thermonuclear tests”, which is a high-priority item before the
Conference of the Committee on Disarmament. In a number
of international forn my Government has stated its profound
anxiety at the alarming persistence of nuclear tests, and feels
that it should reaffirm its conviction that the continbance of
these tests is manifestly contrary to the interests of peace.

In particular, my country wishes to reiterate the stromgest
possible protest against the series of tests of nuciear weapons
in the atmosphere which France is catrying out and intends
to continue in the Pacific. T do not feel it pecessary to detail,
since they are well known, the hazardous effects which these
explosions entail for the coastal States of the Pacific Ocean,
not only for the heaith and welfare of their peoples but also
for the ecological balance of the area.

T should therefore be very grateful if you would take the
pecessary steps for the secretariat of the Committee to issue
this letter as an official document of the Committee on Dis-
armament.

(Signed) Carlos ALZAMORA

Permanent Representative of Peru
to the United Nations ot Geneva

68 The manufacture and sale of drugs are controlled in
general by Cal. Health and Safety Code Sec.11000 er seq. and
Sec.26310 et seq. (West 1954); pesticides by Cal. Agric. Code
Sec 12751 et seq. (West 1954); injurious imaterialy by Cal.
Agric. Code Sec.14001 er seq. (West 1954); and hazardous
substances by Cal. Health and Safety Code Sec 28740 ef seq.
(West 1954).

60 See Cal. Fish and Game Code Sec.3650 {West 1954); for
general prohibitions on the discharge of chemicals which degrade
water quality standards, see Cal. Water Code Sec. 13000 et seq.
{(West 1954).

60The manufacture and sale of drugs is governed by N.Y.
Education Law Sec.6808 ef seq. (McKinney 1954); pesticides by
N.Y. Agricolture apd Marketing Law _Sec.149 (McKinney
1054); chemical pollution of water by N.Y. Public Health Taw
Sec.1200 et seq. (McKinney 1954).

81 N,Y, Vehicle and Traffic Law Sec.1630 (McKinney 1954)
authorizes certain localities to regulate the transportation of
dangerous chemical substances.

40

14.

United Kingdom of Great Britain and Northern Freland:
working paper on remete detection of chemical weapon
field tests

[CCD/371 of 27 June 1977}
[Original: English])

A. Introduction

1. In an earlier working paper (CCD 308)02 the require-
ments for verification of chemical weapon arms control meas-
ures were reviewed in broad terms in order to put the over-all
problem of verification into perspective. Subsequently a pum-
ber of working papers have continued this process with varying
degrees of elaboration of detailed aspects of the problem. Tt
is appropriate, now that the Commitiee has a general under-
standing of the problem, for copsideration to be givea in de-
tail to some of the verification techniques which have been
suggested, so that positive action can be focused on those
which show real promise of practical application.

2. One technique which requires further examination, since
it has been sugpested as one which would not involve on-site
inspection, is the use of satellite-mounted sensors desigoed to
detect field tests of chemical weapons. This paper seeks to
examine in detail:

(i} Whether such a system would be feasible in terms of
sensitivity requirements and equipment performance; and

(i) What would be the probability of detection of field
tests on the basis of certain assumptions.

3. A fundamental assumption is that field tests of chemical
weapons would be essential as part of the development process
culminating in production and stockpiling of the weapons. It
is important to note that while this may be true for any new
development, for example by a State previcusly lacking a
chemical weapon capability, it is not necessarily a valid as-
sumption for countries which have previously had such a
capability, unless perhaps development of a new type were
initiated.

B. The characteristics and sensitivity requirements of sensors

4. The remote detection of a chemical agent liberated dur-
ing a field test mecessitates the transmission of a signal from
the chemical to a sensor, and in order to differentiate such tests
from tests of weapons such as high explosive or smoke shells,
the transmitted signal must allow identification of the chemical.
This need to transmit a sigoal indicates the use of electro-
magnetic radintion of suome form and only those frequencies
of the electromagnetic spectrum need be considered which are
transmitted by the earth’s atmosphere and capable of giving
chemical information. Absorption by the atmosphere limits
the uwsable frequencies to “windows” in the near ultraviolet,
visible light, infra-red, microwave and radio-frequency re-
gions. Of these regions only the infra-red will produce chemi-
cal data on all molecules and of the available windows in the
infra-red region, that from 8-135 # is preferred because:

{a) It is a region in which many characteristic infra-red
absorption bands are found; and

{b} The black body radiation from the earth peaks at aboput
10 &

Consideration will therefore be limited in this paper to a re-
mote detection device working in the 8-15 & window.

5. For the purpose of examining the capabilities of a typi-
cal satellite-mounted semsor, the orbit of the earth resources
satellite (ERS) will be considered as the semsor requirements
for this have been extensively reported. The ERS will be
piaced in a circular sun synchronous orbit at a height of
880 km with an orbit inclivation of approximately 99°, This
produces a ground point shift of 2860 km per orbit and a
westerly shift of 170 km each day. The sensors have a field
of view of almost 190 km producing a 10 per cent averlap on
successive days. The ground velocity of the satellite is 6.7

62 See Official Records of the Disarmament Commission, Sup-
plement for 1970, document DC/233, annex C, Sect. 37.



km sec-! which imposes severe constraints on the infra-red
Sensor.

6. Two types of sensor which are available are a suitable
photoconductive detector, such as cadmium-mercury-tellurium
(CdHgTe), and a pyroclectric detector such as triglycine
sulphate, The former will require cooling to 779K, the latter
will operate at ambient temperature. The photocenductive
sensor is usually used im a line-scanning system, similar to the
line-scanning of a television screen, without interlacing, whereas
the triglycine sulphate can be used in a pyroelectric vidicon
detector in which the whole image is formed on the detector
surface, which is ruled to give a number of discrete point
detectors and the charge on these points is subsequently
scanned by an electron beam. In pormal sysiems working in
the visible and photographic infra-red regions of the spec-
trum, the different spectral ranges are each monitored by a
separate vidicon using a filter to isolate the respective wave-
length regions.

7. The choice of which system to use for surveillance of
chemical weapon tests from a satellite will be gaverned by
the degree of spectral resolution required. 1f the identity of
a chemical agent can be established using 2 small number
of wavelengths then either system could be used. If a large
number of wavelengths are required then the consequent mul-
tiplicity of vidicons would be prohibitive.

8. In remote sensing of nerve agents from the ground using
infra-red absorption, detection can be based on the 8.7 & band
common to most nerve apents. However, this band cannot
be used for satellite-based observation because of the atmos-
pheric ozome absorption band at this wavelength. When the
specira of the atmosphere and a selection of nerve agents are
examined together, it is apparent that since it is impossible to
use the 9.7 # region for identification, no simple combination
of bands will aliow agents to be detected. Identification will
then have to depend on summing all the information available
in the 8-9.4 and 9.8-12 & regions, the individual apenis being
identified by pattern recognition techniques. This will require
a spectral resolution of 0.1 & or better which would require =
minimum of 38 vidicoms. It therefore appears that the line-
scanning approach would be preferable.

9. When using scanning techniques based on passive infra-
red it is essential that the spectrum scan shouid be complete in
the time interval in which a single target is being viewed. Since
the sensor detects the absorption by a vapour cloud of infra-
red radiation from the earth’s surface, a changing pattern of
observation at different wavelengths would result if this back-
ground surface radiation varied during the course of a single
sean. Relation of the data to the pattern for individual agents
would then not be possible. If the spectral scan covers areas
of different emissivity then false signals can result. The highest
resolution of a lne-scan instrument yet achieved is 0.5 milli-
radians with 0.25 milliradians as the practical limit. This gives
a minimum line width of about 250 m for the ERS system,
but the value is of course dependent on altitude. Taking the
instantaneous target being scanned as a square of this size
then there will be roughly 800 such tarpget dots in the 190 km
Hne scan or 8002 dots in the sguare frame. This frame is
completed in 28 seconds giving a “dot” time of 40 #s. In
that time it would be necessary to measure absorption at ai
least 38 wavelengths—requiring a detector response of 1 4 or
better. This is within the capabilities of a cooled CdHgTe
photoconductive detector. The fastest scapning system  yet
described would scan the 8-12 x region in 3 us at a resclution
of 0.50 g, so that the required scan rate of 40 us is feasible.
This data would need to be digitized for transmission to earth
and commercial converters have speeds up to 15 MHz. Al
lowing 4 bits per wavelength interval (intensity scale of
16 : 1) and using the position of the intemsity bits in the bit
string to denote wavelength, the data transmission rate would
be 4 MHz. It appears then that it would be techanologically
feasible to desipn a satellite based systemn with adequate speed.

10. Considering now the senmsitivity of an infra-red line-
scan system, the limiting diseriminating power of the present
CdHgTe detector is 0.08 per cent, the noise level limitation
of the scanoing system is 0.1 per cent. The corresponding
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detection sensitivity for am average nerve agent is about
0.1 mg m— based on jts strongest band. For identification
several bands wiil have to be used which could degrade this
sensitivity by z factor of 2-4. It is possible that more sensitive
detectors may become available and that more efficfent means
of suppressing the system noise may be found. However,
measurements at ground level indicate that atmospheric tur-
bulence itself sets & noise limitation of 004 per cent on the
diserimination sensitivity, These terresirial measuremenis were
made with an instrument having 2 low time constant, but still
one significantly higher than that of the satellite system. It
therefore appears unlikely that a discrimination level better
than 0 I per cent is Hkely to be achieved, so that a sensitivity
of 0.1 mg m-2 is the most that appears practicable. Essentially,
it appears that the intrimsic sensitivity of existing infra-red
detectors is adequate, but that the limiting factor is likely to
be the random noise level of the over-all system.

11. Before the practical value of such a detection sensitivity
is examined, it should be noted that such a detection system
as that discussed above could only recopnize known agents as
the patterns for recognition would have to be stored within
the system. The detection of tests with a new agent would be
outside the capabilities of such a system as the necessary
spectrum analysis, at & rate of the order of 2,500 spectra pe:
second, would involve an extremely large computer organiza-
tion. Even comparison of the limited ranpge of wavelengths
with a limited lHbrary of known chemical agents at this rate
is at the limits of current compwer capabilities.

12. So far sensor sensitivity has been discussed is terms of
the rapid response necessary for a satellite giving wide cover-
age by tracking over a large proportion of the earth's surface.
With a satellite peo-stationary orbit covering a fixed area,
there would be a possibility of improving the sensor sensitivity
gy using integrating techniques as explained in paragraph 21

elow.

C. The probuability of detection by satellite-mounted sensors

13. In assessing the probability of successful detection of
chemical weapon field tests from a sensor-saleilite system, a
number of assumptions have to be made in order to provide
quantitative data inputs. Two necessary assumptions have al-.
ready arisen from the discussion of appropriate sensors, that
is that the sensor is an infra-red spectrophotometer designed to
detect vapours of chemical agents (aerosols would not be as
readily detected by this type of instrument); and that tests
are carried out with known agents.

14. Two more assumptions of particular importance are
made in the following assessment. Firstly, that tests are car-
ried ount at known fixed locations and secondly that tesis are
random with respect to time. Arguments can easily be raised
against both these assumptions. While some tests wounld prob-
ably involve complex support facilities which could not easily
be moved, undoubtedly much testing could be carried out
without such facilities. The choice of random test times was
dictated by the need {o employ numerical values in this quan-
titative assessment. Although it is reasomable to examine the
performance of a detection system under these assumptions,
one must consider later the factors bearing upon detection
possibilities in the case of a deliberate attempt at concealment.

15. A logic diagram showing the interactions of the vari-
ous components which affect the separate probabilities in-
volved in the over-all surveillance system is given im figure 1
below. In addition to the satellite-sensor system which would
scan the test area in a systematic manner the other main com-
ponents are a source {munition/agent) which releases a “puff”
of agent vapour, and the environment which determines the
dispersion of the puff and alse has a large influence on its
detectability. The probability of successful surveillance of field
tests (Ps) is calculated as the product of the following fout
terms:

Pc The probability of a clear sky condition

(environmental factor only)

Pa The probability of coincidence of the affected and
scanned areas

(satellite orbit and puff dispersion factors)
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Pt The probability of coincidence of the puff dispersion and
sensor scanning times

{environment and satellite orbit factors)

Pd ‘The probability of detsction (sensor, puff and satellite
factors)

The first three terms are readily determiped and allow fa-
vourable orbital configurations to be selected. The probability
of detection will be a complex function of sensor-sateliite
characteristics, puff characteristics and environmental factors
and can only be estimated on the basis of further assumptions.
The over-all probability of successful surveillance can then
be calculated for the varfous satellite orbits considersd and
the following paragraphs give details of such calculations.

Caleulation of probabilities

16, The following assumptions are made as the basis for
calculating the probabilities for surveillance:

An instantaneous point source of 10 kg of
volatile pmerve agent (such as might be pro-
duced from one round of a multibarrelled
rocket auncher)

Source:

Puff: The apgent concentration within the puff as-
sumes a normal Gaussian distribotion which is
maintained during dispersion downwind. The
magnitude of this dispersion way calcolated on
the basis of a mathematical model and the
ellipses defining the areas corresponding to
various levels of detectable agent (according
to semsor sensitivities) were derived on the
basis of this model

A flat test location; neutral temperature gradi-
ent; wind steady in direction at 2 mps. Cloud
cover is the average incidence of overcast sky
during the pericd 1900 to 1939 (with separ-
ate winter and summer values)

Environ-
ment:

42

Sensor: A multiple-spot line-scan (800 X 800) infra-
red spectrophotometer with a scan time of
26 s, a resointion of 0.25 mirad and a sensi-
tivity of 0.1 mg m2 (this sensitivity is de-
rived as a product of puff concentration and
puff height terms)

Satellites; Details of some possible satellite orbits which
have been included in the calculations are
given in table 1 below. An important factor
which has not been considered is the system
cost which will increase with satellite size,

complexity and altitude.

Calcidation of Pe

17. This is the probability of a clear sky and is obtained
as 1-—Po (the probability of overcast sky), the latter being
obtained from meteorological records for areas of interest for
the months of January and July, taken to represent winter
and snmmer conditions.

Calculation of Pa and Pt

18. These are the probabilities that the pround track area
covers the area of puff formation and/or dispersion and the
probability that the puff is in the scanned area at the time of
trac;dng. Both terms will differ according to the type of
satellite.

(a) Polar orbit. A sensor in a pear recursion sun-syn-
chronous orbit of this type having a shift for the second day’s
track of ome swathe width (170 km) would achieve complete
ecarth coverage in 1820 days. By a graphical method relating
distance travelled by the puff centroid, wind speed and sensor
sensitivity, it can be deduced that: Pa X Pt = 0.02 for 0.1
mg m-2 sensor sensitivity.

{b) Inclined orbits. The elliptical sun-synchronous inclined
orbit with a period of 12 hours may be used to scan the
northern bemisphere for two 8hour periods during each



Tab

le 1

SOME POSSIBLE SATELLITE ORBITS {APPROXIMATE VALUES)

Type Polar Inclined Equatoria!

Chrbit Circular Circular Elliptic Circular Circulay
Altitade, km ... .. .. 880 1,000 - 10,000 36,000
Apogee, km . .. ... —_ —_ 40,000 J— —
Perigee, km — e 500 - i
Inclination, ("} . ... 99 60 63 0 0
Period, h. ... .. 1.6 17 12 6 24
Recursion No 14 14 2 4 1
Stability, years ~10 =10 -5 >10 >10
Classification Sun- e Sun- — Geo-

synchronous synchronous stationary
Example ERS - MOLNYA SYNCOM
(USA) {USSR) (NATQG)
Sensor, type . iR R R R R
Swathe, km . 170 200 Var. 2,000 7,200
Spot diameter, km .. 022 0.25 Var, 2.5 9.0
Elevation at 50°
latitude, (°) . 90 90 Var, 18°1& 32°44"

24 hours at apogee. In view of the persistence of the puf at
detectable levels for @ sufficient time, Pa X Pt = 1. Scanning
of peripee would give a lower Ft value. The relatively low
circular inclined orbit will result in less favourable Pa X Pt
terms than the elliptical orbit.

{¢) Circular eguatorial erbits. A satellite in 2 geostation-
ary orbit having a sensor aligned and focused on a 7,200 km
square centred on the puff release point can carry out constant
surveillance. Thus Pa X Pt = 1 and Pd will be the critical
factor in this case. A satellite in a 10,000 km orbit scanning
a band of 2,000 km centred on an appropriate latitude would
repeatedly imterrogate a given area once every 6 hours. As with
tnclined orbits Pa % Pt = 1 except at high wind speeds
(during which field tests would be unlikely).

Calculation of Pd

19, Fither the sensor will detect a puff or it will not, that
is, Pd = 1 or 0. A positive sensor system response will
depend not only on pufl characteristics and environmental
conditions, but also particularly on satellite characteristics,
especially altitude since this determines the resolved spot area.

if the product of the ratio puff area/resolved spot area and a
function of the puff height amd agent concentration is equal
to or greater than the detector sensitivity, then Pd = 1.
The area ratios are given in table 2 below and show that
only with equatorial orbits at low sensor sensitivity (1.0 and
0.1 mg m~2) will Pd = 0. This arises from the higher altitude
of the equatorial sateHites, but sensors of higher sensitivity in
such satellites will be effective when the puff area has in-
creased over a period of time.

20. In the case of elliptical inclined orbit it is anticipated
that semsor performance would be likely to be degraded by

directional and focusing problems and that Pd would be low
as a resulf,

21. For a sensor in a non-geostationary orbit, it is consid-
ered that the operational characteristics are likely to be a
sensitivity limit of 0.1 mg m~2 and a resolution of 0.25 mradi-
ans. This performance is attaiable with present technology
making allowance for environmental degradation factors but
caiculations have for completeness been carried out with
sensitivities one order of magunitude on each side of this
value, As noted earlier (paragraph 12), the use of integration

Table 2

RATIO OF PUFF AREA/SENSOR RESOLVED AREA

Satellite

Puff orea/Sensor, resolution for
Sensor sengittvity g m~2)

eltitude Resolution
Type fm radins (km) i0 6.1 6.01 0.661
Polar .......... 380 0.11 92 144 9258
Incliged ........ 1060 0.125 71 577 7180
Elliptic Variable not calcolated
Equatorial ...... 10,000 1.25 0N 3.8 71.8
36,000 4.5 0.055 0.44 5.53 39.5
Source strength: 10 kg
Sensor resolution: (.25 mradians
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techniques is possible for a sensor in geostationary orbit. By
the rapid accumulation of spectra (as in the use of a “com-
puter of average transients”) the signal to noise ratic can be
improved by a factor which approximates to the square root
of the number accumulated. Thus, superimposition of 100
spectra will give an improvement in sepsitivity of a factor of
10. For this reason a possible sensitivity limit of 0.001 mg m-?
has alse been included for such a satellite.

The probability of successful surveillance

22, Details of the individual probability terms discussed
above and the final values of Ps (with separate values for
winter and summer) are given in table 3 below.

23, It is evident from the table that the best orbits are
those im an equatorial plame although an inclined circular
orbit may also be satisfactory if sensor sensitivity can be im-

Table 3

SUMMARY OF PROBABILITY TERMS

Sensor
sense Probabilities*
iy
Sotellite type and wmo m?
alfitude ks Lloees Pe(}) Pe{5) Pax P Pd Ps(W)}) Ps(S)
Polar 880 . ... ol 1.0 0.3 o7 0.01 1 0.01 0.01
0.1 0.3 0.7 0.02 1 0.01 4.02
0.01 0.3 0.7 0.07 1 0.03 0.07
Inclined 1,000 .. ... ....... 1.0 0.3 0.7 0.13 1 0.05 0.11
0.1 0.3 0.7 0.35 1 .11 0.26
0.1 0.3 0.7 1 1 0.30 095
Inclined elliptic .. ... .. ..... .. 1.0 0.3 0.7 notcalculated
0.1 0.3 0.7 notcalculated
0.01 0.3 0.7 notcalculated
Equatorial 10,000 ... .. ....... 1.0 0.3 0.7 i ] 0 0
0.0t 0.3 0.7 1 1 0.30 0.75
0.0 0.3 0.7 1 1 0.30 0.75
Equatorial 36,000 . . .. ... ... 1.0 0.3 0.7 1 0 0 1]
0.1 0.3 0.7 1 0 0 0
8.01 0.3 0.7 1 1 0.30 075
0.001 0.3 0.7 1 1 0.30 075

*Pc

|

probability of clear sky for winter Pc(W) and summer Fc(S)

Pz ¥ Pt = probability of the coincidence of the agent puff and scanned zrea and

coincidence in time
Pd

summer Ps{S)

proved. A qualification to be applied to equatorial orbits is
that sensors may be scanning certain locations at low eleva-
tions and the resulting increased atmospheric path lenpgth will
introduce an unknown factor ipto the Pd values (see figure 1).

24. It is seen that in the best conditions the determining
factor for successful surveillance iz the occurrence of clear
sky conditions -at the fest site. The values given in table 3 are
for a typical MNorthern Hemisphere continental location. The
dominating influence of this particular factor places additional
impertance on the basic assumption discussed eariier, that
tests are random with respect to time. Furthermore, the values
for the probability of clear sky (Pc) are derived from data
for completely overcast sky and do not take account of partial
cloud cover.

Conclusions

25, From this analysis it is comcluded that limited detec-
tion by satellite sepsors of chemical field tests of known agents
in known areas is technmically feasible. The most promising
surveillance system would require an infra-red semsor mounted
in a satejlite in geostationary orbit. The incidence of cloud
cover at the test site would be a major factor in determining
the probabifity of stccessfnl surveillance.

=z probability of detection by the sensor
Ps = over-all probability of successful surveillance in winter Ps(W) and

15.

Sweden: working paper on two groups of chemical agents
of warfare

[CCD/372 of 28 June 1972]
[Original: English}
Introduction
Within a comprehensive treaty prohibiting the develop-
ment, production and storing of chemical ageats of warfare
and prescribing their destruction, those agents which are par-
ticularly toxic and therefore capable of inflicting heavy losses
would probably require more rigorous methods of control
than others. This working paper examines some of the pre-
requisites for such special treatment. It studies whether chemi-
cal agents of warfare as comprised by the Geneva Protocold
and the report of the United Nations on chemical agents of war-
fare®® might be divided into two groups with such character-
istics that different verification procedures would seem meane
ingful.

83 Protocol for the Prohibition of the Use in War of Asphyxi-
ating, Poisonous or Other Gases, and of Bacteriological
Methods of Warfare (League of Nations, Treaty Series, vol.
XCIV, No. 2138}.

8t Chemical and Bacteriological (Bfalog:'cal) Weapons and
the Effects of Their Possible Use (United Nations publication,
Sales No. E.69.1.24).



Chemical substances, whether gaseous, liquid or solid, which
are suitable to be employed in warfare because of their foxic
effects on men, animals or plants, are chemical agents of
warfare.

Some compounds are already known as chemical agents of
warfare, others as potential chemical agents of warfare. Future
compounds which are not yet identified might also become
agents of warfare. Kpown chemical apents of warfare are
listed in literature, for example the reports of the United
MNations and of the World Health Orgenization® and some
potentia! ones are also mentioned in scientific publications.
Such lists or descriptions are easily expanded when the
existence of new agents for chemical warfare becomes known
or can be inferred.

The purpose of this paper is to discuss the principal possi-
bilities to delimit two pgroups of the chemical agents of war-
fare, namely supertoxic agents and other chemical agents of
warfare, and to suggest a reasonable procedure for this. A
delimitation between them should facilitate the discussions
on verification, which are necessary in commexion with nego-
tiations on a comprehensive treaty. Possible methods of veri-
fication for the different groups will mot, however, be dealt
with in this paper.

Earlier delimitation concepls

During the discussions in the Conference of the Commitice
on Disarmament the following concepts have been used for
different delimiting purposes.

{a) Conditional or unconditional prohibition of production:
Swedish statements of 12 March 1970 (CCD/PV.457) and 13
April 1972 (CCD/PV.556).

(b} Superioxic or toxic agents: Swedish statement of 9
March 1971 (CCD/PV.499).

{¢) Single or dual purpose agents: United States working
paper on a work programme regarding negotiations on pro-
hibition of chemical weapons, submitted on 20 March 1972
in document CCD/360 (see sect. 4 above).

"These concepts may need further explanations.

A conditional prohibition would be restricted to production
for use in war. An unconditional prohibition would mean a
total prohibition of production.

Nearly all supertoxic agents are “sinple purpose’ apents,
that is, they have only a belligerent wuse, and it has been
suggested that their production should be unconditionally pro-
hibited. All single purpose agents are not supertoxic. Other
chemical agents of warfare may also have a civilian use,
that is, they are “dual purpose agents”,

Tt is apparent that these sets of concepts are closely ioter-
related, which should be borne in mind in the following
discussion, dealing with the supertoxic agents.

Supertoxic agents

Exactly which agents should be considered as supertoxic has
not yet been definitely decided, although some have been
mentioned, for example, the nerve agents, mustards, and
the toxins. Existing, potential and future chemical agents of
warfare will in all probability have the following properties
in common:

{a) High toxicity;

{&) Rapid onset of effect—minuies to hours;

{c) Physico-chemical properties allowing storage and dis-
semination (or, in the case of binary weapons, only dissemi-
nation);

{d) Reasopably economic use.

From the wuser’s point of view, the acute toxicity of a
chermical agent of warfare is of the greatest importance, and
strong effects of low doses conmsidered as an advaatage. The
most toxic compounds known, which also fit the other cri-
teria mentioned for a chemical agent of warfare, constitute
the greatest threat. Very few of these compounds have any

86 Health Aspects of Chemical and Biclogical Weapons
World Health Organization {Geneva, 1870).
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peaceful use, and none has a necessary use ouiside scientific
laboratories. However, it has to be admitted that future war-
fare agemts with a very high toxicity and an indispensible
peaceful use are possible, although not likely. There are also
technical uncertainties in the determination of acute toxicities,
such as lethal or effective doses.

The effects of chemicals on living organisms are indeed
complicated, In considering which compounds should be re-
garded as supertoxic the lethal dose is important as is the
effective dose. The effective dose has to be effective from a
military point of view and the effects have to have a certain
predictable duration, say from 24 hours and longer following
exposure.

The concept of supertoxic agents should cover all chemical
agents of warfare which are particularly dangerous. Such com-
pounds ig very small quantities cause death or severe, long-
lasting disability.

A tentative delimitation of supertoxic agents is illustrated
in the table below. The delimitation is based upon known
facts and data about some known compounds.

Technical basis and procedure for delimitation

Since the supertoxic agents will have to be treated differently
within a2 comprehensive ban of production of chemical agents,
it will be necessary to agiee on a method for deciding which
new chemical compounds should be characterized as super-
toxic chemical warfare agents, From a technical point of view
this should not be difficult. A group of experts using the kind
of theoretical and practical approach suggested in this working
paper should be able to take on this task.

Many such proups of experts exist for different purposes.
Examples can be seen in international scientific and techno-
logical organizations, which perform their tasks continually
or intermittently. The International Unior of Pure and Applied
Chemistry (IUPAC) is ome such organization, which, for
example, handles nomenclature problems.

Accordingly a list of the superfoxic agents might be pro-
duced on request by an appropriate United Nations authority.
This might be patterned on the work of the United Nations
Committee that is evalvating radiation hazards of radicactive
chemical isotopes on man and his environment, United Na-
tions Scientific Committee on the Effects of Atomic Radiation
{UNSCEAR) which in its turn pothers standardized data from
two international sciemtific bodies, the International Com-
mission on Radiation Protection, {(ICRP) and the International
Commission on Radiation Units and measurements (ICRU)
as well as from UNESCO, WHQ, FAQ, and TAEA.

Reference has already been made to possible technical
changes in the future, which might necessitate revisioms in a
treaty. The need for an updating mechanism covered by a
treaty thus seems established. The same groups of experts and
the United Nations authorities just discussed might also per~
form this task.

Conclusion

There is need for a delimitation of particularly dangerous
chemical apents of warfare, that is, supertoxic agents, as a
basis for different means of coutrel within a comprehensive
treaty prohibiting production of chemical agents of warfare.

In modern applied science the understanding of patterns of
data has increased. The effects of chemicals on living organ-
isms are indeed complicaled and are best described by such
patterns. Delimitation of supertoxic agents from other chemi-
cal agents of warfare has to be founded upon the effects of
chemicals on living organisms and thus on the recognition of
patterns of data from several scientific disciplines and techni-
cal specialities.

Data on chemical agents of warfare are available in litera-
ture, for example, the United Mations and WHO reports on
chemical and biological weapons. These data bhave, as an ex-
periment, been used in this paper to demonstrate the possi-
bility to delimitate supertoxic agents from all agents described
in the reports. As a result it was possible to delimit the most
dangerous chemical agents of warfare as supertoxic agents,



Table

A TENTATIVE DELIMITATION OF SUPERTOXIC CHEMICAL AGENTS OF WARFARE EVALUATED FROM DATA OBTAINED MAINLY FROM
UN anp WHO REPORTS ON BIOLOGICAL AND CHEMICAL WEAPONS

Supertoxic agenis

Qther toric agenis

Epgg;r;:‘l‘g'g;l Botulingl Stgjﬂgﬂu- Nerve Mustard Hydrogen
tozin entero- agentsd gas Fhosgene cyanide s
torin

Lethal dosez (LCtg,

megmin/md) ... . 0.02 e 10 400 1500 3200 50008 50000
Effective doser (ECty,

mg min/m3} o -— 0.03¢c 2.20e 100 1600 2 000b <10
Time to onset of effect hours hours nHnytes hours hours minutes < minutes
Duration of effect .. weeks <24 hours days- weeks- weeks- days minutes

weeks months ¥ months

Dual purposet o oo Bno no {no)t yesE yesE yes!

Tentative line of
delimitation

& The values are estimated for man (see UN and WHO rec-
ports) when not otherwise stated.

B According to United States working paper CCD/360.

¢Inhaled dose in mg, which cansed emesis in rhesus monkey
(see WHO report).

4 Larger groups of agents may be characterized more strictly,
see working papers on this subject submitted by the Nether-
lands in document CCID/320 of 2 March 1971 (ses Official
Records of the Disarmament Commission Supplement for 1971,
document DC/234, annex C, sect. 3) and by the United

which rarely have a peacefu! use and never a necessary one
outside scientific laboratories. Many toxic compounds, most
of them with peaceful uses such as hydrogen cyanide, could
not be considered as belonging to the group of superioxic
agenis.

A technical basis for the delimitation, if the concept of
supertoxicity becomes operatiopal, has been discussed. This
can also serve for a periodic re-evaluation, which becomes
necessary because of conceivable future inventions in the field
of potential chemical agents of warfare.

16.

Tialy: working paper on jdentification and classification
of chemieal warfare agents and on some aspects of the
problem of verification

[CCD/373 of 29 June 1972]
[Original: English]

I. CHEMICAL AGENTS THAT COULD BE BANNED

During past meetings of the Conference of the Committee
on Disarmament there was a clearly discernible need for
identification of “chemical warfare agenis” with a view to
negotiations on a treaty to ban the development, production
and stockpiling of chemical weapons, and to provide for
their destruction.

In our opipion a decisive step towards the identification of
chemical weapons could be taken by defining the character-
istics which, from = military viewpoint, are necessaty to
classify a chemical product as a chemical war agent.

It must be borne in mind, when trying to assign an opera-
tional effectiveness coefficient to a chemiical agent, that this
coefficient is the result of a combination of many factors, of
which toxicity is merely one and not necessarily the most
important. These various factors, which are closely interlinked,
cover aspects ranging from the possibility of propagation in
the target area, to production, storage, etc. It is only through
a careful and correct appraisal of all these factors that it will
be possible to classify a chemical substance as a chemical
warfare agent.
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States in document CCI/365 of 20 June 1972 (see sect. 8 of
the present report).

e Sarin, VX: see UN and WHO reports; Tabun: for egti-
mated doses see 5. Franke, Lehrbuch der Militérchemie, Berlin
Deutscher Miitirverlag, vol. I, 1967.

£ Might be used as an intermediate in laboratory scale syo-
thesis; at present of no known industrial value.

& Raw material.

b Varies with the concentration in air during exposition doe
to the rapid destruction of the agent in the body.

1 Police use.

With a view to negotiating a treaty bamnming chemical
weapons, the chemical substances which present the following
characteristics may be considered as chemical warfare apeats:

(a} Substances whose harmful effects are broupht abont
through contact, ingestion or inhalation, excluding those whose
effects are cansed omly through injection;

(&) Substances which, because of their chemical and physi-
cal properties, can be diffused in the atmosphere by normal
m;htary means (aircraft, helicopters, artiliery, missiles, etc.)
with a concentration high enough in the emission area to pro-
duce the effects predetermined;

(c) Substances which by acting through the means re-
ferred to under point (k) are highly toxic or are capable of
rendering the area uninhabitable for a certain time;

(d) Substances having the above-mentioned characteristics
and capable somehow of remaining in the environment long
enough to develop their harmful action;

{¢) Substances having the above-mentioned characteristics
and which can be produced and stored in such amounts as to
constitute a veritable military stockpile.

On the base of these requirements it seems possible to start
drawing up a first list of substances which can certainly be
considered as chemical warfare agents, with a view to de-
termining the scope of a treaty baoming chemical weapons, as

follows (in the case of dual purpose agents, their peaceful
uses are italicized):

Phosgene or Carboayl Chlorine {COCL)
Choking agent. Intermediate product, Used on a large scale

in the chemical industry for the preparation of dyestuff, phar-
macenatical products, plastics, ete.

Esters of Fluorocarboxylic acids (F-(CH,)_,COOR, in which
n = odd and R = alkly or halogenalkyl)

General toxic action.
Chleropicrin or Nitrochloroform (Q,N-CCly)

Choking agent. Disinfestor for stored goods and for grounds.
Cyanogen bromide (BrCN)

Tear and general toxic agent,
Cyanopen Chloride (CICN)



Tear and toxic agent. Used in cyanate preparation and hale-
genation for the synthesis of dyestdf.

Thiophasgene or Thiocarbonyl Chlozide (C3Cly)
Choking agent.

Mustard gas = 2,2"-Dichlorodiethy] Sulphide (8(CH,CH,CI),)
Blister agent.

Ethyl Chlorosulphonate (Cl-80,-0C,Hy)
Blister and tear agent,

Nitrogen Mustards and Tertiary 2,2' Dinalo Dialky! Amines

(R-N-R,', in which R = Alkyl, halogenalkyl and R’ = halo-
genalkyl)

Blister agent.
Arsine {AsHj)

Genperal toxic agent.
Methyl Dichloro Arsine (AsClL,CH,)

Irritant and blister agent. Used for veterinary products,
Ethyl Dichloro Arsine (AsCl,CoHy)

TIrritant and blister agent. Used for veterinary products.

Lewisite or Dichlore (2Chlorovinyl} Arsine {AsCl,-CH=
CHCH

Blister agent.
Pheny! Dichloro Arsine (AsCL.CyH)
Irritant and blister apgent.
Diphenyl Chloro Arsine (AsCl {CgHy),)
Irritant and blister agent.
Diphenyl Ciano Arsine (ASCN(CyHy) )
Irritant and blister apent.
Adamsite or Diphenyl Amino Chloro Arsine (AsCI(CgH,),
NH)
Irritant agent.
Iron pentacarbonryl (Fe(CO)y)
General toxic agent.
Chloroformosine (CICH=NOH)
Tear and blister agent.
Phosgene Oxin or Dichloroformosine (Cl,C=NOH)
Irritant.
Chloro Isomitrose Acetone (CH,COCCI=NOH)
Irritant,
Organophosphorus compounds

Tabun, GA (ethyl N,N-dimethylphosphoramidocyanidate)
Sarin, GB (isopropyl methylphosphonofluoridate)

Soman, GD (1,2,2-trimethylpropyl methylphosphonofiuori-
date)

V agents {alkyl esters of § dialkylaminoethylmethyl phos-
phonathiolic acids).

The structural formula proposed by the Netherlands in
document CCD/320 of 2 March 19719 could also be used.

Of course, this is not an exhaustive list. It is proposed as a
starting point for = more thorough study of those apents which
must be considered as chemical warfare agents for all intents
and purposes. However, this list seems to us sufficient to war-
ragt some preliminary remarks on the levels of control which
would be required for an effective prohibition of chemical
Weapons.

II. CrAssiFICATION OF CHEMICAL AGENTS

As an examination of the list shows us, the chemical war-
fare agents which could be banned by treaty may be divided
as follows:

88 See Official Records of the Disarmament Commission, Sup-
plement for 1971, document DC/234, annex C, sect. 3.
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According to their use:

(i) Single purpose agents;
{ii) Duel purpose agents;

According to their degree of toxicity:

(i) Predominantly lethal agents whaose effect is achieved in
minimum concentrations. (It is interesting to note that
only single purpose agents fal! within this group of
warfare agents.)

{(ii) Agents whose harmful or lethal effects are achieved
through rather high concentration in the environment,

Special attention must be given to the organophosphorus
compounds: some are already found in military stockpiles,
others can be diverted to warlike uses, and finally others are
used in agriculture as insecticides. If, as appears likely, the
vse of such substances for peaceful purposes is to be banned,

zll organophosphorus compounds may be considered as chemi-
cal war agents.

II. SoME CONSIDERATIONS ON THE PROBLEM OF VERIEICATION
1. Single purpose agents

Turning to the problem of verification, we see that the
single purpose agents—and the most dangerous ones—are in
most cases based on the use of raw materials which can be
considered “critical”: these materials, though abundant, are
critical in as much as their sources are limited in number and
are located in well-defined aress. In a previous working paper,
CCD/335 of § July 197107, we tried to highlight the possi-
bilities and limits of a non-intrusive system of controls of such
materials throughout the entire process of production, trade
and use.

This type of control, which is based in large part on the
annlysis and interpretation of statistical data, wiil be all the
easier to carry out as the proportions of raw materials required
for military use are greater tham the average amounts used
for civilian purposes in n given State, if that State were to
decide to build up a militarily useful chemical stockpile,

Accordingly, this type of control would be applicable to a
wide range of States, at least for verification of suspected vio-
lations, and appropriate procedures should, of course, be laid
down for following action. On the other hand, this type of
control would be impossible in the case of countries which are
major producers and consumers of such raw materials. In their
case, it would be useful and fitting to invite contributions in
the form of studies apd ideas from countries represented on
the Committee on Disarmament in order to determine which
factors—-if any-~when combined, might pave the way to a
method of control (hopefully, 2 non-intrusive one), even for
this limited number of cases.

2. Dual purpose agents

Concerning those chemicals which can be used either for
civilian or military purposes, the problem of verification seems
easier. These chemical agents have, in fact, a low lethal index.

If a State wishes to build up a militarily useful arsenmal
from such substances, it would have to divert large amounts
of them for that purpose with significant impact on the aver-
age amount produced for large-scale civilian uses.

Under these circumstances, the establishment of a method
of monitoring these substances based on the compilation (al-
ready done in part for other purposes) and interpretation of
statistical data appears to be a simpler, and certainly not an
insoluble problem.

The industrial and economic data would have to be suffi-
ciently ample and apalytical to reveal meaningful deviations
either in the average or in the forecast indexes.

&1 1bid., sect. 17.



17.

Japan: working paper on the gquestion of a criterion to be
used to choracterize supertoxic chemical agents

[CCD/374 of 5 July 1972}
[Original: English]

1. Determination of a toxic criterion

The LDy, of all chemical substances, if plotted according
to the degree of toxicity, will give an almost unbroken line
(tentatively to be called the LDy, spectrum, see chart I). If
the number of such substances is finite, that line will be of a
definite length. If botulinum toxin A (LDy, in mice 0.00.-
0.00003 up/kg), which is said to be the most toxic substance
known, is placed at the left end of that line, all other sub-
stances will be to the right of botilinum toxin A. While it is
not clear what will come at the other end of the line, we may
ignore substances at the right end as they counld never be
utilized as chemical weapons.

At the meeting of this Committee held on 8 August 1970,
we tried to limit the scope of prohibition to chernical sub-
stances coming to the left of a certain marked peint (target
point) on this LDy, spectrum and suggested the toxicity level
of LDg,, 0.5 milligrams per kilopram of body weight by
hypodermic injection (CCD/301).98 The figure was chosen
with a view to listing as many as possible of those compounds
which could be used for chemical weapon purposes, at least
those recognized as such, and omilting as many as possible
of those chemical substances which are used znd produced
only for peaceful purposes.

The reason why we suggested LDy, 0.5 mg/kg by hypo-
dermic injection was that we chose to concentrate on Soman
{1.Dgy, 0.35 ma/kp, subcutaneous) which is one of the Jowest
in toxicity amaong the existing nerve agenis, and that, by select-
ing as the target point a toxicity level close to the LD, of
Soman on the spectrum, all the krown nerve agents available
for use as chemical weapons would come to the left of that
target, while only a few chemical substances used for peaceful
purposes will come in this category.

It is a well-known fact that the 1D, of chemical substances
varies with changes in the experimental conditions, for ex-
ample, animal species and administration route, etc. and it is
desirable therefore that the LDy, spectrum should be arranged
with the measurements from tests carried out under identical
conditions.

This paper deals in some detail and in a concrete manner
with the results of investigations we have conducted making
use of the available literature. The LDy, of about 130 organo-
phosphorus compounds, the group to which the above-
mentioned nerve agents belong, are known The 1Dy, of
organophosporus agents for use as insecticides and in medicine
are shown in tables 1 and 2 respectively, while the LDy, of
organophosphorus agents for wvse as chemical weapons and
other organophosphorus apents of roughly similar toxicity are
shown in fables 3 and 4.

L Igz'}dn, Supplement for 1970, document DC/233, annex C,
sect. 30.

Table 1
Hame LD, (mglky)

Acethion 1280 mice ip.
Amiphos, DAEP 432 mice p.0.
Azethion e .. 1000 rats p.O.
Chiorothion .. .. .. . . 337 mice p-0.

1500 rais p.c.

750 rats ip.
Cyanox, CYA? ... . . 995 mice PO
Pelnav .. ........... ... 110 rats p-o.

Table I (continued)

Name LD, (mplkg)
DDVP . ...... . 29 mice ip.
50-70  rats DO
Diazinon 65 mice i.p.
108 rats p.o.
Dibrom ... 120 mice p-o.
Dicapton .......c..ocnenn- 400 mice p.0.
Dimefox, Hanane 1.2 mice ip.
4.5 rats p.0.
Dimethoate 140 mice p.0.
Diptrex 500 mice Lp.
450 rats PO
Disyston, Dithiosystor ..... 5-6 mice i.p-
144 mice p-0.
5 ratg po.
DEP . e 65.4 mice p.O-
EDDP, Hincsan 218 mice P.O-
EPN 48 mice ip.
33 mice p.o.
14 rats p.0.
ESBP Cee 750 mice p-o.
Ethion, Nialate o 179 rats 0.
Gusathion, Guthion ........ 3.5 mice ip.
16 rats p.o.
IBK, Kitazin-P ......... 660 mice p.0.
IPSP .o s 86 mice p.O.
Isomethylsystox  ........... 60 rats p.0.
Tsosystox, Isodemeton ... . . 5.6-5.9 mice ip.
1.5 rats p-o.
Lebaycid, Bayeid 88 mice p.o.
250 rats p.o.
Malathion 720 mice P.o.
750 rats ip.
Mecarbam, ... .o veennan 92 mice p.o.
MEP, Sumithion . ... 870 mice P.O.
242 rats PO,
Mesyston 21.2 mice D.O.
50 rats p.o.
Metasystox, Methyldemeton 2.9.3.3 mice 5.C,
17 mice P-0.
40 rats p-0.
Methylparathion 19.22  mice p.o.
30 mice 8.C.
25 rats p.0-
2.8 rats ip.
Mipafox, Isopestox 90 rats ip.
4.5 rats p.0.
Nemacide 210 rats PO
NPD ... 1100 raty ip.
OMPA, Schradan ........ . 17 mice ip.
8 rats ip.
8-10  rats p.0.
Parzoxon-ME . .......... 14 mice LA
Parathion .. ... ... ... ... 10-12  mice 8.C.
5.5 mice ip.
PAP . i 4 mice p.o.
3.5 rats ip.
Phosdrn ... .. ..., 8.9 mice P.o.
PMP i s 34 mice .0,
Potasan 25 mice 5.8
15 rals i.p.



Tablel ({continued} Table 3
Name LD, {(mglkg) Name LDe, (mglkg) Reference
Pyrazoxon 4 mice p.o. Sarin 0214  mice s.c. B, M, Askew (1957)
Pyrazothion ............... 12 mice PO, 0.42 mice ip. B. Holmstedt (1951, 1959)
36 rats p.o. 0.580 rnice ip. T. A. Loomis (1963)
Ronnel, Nankor 2500 rats .0, 0.585  mice ip. T. A. Loomis (1956)
Resitox, Asuntol 100 rats p.0. 9.2 mice p.e. T. A. Loomis (1963)
Rubitox 1313 mice 0. 0045  rats iv. K. P. DuBois (1963)
Sulfotepp ... eiioaos B mice 5.C. 0.056  rats iv. I H. Fleisher (1960)
Systox, Demeton .......... 3 rats ip. 0.113  rats s.c. J. H. Fleisher (1970)
30 rats po. 0.116  rats s.c. B. M. Askew (1957)
Tetram, Amiton 0.5 mice ip. 0.55 rats p.o. K. P. DuBois (1963)
3.7 rats p.0. 0016 rabbits iv. K. P. DuBois (1963)
: N i ip. 0.046  guinea-
Thimet ol e o pig  sc. B. M. Askew (1957)
Thiometon, Ekatin . ... ..., 64 mice PO, 0.038 m?nkeys ‘s,c« B. M. Askew (1957)
TIPP 16 mice ip. Soman 342752 mfc: 1; D. H. McKay (1971)
e s . . mic .
Vamidathion : 45.6  mice po- 0.62 mice  ip. T. A. Loomis (1963)
VC-13, ECP ... 210 rats p-0. 78  mice  pc T. A Loomis (1963)
p.o. = oral; s.c. = subcutaneous; ip. = intraperitoneal Tabun 0.15 mice iv. K. P. DuBois (1963)
0.6 mice ip. B. Holmstedt (1951)
Table 2 0.06 rats iv. K. P. DuBois (1963)
0.12 rats iv. 3. H. Fleisher (1960)
Name LDy, (mplkg} 37 rats pe. K. P. DuBois (1963)
; . 0.06 rabbits  iv. K. P. DuBois (1963)
DEP o e 4 nice Lp- 16.3 rabbits p.o. K. P. DuBois (1963)
Echothiophate 0.14  mice ip. 008 dogs  iv. K. P. DuBois (1963)
Paraoxon 0.6-0.8 mice s-c. 8 dogs  p.o. K. P. DuBois (1963)
7.8 rats P.o.
TEPP 0.7 mice ip. vX ...005 mice ip. §. M. Aquilonius et al
0.85 mice ip. (1564)
1.9 mice p-o. . i
0.65 rais ip. _po. = oral; s.c. = subcutaneous; ip. == intraperitoneal;
i.v, — igtravenous; p.c. == percutaneous
Table 4
Name LD,, (mglkyg)

Diethyl S-ethylsuifonylmethylihiophosphate

Diethyl S-ethylthiomethyl thiophosphate .

Diethyl S-(2-dimethylamincetiiyl) thiophosphate .

Diethyl 8-(2-triethylammonium methyl) thaophosphate 1od1de

Dimethylamido-isopropexy-phosphoryl cyanide
Ethoxy-methyl-phosphoryl thiocholine iodide .

Methyifiuorophosphorylcarbocholine
Methylfiuorophosphoryl- -methylcholine
Methylfluorophosphorylcholine

Methylfiuorophosphorylhomocholine

Methylsopropoxy-{2-dimethylaminoethyl) thiophosphine oxide

Methylisoproproxyphasphorylthiccholine
Tetraethylmonothionopyrophosphate

05 rats p.o.
0.25 rats p.o.
041 mice Lp
0.17 mice ip.
0.5 mice Lp.
0.03 mice ip.
0.80 mice ip.
0.100 rabbits iv.
0.07 mice ip.
0.008 rabbits LV,
0.10 miice i.p.
0.010 rabbits iv.
005 mice ip.
0.06 rabhbits iv.
0.27 mice ip
0.1z mice ip
0.7 mice ip.

Many of the data were oblained in tests with mice and
rats, while the administration route was mostly iotraperitoneal
or oral. As to organophosphorus agents for use as chemical
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weapors, there are many data available on intraperitoneal in-
jections. In the case of ingecticides, many statistics are ob-
tained from oral administration. However, we may estimate



the LDy, for intraperitoneal administration from statistics for
oral administration, as about a fifth of orally administered
LDy, is considered to be the LDy, for intraperitoneal admini-
stration. Consequently, it becomes possible to construct the
LD, spectrum for the more reliable intraperitoneal injection
in a mouse, by making use of the available statistics. We be-
lieve it will be possible to select a target point on an LDy,
spectrum, taking into account the same factors as when we
selected a target point on the LD,, spectrum for hypodermic
injection mentioned above. In other words, it would be appro-
priate to select the LDy, 0.62 mg/kg, intraperitoneal of Soman
as the target point.

If we choose this as the target point, among the organo-
phosphorus agents for civil uses coming to the left of this
point on the spectrum shown in chart 1, there will be one
insecticide (tetram: 0.5 mg/kg, mice, intraperitoneal) and two
medicines (paraxon: 0.6 mg/kg, mice, subcutaneous, echo-
thiophate: 0.14 mg/kg, mice, intraperitoneal). Table 4 gives
13 organophosphorus compounds which are considered to be
of approximately the same toxicity level as chemical warfare

compounds. Nine of those chemical compounds will come to
the left of the target point.

Judged from the LDy, of these organmophosphorus com-
pounds, there is a strong possibility of their being used as
chemical warfare agents, while tu. above-mentioned three
chemical compounds, which are obviously used for peaceful
purposes, could quite possibly be replaced by other less toxic
chemical compounds. Therefore, even if those organophos-
phorus compounds, out of the many existing ones, are to be
prohibited, it would not greatly affect peaceful industry.

Thus, two toxicity levels are suggested; one for hypodermic
injection mentioned in our working paper (CCD/301) and the
other for intraperitoneal injection. It is also suggested to
choose, by way of an example, one promising criterion, that of
Soman, as the lowest in toxicity. However, it would be neces-
sary to make adequate adjustments according to circumstances,
as when, for example, a means of increasing the toxicity of
lower toxic compounds by combining several chemical com-
pounds or by using adjuvants is developed or when a hitherto
unknown chemical warfare compound is discovered.

Chart 1

* Chermical dgents which
| could be used as
warfare agents

Chemical substances

Amount of for peaceful purposes
distributicn =
: : (Distributiun curve) \
i I
' 1 i
\ i |
1 ! 1
. 1 1
) ! '
! |
| 1 } |
H I ] H
: | ! I
1 ! i t Technical
Substances } Botulinum VX Soman Ronnel limit of
1 ]
} xin A : i = LDgg
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LD kg ! !
50 (me'kg %108 5x1072  6x10" 25x103  2x10% ?
2. Standardization of experimental conditions for tests (3) Others

to determine LDy,

The above-mentioned toxicity levels have been chosen as a
result of our study made exclusively on the basis of the data
which are available now. Of course, all LD, to be used in
selecting the target point must be accurate and have a high
objective validity. Therefore, the following items should be
given due consideration in setting the experimental conditions
for tests for the determination of toxicity:

(1) Animals

(i} Species (for example, dog, monkey, rat and/or mouse)
and strain (pure strain)

(ii) Sex, age, weight

(2) Chemical substances
(i) Concentration, vehicle

(ii) Route of administration (intravenous, intraperitoneal,
subcutaneous, intramuscular, oral, inhalant, and/or
cutaneous) and the region where subcutaneous, intra-
muscular and cuticular injection is to be effected
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(i) Temperature, humidity
(ii) Fasting time
(iii) Duration of observation, etc.

3. Delimitation of organophosphorus compounds

We believe that the classification of chemical compounds by
toxicity criterion as we have suggested is one effective means
by which to designate those nerve agents which are available
for use as chemical weapons. However, using only a toxicity
criterion based on the LDy, spectrum, some of the chemical
substances for civil uses (alkaloid, plant heart poison, etc.)
come under category II of chart 2.

Accordingly, we could limit the scope of chemical agents
in a more clearcut way by selecting supertoxic chemical
agents, which can be subject to verification and which would
be those most likely to be used in warfare from among the
chemical compounds classified as supertoxic compounds using
our toxicity criterion. In the light of such a consideration, it
might be appropriate that we concentrate ourselves on super-
toxic organophosphorus compounds (the square indicated by
P on chart 2.)



Chart 2
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This is because organophosphorus compounds bave the
following characteristics: {1) the supertoxic organophosphorus
compounds are those of the highest toxicity and there is a
strong possibility that more toxic chemical weapons will be
developed in the future from ameng such organophosphorus
compounds; (2) it is possible to measure the amount of such
organophosphorus compounds at the stage of production be-
cause they are produced from yellow-phosphorus; (3) all or-
ganophosphorus compounds indicate special anti-cholinesterase
activities; (4) there are differences in chemical structural
formula between such organophosphorus compounds for peace-
ful and those for weapon purposes.

It should be noted that, by making use of the characteristics
mentioned in paragraphs 3 and 4, we could detect the relevant
supertoxic organophosphorus compounds by means of gascro-
matography or by measuring cholizesterase activity.

4. Possible chemical structural formula for organphosphorus
compounds for weapon purposes

As to the method for defining such supertoxic organophos-
phorus compounds, the Netherlands representative suggested
a method using chemical structural formula (CCD/320).98

The common characteristics of organophosphorus mnerve
agents for weapon purposes, such as sarin, soman, and the
V agents are that there are methyl and phospherus (CHy-P)
bonds in their molecales. On the other hand, though the
mechanism of their action is the same, organophosphorus in-
secticides, which are of much lower toxicity, do not have any
CH,-P bonds in their molecules. Nor do other organophos-
phorus compounds for peaceful purposes have such bonds.
Therefore, if we could establish techmiques for the micro-
anatysis of CH,-P bonds, it should contribute greatly to the
detection of organophosporus nerve agents.

However, some supertoxic organophosphorus compounds
have bonds of lower alkyl radical and phosphorus. The repre-

L2y IBb:'d., Supplement for 1971, document DC/234, annex C,
sect. 3.

Low-toxic compounds

sentative of the Netheriands presented in the above-mentioned
working paper a general structural formula (sce chart 3) as
a criterion by which to define superfoxic agents. As we cob-
sider the approach suggested by the Netherlands to be very
appropriate, we bave carried out our work on the listing of
all generally kmown organophosphorus compounds and put-
ting them in order on the basis of their structural formula.

As 2 result of this work, we have come to the conclusion
that the gemeral structural formula for organophosphorus
perve agents given in chart 4 is the most suitable, (For details,
see appendix.)

Chart 3
A general formula proposed by Netherlands (CCD/320)

R Y\P/Z
R.’/ \X
in which:
Y = Oor$
Z = QoS

X = F, CN, Ny, SR”, S(CH,),SR”, S(CH,),
S + (R")a S(CH)N@R"), S(CH,
N 4+ (R");

R = (Substituted) alkyl, cycloalkyl or hydrogen
R’ = Alkyl, dialkylamino
R™ = Alkyl



Chart 4

A general stmctural formula for our study

o)

N

R\
/ P
X Y - R
in which:
R = Alkyl, dialkylamino or alkoxy
R’ = {Substituted) alkyl, cycloalkyl or hydrogen

Y == Oor$S

X = F, CN, S(CH,)SR”, S(CHp),NR",
S(CH,),+-SR"y, S(CHy)+NR"y,
S(CH,),NHR", S(CH,),SO;R"

R” = Alkyl

Appendix

EXPLANATION OF THE GENERAL FORMULA FOR THR DESIGNATION
OF SUPERTOXIC ORGANOPHOSPHORUS COMPOUNDS

In this appendix a detailed explanation of the possible
general formula proposed for the supertoxic organophosphorus
compounds is presented for consideration in connexion with
the discussion in the Conference of the Committee on Dis-
armament to find a possible geperal formula to designate
nerve agents within the field of the arganophosphorus com-
pounds, The following remarks relate to the chemical strue-
ture and toxicity of the supertoxic organophosphorus coin-
pounds.

A general formula (1) has been proposed by G. Schmdcr‘fﬂ
for those organophosphorus compounds which have high toxic
properties:

Ry

V4
N

R Acyl
()
in which:
R,, Ry = alkoxy, alkyl, or amine
Acyl == inorgamic or organic radical groups (for ex-

ample, -F, -Cl, -SCN, -5, phenol, enol, ete.)

Among the compounds with this formula, thers are many
superfoxic nmetve agents, many of which are the so-called
chemical warfare nerve agents.

0 See Angewandte Chemie, vol. 62, 1950, p. 471.

M. F. Sartori and otkers also proposed,’* a general formula
(I1} for some of those supertoxic organophosphorus com-
pounds known as G agents, and the toxicity of the agents
covered by the formula was compared with that of diisopropyl
finorophosphate (DFP):

N

(ID)
in which:
R =

C,H,0, CH, CHy
e

CHO
/

R'= (CHg).N, C;H;NH, CH,

On the other hand, the high mammalian texicity of such
perve apgents as sariu, tabun, soman, etc. has been investi-
gated by many researchers using various measuring methods.
Tables 1 and 2 lst the toxicity of those agents which have
been reported in the published literature. As shown in table 2,
however, differing values of LDy, as median lethal dosage,
are reported for the same apimals using the same experimen-
tal method. This is ome of the problems which should be
carefully discussed by toxicology experts when a toxicity stan-
dard is being established. If a toxicity criterion is adopted, it
will be necessary to provide for a uniform laboratory method
for determining the toxicity of a compound. For example, the
following factors should be dealt with: the kind of animal to
be used, their number and weight, the method of application
of the chemicals, measuring conditions, vehicle, equipment
apd instruments, and other conditions.

Since ihe First World War, new compounds which are ex-
tremely toxic to warm-bloeded animals have been developed
by many investigators, such as Dr. Schrader and Dr. Ghosh,
etc. Nowadays, under such code-names as VX, VE, GT-23,
§-27, Edemo, or F-gas, these new nerve agenis are known
as chemical warfare perve agents. Table 4 lists 16 compounds
that have been described in the published literature and which
cotrespond to the general formula () for the V apents
published by the British chemical weapons establishment,

AN

Rlo\

R, SCH,CH,N(R;)z
(111

in which:

Ry Ry, Ry = alkyl or aryl

71 See Chemical Review, vol, 225, 1951, t



Table 1

ToxiCiTy OF (G NERVE AGENTS

Chemical
struciure LDy, Asnimals Adminisira-
{name) {mglkg) used Hon route
CH:’\ 0.42 oo ...+ ..... mmice ip.
CHO /O 9.2 R . .... mmice p.C.
w7 N2 e s iv.
3 VRN 6133 . ... ... ..c..... iats 5.C.
CHy F 055 . .. . .. ..ocve.... 1AIS po.
{Sarin) 0.016 e wiie i eiu... rabbits iv.
(CH,),CCHO 0
lH \P/ 0.2 .. i eeanaeenans ... mice ip.
C3/ \ 0.62 . .. .. ... ... ..... mice ip.
7.8 . .. . ..... mice G
CH, F P
{Soman)
015 . .. ... ... iaiies.... mice iv.
C,H;0 ] 0.6 L ... ... mice ip.
\‘ / 006 .. ........ . ....... Tats iv.
P 37 . ..., ...... Tats p-o.
006 . .. . ..... .. ... . rabbits v,
(CHg) N CN 153 . .. ..... rabbits p.o.
(Tabun} 0.08 . e ... ... dogs iv.
8 . ... .i.... dogs PO
(VX) 0.05 L . mice ip.
1967S°URCE: S. Francke, Lehrbuch der Militirchemie, Berlin, Deutscher Militirveriag, vol. 1,
ip. = intraperitonesl, p.c. = percutaneons, Lv. = intravenous, s.¢. == subcutaneous,
p-0. = oral.

Table 2
Tue foxicrry {LDg,) oF SarmN {GB)

Anlmals Administra- 1D,
ured tion route {mglkg} Reporter
mCE . o e 0.585£0.23 T. A. Loowis
ip. 0.42-0.59 Hodge, Holmstedt
5.C. 0.06-0.15 Lohs er al.
$.C. 0.173 E. Bay
5.C 0.22 B, M. Askew

inhalation  150-360
{mg-min/m3)

rats .. 5.C. 0.17
s.c. 014
5.C. 0.63
5.C. 0.109
5.C. 0.097
5.8, 0.127
iv. 0.08
p.0. 0.6

inkalation 220-300
(mg-min/m?®)

monkey .. ... .. ... . . 8. 0.025
5.C. 0.025
L. 0.0205
iv. 0021
inhslation 64-150
{tng-min/m3)

inhalation 0.0235

Dubois et al.

D. Grob

b. R. Davis
E. Bay

S. Calaway
H. Culumbin
B. M. Askew
H. Culumbin
D. Grob
DuBois

8. Calaway
B. M. Askew
P. Cresthull
5. Oberst
DuBois

W, S. Koor ef al
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Of these V agents, the phosphates known as VE which have
CHg-radical in their P-alkyl bond are exceptionally toxic,
When compared with the G agents, such as sarin, tabun and
soman, the toxicity of the V agents is found to be from

several times 1o several hundred times greater than that of
the G agents, as shown in table 3.

In addition, several supertoxic organophosphorus compounds
with chemical structure analogous to that of the V agents, and
whose toxic effects are reported in the literature, are listed
in table 5, from which the chemical structure and the toxi-
city of these compounds are seen to be almost the same as
those of the V agents. From this table, the following three
sub-general formulae (IV), (V) and (VI} are summarized.

Table 3

TEE TOXICITY OF TYPICAL NERVE AGENTS

Name

Lethal dosage on bare skin

{mg)
Tabun 200-400
Sarin 100-200
Soman 50-100
VE 2-10

Sowmce: BC-stridsmedel, FOA, Stockholm, 1964,

Table 4

YV AGENTS THAT HAVE BEEN DESCRIBED IN THE PUBLISHED LITERATURE

Formula

Nawme
C,H,0 o
TN / Ethyl S-2-diethylaminoethyl cyclohexyl
P ~ phosphonothiolate
®/ S{CH,)aN(CyHyg) o
C,H.O 0
R N Ethyl S-2-diethylaminocthy! n-hexyl
/P ~ phosphonothiolate
1-CoHyy S{CH.) o N(CuH)

C,H.0

\v/
/N

n-C,yH,y S(CH,),N(CoH;),
C,H;0 0
TN ,/
- P
H'C;gHT \ S(C Hﬁ}l-'N(c:!Hﬁ):{
CH.O 3]
TN A
P
/ "‘\
i-C.H; S(CH,)N({C,H, ),
C.H.O 4o
Piiabatt] \ P/
CﬂHa/ \ S{CH,).N =<H>
CoH. () 0
-t it \I /

)

\
/

C,Hy S(CH,) WN{CoHy) o
C,H.0 0
ekl \P/

RN

0
13
o

S(CH,) N(CH,),

w

Ethyl 5-2-diethylaminoethyl n-butyl
phosphonothiolate

Fithyl §-2-dietbylaminoethyl n-propyl
phosphonothiolate

Ethyl S-2-diethylaminoethyl i-propyl
phosphonothiolate

Ethyl 8-2-piperidylaminocthyl ethyl
phosphonothiolate

Ethyl §-2-diethylaminoethyl ethyl
phosphonothiolate

Ethyl S-2-dimethylaminoethy! ethyl
phosphonothiolate
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Table 4 {continued)

Formula Nuawe
CaH.O O
2445 \P/
/ - CH, Ethyl 52 methylphenylaminoetbyl methyl
CH, S(CH, )N phosphonothiolate (GT 23)
CoH;
C.H,0 O
BN P/ Ethyl S-2-diethylaminoethyl methyl
// \ phosphonothiolate (F.-gas)
CH; S(CH,)aN(C,H,)
CH,0 0
™~ // Ethyl S-2-dimethy] aminoethy! methyl
/,P\ phosphonothiolate (VX)
CHy S(CH,) o N(CH;),
HO
~ / o
/Y’\ (827)
CH; S(CH, ) N(C,H, ),
CH,0 G
NP Methyl S-2-diethylaminoethyl methyl
// P\\ phosphonothiolate
CHy S(CH,)N(C,yHg),
i-C,H.0 )
3 ™~ / Isopropyl S-2-diethylaminoethyl methyl
/?\ phosphonothiolate (37 SN)
CH(! S(CHE)QN(CEHﬁ)z
i-C.H,O 0
TN / Isopropyl S-2-dimethylamincethyl methyl
/ P \ phosphonothiolate
CH; S(CH, ) N(CH,),
‘H>—0 0 .
N 7 Cyclopentyl $-2-dimethylamino-ethyl methyl
/ P phosphonothiclate
CH, S(CH, ), N(CH,),

Source: The problem of chemical and biological warfare, SIPRI, Stockholm,, Almqvist

and Wiksell, vol. 1, 1971.

Table 5

COMPOUNDS ANALOGOUS TO THE V NERVE AGENTS

Animals Adminisira- LD

Formula Nome used tHon route (mg/';:;r)

CoH,0 o)
TN Ethoxy S-2-ethyl-aminoethyl

/P-.\ ethyl phospine oxide . ... rats p-o. 0.25
C,Hy S(CH,);NHC,H;
C,H,0 0

™~ P'/// Fthoxy &-2-ethyl-aminoethyl

/ \ methyl phosphine oxide ... rats 0. 0.25

CH, S(CH,),;NHC,H;
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Table 5 {continued)

Animals  Administro- LD,
Formula Name wsed tion route (mglky)
C,H0 o 0
\‘P/ Diethoxy phosphoryl ip. 0.14
~. 4 thiocholin . ... ........x0 mice B.c. 0.26
C,H.0 < $(CH,),N(CHj),
C,H,0 0
™~ I’/ Ethoxy methyl phosphoryl
oo thiocholin ........ .. 0vns mice iLp. 0.03
CHS/ ™~ S(CH,),N(CH,)
C.H O
S N / Diethyl $-2-ethyl-aminoethy!
- P’ thiophosphate (Amiton) .. rals D.0. 3.5
mice ip. 0.5
C,H, ~ S(CH,) ,NHC,H, P
CoH, o}
\‘;p/ Diethyl S-2-triethylammoninm
P + — ethyl thiophosphate jodide. . mice ip. 0.17
C,H, " S(CH,) N(CHy) 51
CH, 0
\ » / .
N +,""°  Dimethyl S-(2-(Sethyl-S*
CH’ S(CH,),S ethyl-thicethylsulfoniom) 0.004
C,H,SC,H cthyl) thiophosphate ... .. rats iv. 0:905
40ba by
CoH0 0
™~ P/ Diethoxy S-ethyl-snifonyl
N methyl thiophosphate ..... rats p.o. 0.5
C,H,0 SCH,50,C,H,
C,H,0 0
N7 Diethoxy S-ethyl-thiomethyl
/1’\ thiophosphate ............ rots po. 025
C,H,0 S(CH,S C,Hg
C,H,0 o
NG / Diethoxy S-(2-dimethylamino-
/P\ ethyl) thiophosphate ... ... mice ip. 0.41
C,H.0 'S(CH,),N(CHy)y
CyHgO ///O Diethogy S-(2-triethylam-
S monium methyl) thiophos-
// S e . phate iodide (DST) mice ip. 0.17
C,H,0 SCH,N(CoHy) 5l
CoH0 o
™~ P/ Etho?ry @et@yip_hosphoryi i .
/ . + -— thipcolin  iodide mice ip. 0.03
CH, S(CH,) ,N(CH,) I

Sounrce: S. Francke, Lehrbuch der Militirchemie, Berlin, Deutscher Milithrverlag, vol. 1, 1967 and
Handbuch der Experimentellen pharmakologie, Cholinesterase and Anticholinesterase, Springer Verlag, vol. 15,

1963.
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R’O\
) /
Rl

™~
o

0 R,0 /0
/ ] /
R,0 S(CH,) N(Rg)y , -S(CHp ), N(R3),
(V1) -S({CH,)SO.R3,
S(CH,) N(Ry), -5{CH,) SR,
(1v) in which:
0 Ry, Ry Ry == alkyl
Similarly, the following two sub-general formulae (VII) and
+ (VIII) are summarized from table 6, in which the chemical
S(CH,),N(Ry)s, -S(CH,),NHR, structure and the toxicity of the compounds are almost the

VAN

v

same as those of the G agents.

Table 6

COMPOUNDS ANALOGOUS TO THE (G NERVE AGENTS

Animals  Administre Lo,
Formula Name utpd tion route {mplkp)
/ CH 3, 3-dimethylbutoxy(2)-
/ 3 methyl phosphoryl 0.04
\ fluoride (Soman) mice 5.0, 001
QCHC(CH,),
CH“\ /0 propoxy-(2)-methyl phos- i.p. 0.2
P phoryl finoride (Sarin) . mice 0.05
7N 8.c. 02
F OCH(CHy),
CH, 0
~ //’ methyl fluoro phosphnryl
P cholin ... ... ..o aaan, mice ip. 0.1
VRN +
F O(CH,),N{CHy};
CH 0
N 7 methyl fluoro phosphoryl
/P\ CH, n 2-methyl cholin .. .. mice ip. 0.03
4
F OCH,CH - N(CHg)y
CH, O
N ///’ methyl fluoro phosphoryl
P nomo cholin ... . mice ip. 0.05
/N i
F O(CH,) ;N{CHy)q
CH.)N 0
(CHy)s N dimenthylamino ethoxy phos-
/ P\ phoryl cyanide (Tabun) mice ip. 0.6
C,H.0 CN
CH.) N 0]
(Hsd N dimethylamino isopropoxy
/P\ phosphoryl cyanide .. . mice 1p. 0.5
i-C.H, 0O CN
methyl fluorophesphoryl
carbo cholin ..... ........ mice ip. 0.8
Source: Same as Table 5.
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R\P/O

On the other hand, since it was proved that organophos-
phorus compounds exert their toxic effects by inhibition of
the enzyme acetylcholinesterase, a considerable amount of

P information about the relationship between chemical struc-
X ~ . . o o e f
OR’ or OR'N({R Ya fure and ability to inohibit acetylcholinesterase has become
VI available. The reactivity of organophesphorus compounds with
i which: (Vi) the enzyme is considerably influenced by the following factors:
m;: ¢ M F (1) The strenpth of the electron affinity of phosphorus atom;
R R : 1 (2) Bonding-force of ester group to phosphorus atom;
R = alky (3) Steric effects of substituted proups, efc.
Y. 0 Furthermore, the ability of these phosphorus compotnds to
\ / inhibit the enzyme is also in proportion to their affinity to
P cholinesterase,
/ \ The apents with a great capability for inhibiting cholines-
RO e terase in warm blooded animals are in general of two main
types, namely, organophosphorus compounds and carbamate
(VIID compounds. Here, three or four hundred of the more toxic
. ich: organophosphorus are listed from among those compounds
in which: which have refatively high toxic effects, and which are men-
X =CN tioned in the literature, and subsequently, varfous sub-general
Y == N(CHg)y formulae are summarized in table 7 as groups 1-12.
Table 7
POSSIBLE SUB-GENERAL FORMULA FOR RELATIVELY HIGH TOXIC ORGANPHOSPHORUS COMPOUNDS
Sub- 1
Grouf ’}af,ff:s;a Rodical gronups
R,0 o]
. ™~ P/ X = F, Cl, OR,
Ry Ray Ry = alkyl, aryl
R,0 / ~ X
R\R N 0
TN A X = F, CN, C1, OCN, SCN, OR,
2 PN Ry, Ry, Ry, R, = alkyl, aryl
R.‘{O X
R,R,N O
3 N X = F, Cl, ORy
PN R;, Ry, Ry, Ry, Ry = alkyl, aryl
R, RN X
R, O O
4 N~ X = B, OR,
/P ™~ Ry, Ro, Ry = alkyl, aryl
R, X
O(5) O(8)
RO o "
5 ~ Ry Ry Rg R, — alkyl, aryl
P-Orn— P
™~ RO exchangeable for (CHj),N-
R.O '
R,5(0) 5(0)
6 N Pf//’ X = F, Cl, 5Ry, OR,
/ \ RI' Rz, Rs —rt a-lkyl, aryl
R,S(0} X
R,R,N S{(O)
7 e \P./ . X = F, CI, OR,
/ ~ Ry, Ry, R Ry = alkyl, aryl
R (0)S X
R,R,N
8 X = F, C1, Arviexy

fav)

™
~~

R,R,N

&
~

Ry, Ry Ry R, = alkyl, aryl
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Table 7 (continued)

Sub-gencral

Group Formitlo Ruadical groups
R /0 Ry, Ry, Ry = alkyl, aryl
9 /P\ Y = -(CH,) NHR3, ~(CH,) N(Rg),
n]m
R, s - Y ~(CH,y) N(Rg),
R (8 Ry, Roy Ry o= 1 1
N v Re Ry = syl eol
P Y = (CHp) NHR;, (CHp) N(Rg),,
™~ +
Rz 5 - Y (CHg)nS(Rg)z
R, 0]
11 ~ P/ Ry Ry, Ry = alkyl, aryl
/ \ + X = F
X ORyN(Ry),
R.O O o it
12 N / Ry, Ry, Ry = alky], aryl
/P\ Y == (CH,) N(Rg)s (CHR) N(Ry)s,
R,0 s - Y (CH;),S0,R,, (CH,), SRg

The superioxic group mentioned previously is, of course,
covered by these sub-general formulae, but not ali the com-
pounds which have these general formulae are supertoxic com-
pounds, and i is obvious that one group will contain com-
pounds of differing toxicity; in other words, these sub-general
formulae cover probably almost all the supertoxic organo-
phosphorus compounds which have been reported in the puob-
lished literature. However, considered from the point of view
of reactivity of phosphorus compounds mentioned above, it is
very possible that new, more toxic merve agents will be pro-
duced in the pear future by the inclusion of different elements
in the P-X bond or as radicals R; or R,, ete. For example, it
is said that the chemical structure of phosphonate type,
R(OIYRP(O)—or (RO)IRP(S)—may show exiremely strong
toxic effects when compared with the structure of phosphorate
type (RO),P=0(8)-, and that orpanophosphorus compounds
with leaving groups analogous to that of acetylcholine in their
P-X bonds, as shown below, may show greater inhibition of
cholinesterase: for example, analogous leaving groups,

+ +
X = -SCH,CH,N(C,H,),, -SCH,CH,SC,H;
|

CH,

+ +
-SCH,CH,N(CH,),, -OCH,CH,N{CHy),, etc.

As mentioned above, we have here dealt with the principal
supertoxic organophosphorus compounds or related com-
pounds from the standpoints of their chemical structure and
toxicity. It goes without saying that the problem of deciding
on a toxicity level is very important, when a possible general
formula for the designation of the nerve agents jis discussed.

If the toxicity level of 0.5 mg/kg, subcutaneous were to be
adopted as the line of demarcation, as our delegation pro-
posed at the Conference of the Committee on Disarmament
iast year,72 all of the organophosphorus compounds which
have hitherio been reported in the literature as chemical war-
fare nerve agents may be covered by the sub-general formulae
mentioned above. However, in addition to these compounds,
sach compounds as those in table 9, which lie close to the
line of demarcation, toxicity level (.5 mg/kg, should be care-
fully studied.

72 Qfficial Records of the Disarmament Comm:sswn, Sup-
plement for 1971, document DC/234. annex C, sect. 26.

We may conclude from the above that as a possible general
formula for the designation of potential nerve agents, the
following peneral formula (IX) may be the most suitable
formuls, in which radical group R, R, Y or X should be

~carefully selecled; that is, in order that it shall cover
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/\

\
/

(1X}

Y -R'

in which:

R
Rf
Y
X

all supertoxic nerve apents with toxic effects equal to or ex-
ceeding toxicity level 0.5 mg/kg subcutaneons, as shown clearly
in table l-table 6, the radicals which are shown in table 9
should be included.

Last year, the delegation of the Netherlands sugpested at
the Conference of the Committee on Disarmament the possible
peneral formula (X)), the radicals for which are shown in

R-Y

N\
N

X

== See table 9

in which:

R
Rr
Y
Z

X

= see table 10



Table 8

THE ORGANOPHOSPECRUS COMPOUNDS WHICH SHOULD BE $TUDIED

Animal

Administra.

LD

Formula Name used tion rouic (mg/?g)
C,H,O & O OCHg
n " - tetra-ethy! monothiono
/P -O-P\ pyrophosphate mice ip. 0.7
C,H0 OC,H,
o] 0
CoH0 0 II/OC:!I{S
P-O—P\ TEPP . ... .. mice ip. 0.7
C,H O OC,H,
Echothiophate mice ip. 0.14
0
CHO0 w
// 7\ . .
P -0-\—,-NO,  Paracxon mice ip. 0.6
C,H;0 0.8
Table 9
THE RADICALS SUGGESTED FOR INCLUSION IN GENERAL FORMULA (IX)
R b4 R X
alkyl . 0 (substituted) alkyl F
dialkylamino ... ... .... S cycloalkyl CN
Alkoxy ... ooaeeel hydrogen S(CH),),SR"
S{CH, ) NHR”
S(CH.,) NR;,"
+
S(CH.,)DSRz”
S(CHy), NR "
(CH.,) SO.,R"
R" — alkyi
Table 10

THE RADICAL GROUPS IN GENERAL FORMULA PROPOSED BY THE NETHERLANDS

Rr ¥ R

Z X

alkyl .. ... ..., (&)
dialkylamino
cycloalkyl
hydropgen

(substitated) alkyl O F

S oN
Ng
SR”
S(CH,),SR”
S(CH,) NR,"

+
S(CH,),SR,”

+
S(CH,),NR,”
R" = alkyl

This suggestion of the Netherlands seems to be very reason-
able. Basically, we give our support to this approach.

However, in addition to the difference in the two general
formulae, we would suggest different radicals as can be seen
from table 9.

In order to include all of the supertoxic nerve agents and
related compounds with toxic effects equal to or exceeding
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the supgested level, such as the compounds shown in fables
4-6, it may be more reasonable, we think, to sugpest the radi-
cals shown in table 5. In addition, for the possible general
formula, for the reason that the super toxic agents which have
been reported to date in the published literature are only the
compounds with the phosphine oxide bond, P1, == 0, in their
chemical structure, it may be appropriate o suggest the general
formula (IX) described above.



Of course, it is impossible to designate nerve agents using
a general formula only. Thus, as the delegation of the Nether-
Iands suggested last year, it goes without saying that it will
be necessary for this general formula (IX) to be unsed in
conjunction with a carefully selected toxicity level, for ex-
ample, 0.5 mg/kg, subcutaneous.

Consequently, for the general formula we suggest:

0

/N

N
v

Y e R
in which:
R = alkyl, dialkylamino, or alkoxy
R ome (Substituted) alkyl, cycloalkyl or hydrogen
Y = Oor3s .
X = T CN, S(CHy),SR", S(CH.),SRy",
S{CH,) NR,", 5(CH,) NR;", S{CH.),NHR",
S(CH,)_SO,R"
R = alkyl

18.

Yugoslavin: working paper on some aspects of the defini.
tion, classification and prehibition of chemical ngents

[CCD/375 of 5 July 1972]
[Original: English]

Endeavours to achieve complete prohibition of chemical
weapons have piven particnlar importanece to the guestion
of development, production and stockpiling of chemical
agents. For that purpose a more detailed and precise explana-
tion of the question of definition, classification, and prohibi-
tion of chemical agents is required.

1. Definition

It seems necessary 1o call attention fo possible harmful uses
of chemical compounds which are not classified as chemical
warfare agents. For instance, a total herbicide used in stan-
dard concentrations has toxic effects on plants but it is not
dangerous for men. However, if used in concentrations 10
times higher, it may also have, beside its basic effect, direct
and indirect toxic effects on people and animals. As another
example, one could mention TOCP, which is normally used In
chemical industry, but if applied intentiopally against man
can have harmful consequences on the mervous system and
may even be lethal after a latent period of several months.
Applied topether with certain organophosphorus insecticides
of low toxicity, the combination may reach an index of toxicity
similar 1o that of highly toxic chemical apents.

In order to define what precisely is prohibited, any agree-
ment should contain a definition of what are the chemical
agents intended for purposes of war. This definition should be
given in a sufficiently precise and clear manner,

Definitions of chemical agents are found in the report of
the Secretary-General of the United Nations, Chemical and
Buacteriological (Biological) Weapons and the Effects of their
Possible Use,’8 in the report of WHO entitled Health Aspects
of Chemical and Biological Weapons,7¢ and also in Protocol
IIE76 to the Brussels Treaty of 23 October 1954 relating to the
renunctation of those weapons by the Federal Republic of
Germany.

78 United Nations publication, Sales MNo. E.69.1.24.
74 World Health Organization, Geneva, 1970,
5 United Nations, Treaty Series, vol. 211, No. 304,
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In an attempt to find & suitable definition of chemical agents
that would cover all the already known chemical agents and
prevent the eventual use of any chemical compound which,
under certain conditions, could be unsed as chemical apents,
we think that the following definition could be useful:

“All chemical compounds infentionally wsed in quantities
which direcily or indirectly, immediately or after some time,
can produce physiological disturbances or cessation of phy-
siological functions in men and animals, should be consi-
dered as chemical agents.”

2. Classification
In classifying chemical agents two main criterdia can be used:
1. Tactical

2. Physiological (according to their basic mechanism of
action).

The tactical clussification, which s in fact a military ome,
refers primarily to the aim which is to be achieved when
specific agents are vsed. Depending on the effect to be achieved
and on the degree of protection of the adversary as well us
on other elements, this classification includes lethal agents,
incapacitating agents and harassing agents.

The physiological classification is based on the so-called
dominant effects of chemical apents in war conditions: lung
irritants, blood gases, vesicants, nerve gases, lacrymators,
sterautators, efc.

Under these classifications almost all substances which are
classified as chemical agents could be further sub-divided into
different groups, depending on their use and target, and om
their concentration.

It seems, however, that these classifications do not represent
a good starting point for the graduval solution of the technical
aspects Of a comprehensive prohibition. The physiological
classification could be more acceptable as a basis for discus-
sion, even though it does not refer to the degree of toxicity
of different groups of chemical agents and within such ETOUpPS.

It seems very Hkely that the value of median Iethal dose
(LDgo}, precisely defined, should be the most acceptable
parameter for the delimitation of chemical agents.

What is at present known about chemical apents poinis out
to the toxicity index (LDgg) as the most acceptable basis for
further discussion, owing in particular to the following facts:

{a) Possibility of standardizatios,

{?) Possibility of determining the protective index om the
basis of such standardization.

The present knowledge of technical and medical protection
should not be neglected either. For instance, a poison which
has toxicity X and for which there is no effective medical
protection represents danger Y. A poison whose toxicity
amounts to, let us say, 10X, for which there is 100X effective
medical protection, although more toxic, is less dangerous.

On the basis of all that bas been said, it is quite feasible

for a group of experts to prepare, in a reasonably short pe-
riod of time:

(a) A comprehensive definition of all classified and po-
tential chemical agents;

(b) An elaborated study of laboratory testing procedure and
criteria of chemical agents toxicity.

The report of the Secretary-General and the report of WHO,
mentioned above, represent a sound basis for the further
elaboration of this problem.

3. Prohibition

Consideration of the prohibition of chermical weapons should
not be limited to the prohibition of hipghly toxic chemical
agents and related problems since other groups of chemical
agents as well represent real danger also closely related to
the degree of technical and medical protection of the counn-
try which may be attacked.



Chemical weapons, Teady for use, are concentrated in the
hands of very few countries. One cannot exclude the possi-
bility that in an eventual conflict, a greater pumber of coun-
tries might come into possession of chemical weapons either
by preducing them or acquiring them from others. However,
a high degree protection against chemical weapons exists only
in modern and well-equipped armies. Moreover, the means for
effective protection of the civilian population exist only in a
very small number of countries, which means that by far the
greater part of the world population remains unprotected.
Consequently, the prohibition of only one group of chemical
agents (the highly toxic) does not essentiaily eliminate the
danger of chemical warfare for the unprotected population in
the world. The use of “less” toxic substances might have catas-
trophic consequences for it.

Therefore an agreement on the prohibition of chemical
weapons should cover the prohibition of chemical agents “in
toto” and not only of highly toxic chemical agents.

In view of the existence of different groups of chemical
agents, (low or high-toxic agents, dual purpose agents, etc.),
am agreement on complete prohibition might contain specific
provisions in connexion with the development, production,
stockpiling and destruction, as well as the contrel, of certain
groups of chemical agents, since the use of chemica) weapons
is prohibited by the Geneva Protocol of 19257% and is con-
trary to generally accepted norms of international law.

The degree of danper represented by ceriain groups of
poisons is not uniform, since it depends or a series of vari-
ables, namely, who is using it and against whom it is used,
ways and means of such use, and the level of technical and
medical protection. Moreover, the very same substance with
its determined deprec of toxicity has entirely different effects
on the target if applied by different means of delivery.

Consequently, all chemical agents, and not only the most
potent ones, represent nowadays a latent danger for the
greatest part of mackind =nd the elimination of only one
- group of highly toxic chemical agents does not essentially ex-
clude the danger of chemical warfare. For instance, the use
of phosgene or mustard pas against less developed countries
today would have the same effect as before.

Therefore, it should be stressed once apain that any apree-
ment concerning the prohibition of chemical agents must
be a comprehensive one, that s, it must cover all kinds of
chemical weapons and all phases of their development, pro-
duction, stockpiling and destruction. '

19,

Capada, Japan and Sweden: working paper on measures to
improve iripartite co-operation among Canada, fapan
and Sweden in the detection, location and identification
of wundergronnd nuclear explosions by seismological
menns

[CCD/376 of 20 July 1972]
[Criginal: Englisit}

1, At an informal scientific conference held in Tokyo from
7-13 June, representatives of scientific institotions from Can-
ada, Japan and Sweden exchanged extensive technical reports
and views on the seismological discrimination research being
undertaken in each country and reached agreement on steps
to improve trilateral co-operation, including data exchange for
future research on this subject.

2. From the full exchange of information on the capabili-
ties for the detection of seismic waves by key natiopal seis-
mograph facilities, #t was concluded that these stations, in
co-operation with the currently operating routise international
programme of earthguake reporting, are sufficient for the de-
tection and approximate location of siesmic events at least
as small as undergrovnd consolidated rock nuclear explosions
of intermediate yield or larger. It was agreed to collect the

76 Protocol for the Prohibition of the Use in War of As-
phyxiating, Poisonous or Other Gases, and of Bacteriological
Methods of Warfare (League of Nations, Treaty Series, vol.
XCIV, No. 2138),
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tripartite datz for the continuing study of the identification
of upderground consolidated rock explosions of intermediate
vield and larger, at which explosion yield levels it was agreed
that there is already a high probability of explosion identifi-
cation.

3. The two most effective seistnological earthquake-explosion
discrimination criteria known to the Governments are the
surface-wave magnitude-body-wave magnitnde method and
short-period discriminants based upon the frequency and time-
domain information in the short period body-wave signals.
The individual national research and development programmes
using these methods were examined, and it was concluded that
it would mow be advantageous to develop a programme of
trilateral data exchange in order {o evaluate tripartite capa-
bilities in these fiekis. The primary requirement for this
evaluation is the acquisition of a common event data base in
mutually compatible recording formats for earthquakes from
important seismic regions and detected explosions which con-
tinve to be detonated at the present time zt the principal test
sites. To facilitate tripartite evaluation of seismic events of
mutual interest an agreement was teached on the form and
quantity of data exchange, such data to be exchanged between
scientific institutions on request from and as available in the
respective countries.

4. Agreement was reached on measures to strengthen ex-
changes, not only of seismological data but also of scientific
information in the field of seismic discrimipation. In addi-
tion, it was apreed to continue to exchange views on the
capabilities for discrimipation achieved wusing nationally
acquired data, acquired from key observing stations in the
three countries and data generally made available to the in-
ternational seismological community by the very valuable cup-
rently existing mechanisms of international seismic data ex-
change.

20.

Yugoslavia: working paper on the elements of a system for
the control of the complete prohibition of chemicsl
weapons

[CCD/377 of 20 July 19721
[Original: English]

I. GENERAIL PRINCIPLES

In the efforts exerted so far to find solutions for the com-
plete prohibition of the development, production and stock-
piling of chemical weapons, it is broadly accepted that the
establishment of an effective system of control is one of the
most complex and important tasks.

In its working paper CCD/302, submitted to the Commit-
tee on Disarmament on 6 Augnst 1970,77 the Yugoslav dele-
gation has put forward its views and supgested some pro-
posals on certain elements of the system for the control of
the prohibition of chemical weapons.

The Yuposlav delegation considers that the majority of these
proposals have not lost their validity and actuality.

In elaborating the system for the control of the complote
prohibition of chemical weapons, particular attention should
also be given to the following:

(1) The system of conirol should nowadays be based pre-
dominantly upon measvres of national control, that is, on the
self-control of States, as well as on the development of broad
international co-operation as one of the most important means
of mutual control.

{2) However, it is indispensable to envisage that in certain
cases and in accordance with the United Nations Charter,
appropriate measures of international control should be un-
dertaken according to a procedure strictly defined or specific-
ally agreed between the parties concerned.

(3) The system of control, which would have to represent
an appropriate combination of npational and jnternational

77 Official Records of the Disarmament Commission, Sup-
plement for 1970, document DC/233, annex C, sect, 31.



measures of control, should be based to a preat extent on
confidence between States,

(4) For the operation of internatiomal comtrol, it would
be necessary {o establish an appropriate international organ,
which could become in the future an important element of an
integral internationzl machinery for disarmament control.

(5) Having in mind that the prohibition should cover all
areas of activities of States reladive to the preparation and
eventual waging of chemical war, the system of contro} should
encompass all activities of states amimed at:

(a) Development, production, and stockpiling of chemical
warfare apents;

{b) Development, production and stockpiling of other ele-
ments of the chemical weapons system; and

{¢) Training of troops and other preparation of military
forces for eventual wapging of chemical war.

(6) 1t is indispensable that the systemm of control should
be both flexible and gradual in application before final meas-
ures of international control have been wndertaken.

(7} The system of control should be constantly improved,
taking into accounmt the evolution of intsmational political
relations and new scientific and technological achievements,
in order to become more reliable and more cffective.

{8) The system of centrol should be organized and imple-
mented in 2 manper designed io avoid hampering the devel-
opment and the application of the achievements of chemical
science for peacefnl purposes.

1. NATIONAL CONTROL

¥t is possible to foresee a number of mationmal measures
which, mutually interrelated, would provide for a compre-
hensive system of national control, that is, of self-control.

The working paper of the Yugoslav delegation, CCD/302,
contains a certain number of national lepislative measures of
renunciation and self-control by each country.

Further measures to that effect could, inter alia, cover:

(1) Statement by govermments, at the time of the entering
into force of the conventicn on the prohibition of chemical
weapons, about pational activities carried out up to that time
in the field of development, production and stockpiling of
chemical weapons and also as regards chemical substapces as
a whole. )

{2) The enactment of national legislative and administrative
acis on:

(@) The organization and functioning of the national system
of self-control including establishment of a proup of experts
with full authorization to act on the natiomal level and io
co-operate closely with the international control organ;

(b) The relationship between natiomal and international
control, and the national oblipations in regard to the sub-
mission of repular reports to the international control organ
according to a uniform standard, as weil as the sebmission of
special reports at the initiative of States Parties to the com-
vention or the imtermational control organ.

(¢) The orpanization of the control of imporis and exports
of 2]l chemical substances.

{3) Declassification of all data on the research and produc-
tion of chemical warfare apents.

(4) The exchange of natiopal experts between States.

III. INTERNATFIONAL CONTROL

A. International control organ

1. In order to achieve the objective of the convention on
the prohibition of chemical weapons, it would be indispensable
to create an internatiomal organm, entrusted, on the ome hand,
with the task of reviewing the operation of the convention
and the fulflment of the obligations of Stafes Parties to the
convention on the basis of the appropriately regulated pro-
cedure; to stimulate their motual co-operation and assist in
co-ordinating their activities in this field; to analyse and
classify new achievements in the field of chemical science and
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its applications and, on the other hand of carrying out on-site
inspection in precisely determined cases upon instructions of
the United Nations Security Council.

In order to be able to discharge its functions, this inter-
natignai organ shouid have at its disposal adequate expert
services and pecessary eguipment.

Z. An expert body, that is, a council of experts, might be
set up within the imernational control organ, the members of
which wouid be elecled according to ar internationally agreed
procedure with precisely determined tasks and authorization to
carry out on-site inspection if the need arose and when a de-
cision to that effect was takem by the Security Council. The
council of experts would alse be entrusted to prepare pro-
posals for the improvement of the system and methods of
control and to perform other functions which might be en-
trusted to it

B. Procedure of international control

In order {o preserve the essential principle upon which the
system of comtrol is based, that is, predominant reliance on
the measures of national control and the developmeni of in-
tf:rnatianal co-operation as an important element of interna-
tional control, it would be indispensable that the application
of measures of international control be introduced gradually.
Such approach is implicitly contained in the working paper
of the Yuopostav delegation, CCD/302, proposing measures in
case of suspicion of violation of the provisions of the con-
vention by any party.

In addition, it would also be necessary fo envisage the possi-
bility that the group of national experts of the Parties con-
cerned be engaped in solving in a satisfactory manmer any
case_involving suspicion of such a violation as well as the
possibility of acceptance of certain forms of international
mediation by the parties concerned.

If a party to the convention lodpes a complaint to the United
Nations Security Couneil with a reguest that on-site inspection
should be carried out, the Security Council might for that
purpose copsuit the council of experts before deciding about
the request itself, about the procedure for onm-site control, the
mannper of its being carried out and the appropriate measures
against the violator of the convention on the prohibition of
chemical weapons. The Security Council should also decide
on collective measures of assistance to a country which is
exposed to danger as a result of violation of the convention
by another party or parties.

21.

Canada: working paper containing bibliography of Depart-
ment of Energy, Mines and Resources papers relevant to
scismological verification problems

[CCD/378 of 25 July 1972]
[Original: English’}

Since 1964 a small Scismic Applications Section of the Divi-
sion of Seismology, Earth Physics Branch, Department of
Energy, Mines and Resources, has conducted a broadly-based
research and development programme into the problems of
seismological verification of a comprehensive nuclear test ban.

This bibliography lists papers, reports, etc., published by
metbers of the Section, those in press or submitted to scien-
tific journals on 30 April 1972, Reprints can be supplied on
request for all papers except those asterisked, for which re-
prints are not yet available. For these asterisked articles, only
a limited number of xerox preprints exist or can be furnished
OR request.

In .additie}n to the material listed hereir, the Section has
contribufed to the SIPRI Seismic Study Group Report and its
annual updating.

DEVELOPMENT OF A SHORT-PERIOD MEDIUM-APERTURE
ARBAY AND A TRIPARTITE LONG-PERIOD ARRAY

Manchee, E. B. and Somers, H. The Yellowknife seismological
array. Dominion Observatory, XXXII, No. 2, 1966.



Manches, E. B. and Cooper, W. ID. Operation and maintenance
of the Yellowknife seismolopical array. Seismological Series
of Dominion Observatory, 1968-2, 1968.

Weichert, D. H, and Manchee, E. B. A phologrammatic re-
survey of the Yellowknife seismic array. Seismological Series
of Dominion Observatory, 1969-2, 1969,

Hasegawa, H. S. A study of the effects of the Yellowknife
crustal structure upon the P coda of teleseismic events. Geo-
physical Journal, Royal Astronomical Society, vol. 18, 1969,
p. 159,

Weickert, D. H. and Whithan, K. Calibration of the Yellow-
knife seismic array with first zome explosions. Geophysical
Journal, Royal Astronomical Society, vol. 18, 1969, p. 461.

Barr, K. G. Crustal refraction experiment: Yellowknife, 1964,
Journal of Geophysical Research, No. 76, 1971, p. 1929,

Hasegawa, H. 8. Crustal transfer ratios of short and long pe-
riod body waves recorded at Yellowknife. Bulletin of the
Seismological Society of America, vol. 61, 1971, p. 1303,
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stallation at the Yellowknife seismic array. Publications of
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Somers, H. and Manchee, E. B. Selectivity of the Yelowknife
seismic array. Geophysical Journal, Royal Asironomical So-
ciety, vol. 10, 15966, p. 401

Weichert, D. H., Manchee, E. B. and Whitman, K. Digital ex-
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Yellowknife seismic array. Geophysical Jonrnal, Royal As-
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cessing seismic array data. Seismological Series of Dominion
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Anglin, F. M. and Manchee, E. B. Discrimigation of tempor-
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p. 757.
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array data. Bulletin of the Seismological Society of America,
vol. 58, 1968, p. 1359.
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Discriminalion research

Basham, P. W. and Whitham, K. Microseismic noise on Ca-
padian seismograph records in 1962 and station capabilities,
Dominion Observatory, XXXII, 1966, No. 4.

Basham, P. W. Comparison of Montreal P-wave magnitudes
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Sweden: list of publications bearing on seismologicnl dis-
crimination of nnclear explosions and earthquakes and
available from the Research Institmte of National De-
fence, Stockholm

[CCD/379 of 27 July 1972]
[Original: English]

1963

U. Ericsson. On seismic waves from explosions in the ai-
mosphere, FOA 4 report A 4334, Research Institute of Na-
tional Defence, Stockholm

1965

U. Ericsson. The detection club paper. FOA 4 Bport A
4462, Research Institute of Natiopal Defence, Stockholm

1966

U, Ericsson and Q. Dahlman. On the deperdence of short-
period P-waves on yield, height and epicenter properties of
nuclear airshots. FOA 4 report C 4261, Research Institute of
National Defence, Stockholm

1967

(. Dahlman. Seismic records from the Long Shot Event
obtained at the Uddeholm temporary station in Sweden. FOA
4 report C 4281, Research Institute of National Defence,
Stockholm

O. Dahiman, On Scandipavian crustal traveltimes. FOA 4
report C 4295, Research Institute of National Defence, Stock-
holm

O. Dahlman, Seismologic test explosions in Western Sweden,
March 1967. FOA 4 report C 4317, Research Institute of Na.
tional Pefence, Stockholm

U. Ericsson. Approaches to some test ban control probiems.
FOA 4 repo:it C 4286, Research Institute of National Defence,
Stockholm

1968

O. Dahlman, H. Axelsson and K Edin Charge, mass and
elevation ipfluence on seismic waves from small chemical
explosions above ground. FOA 4 report C 4375, Research In-
stitute of National Defence, Stockholm

O. Dahiman. Seismic records from the US nuclear explosion
fanltless 19/1/1968 obtained at Hagfors temporary seismo-
logical station. FOA 4 report C 4376, Research Institute of
National Defence, Stockholm

U. Ericsson. Seismological test ban control. FOA 4 report
C 4338, Research Insitute of National Defence, Stockholm

K. Kogeus. Teleseismic relative location of closely spaced
epicenters. FOA 4 report C 4370, Research Institute of Na.
tional Defence, Stockholm

1969

. Dahlman. Shortperiod seismic noise in Western Central
Sweden. FOA 4 report C 4388, Research Institate of National
Defence, Stockholm

U. Ericsson. The question of nuclear explosions for peace-
ful purposes by non-nuclear weapon States and the possibility
of misuse of such techuology for the production of nuclear
weapons. FOA 4 report C 4399, Research Institute of National
Defence, Stockholm
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1970

U. Ericsson. Event identification for test ban control. Bul
letin of the Seismological Society of dmerica, vol. 60, p. 1521,

1971

Q. Dahlman and others, Hagfors Observatory 1970, annual
report. FOA 4 report A 4501-26, Research Institute of Na-
tional Defence, Stockholm

O. Dahlman, H. Israelson and H. Wigner. Ground motion
and atmospheric pressure waves from nuclear explosions. Na-
ture Physical Science, vol, 232, no. 30.

U. Ericsson. A linear model for the vield dependence of
magnitudes measured by a selsmographic network. Geophysi.
cal Journal, Royal Astronomical Society, vol. 25, p. 49. Also
available as FOA 4 report C 4455-26, Research Institute of
National Defence, Stockholm

U. Ericsson. Selsmometric sstimates of underground nucleay
explosion yields. FOA 4 report C 4464-26, Research Institute
of National Defence, Stockholm

U. Ericsson. Maximum Likelihood Lnear fitting when both
variables have normal and correlated errors. FOA 4 report
C 4474 Research Institute of National Defence, Stockholm

U. Ericsson. Bvent identification by m(M) observations
from networks. FOA 4 report C 4480-A 1, Research Institute
of National Defence, Stockholm

H. Israelson. Identification of earthquakes and explosions
with seismic data from Hagfors Observatory. FOA 4 report
C 4468, Research Institute of National Defence, Stockbolm

U. Ericsson. Identification of underground nuclear explostons
and earthgnakes. FOA reperts, vol. 5, no. 8, Research Insti-
tute of Nationa! Defence, Stockholm

H. Tsrzelson. Spectral content of teleseismic P-waves re-
corded at the Hagfors Observatory, Geophysical Journal, Royal
Astronomical Society, vol. 25, p. 89,

1972

Event report No. 1, US nuclear explosion Canmnikin. Novem-
ber 6, 1971, FOA 4 report C 4486-A 1, Research Institute of
National Defence, Stockholm

Event report No. 2, earthquake in Hindy Kush, Fanuary 20,
1572, FOA 4 report C 4495-A 1 Research Institute of National
Defence, Stockholm

Event report No. 3, USSR Explosion in Western Kazakh-
stan. December 23, 1972, FOA 4 report C 4499-A 1, Research
Institute of National Defence, Stockholm

23,

Canada and Sweden: working Paper on an experiment in
international co-operation: short-period seismelogienl dis-
crimination of shallow earthqunkes and underground nu-
clear explosions

[CCD/380 of 27 Tuly 1972]
[Original: English]
1. Introduction

Working paper CCI}/327, of 29 June 1972,78 described the
results obtained in an extensive case-study of seismological
discrimination between a suite of FEurasian shallow earth-
quakes and underground explosions using the surface-wave
magnitude (M,)—body-wave magnitude (m,) technique. This
stody uwtilized the recordings from standard conventional seis-
mographic stations in Kurope and Asia in order to obtain
detectable long-period surface-wave signals from the smaller
events in the data set. Further progress towards lower yield
discrimination vsing this method now awaits scientific aralysis
and discussion of the results being obtained by the United
States of America and Norway with their large aperture, long-
period arrays (LASA, NORSAR and ALPA) and by the Very-
Long-Period Experiment of the United States of Armerica.

78 Igba'd‘, Supplement for 197!, document DC/234, annex C,
sect. 9.




It therefore seemed useful to re-examine the power of
seismological discriminants which depend only on short-period
seismic observations. One discrimipant initially suggested by
the United Kinpdom used the “complexity” in the P-wave or
first body-wave arrival. In the mid-1960s, it was believed that
90 per cent of all shallow carthquakes could be classed as
such on the basis of complexity, leaving oaly 10 per cent of
events unclassifiable. However, this early estimate was down-
graded once underground nuclear explosions occurred in No-
vaya Zemlya. Some further Canadian studies based on 35
underground explosions apd more than 700 world-wide earth-
quakes of unrestricted depth, using other parameters which
define the characteristics of the P-signal development with
time, indicated that 10 per cent of the earthquakes in the
sample violated a criterion which had only a 50 per cent
chance of identifying an underground nuclear explosion as
such., On the basis of studies such as these, the discrimination
power of “complexity” was widely questioned.

Paraliel to this work, studies in the Union of Soviet Social-
ist Republics, Japan, United States of Asmerica, Canada and
Sweden were being made on the spectral content in the P.wave,
attempting to utilize as a discriminant the fact that shallow
earthquakes tend fo have relatively more Jow frequency energy
in the P-wave than do explosions of the same body-wave mag-
nitude. However, the available statistics were too poorly de-
fined to be of value in a riporous discussion of the potential
of the method.

In the United States of America, a modification of the spec-
tral method called the spectral ratic method has been shown
to have a high probability of correctly identifying both earth-
quakes and explosions using signals with adequate sigmalto-
noise ratio recorded on the LASA short-period array from
certain Asian regioss. Some Canadian studies sugpested a
further effective variant of the process and used a data sample
going down to Yellowknife magnitude m, 4.5 for earthquakes
.and m4.8 for explosions. It was found that for Eurasia events,
about BO per cent of the shallow earthquakes overlapped 20
per cent of the explosions using this criterion with the data
from the Yellowknife short-period array suitably regionalized.

2. Recent develapments in Canada

The M, :m, study described in CCD/327 provided the
opportunity for a rigorous re-examination of independent
short-period capabilities, Of the events described in CCD/
327, a populaton of 57 shallow earthquakes and 27 ex-
plosions was available in the digital tape library extracted
from the Canadian Yellowknife short-period array (YKA)
data.

An intensive study was made of a number of parameters
which define the characteristics in time of the P-wave signals,
and a parallel study was made of the frequency content of
these events using & number of different freguency ranges.
Discrimination parameters were chosen for jnvestigation that
could later, in principle, be utilized in a real-time data system
in an awtomatic mode, and personal bias was also eliminated.
The results of this study have been published in a scientific
journal: it was found that a combination of the information
obtained in the time and frequency domains separated this
data set into two distinct populations of earthquakes and ex-
plosions. Thus the combination of frequency and time char-
acteristics provided a much more effective discriminant than
any based on time-information or frequency-information alone,
It might be noted that the Ural explosions described in CCD/
327 which gave the greatest difficulty with the M, : m, method
were clearly identified with the short-period technigue.

The results of this bivariate case-study were sufficiently
encouraging that the data base was extended to include a
total of 92 shallow earthguakes and 56 underground nuclear
explosions. It was then found that a small overlap occurred
for the higher yield explosions of the data set but otherwise
the populations remsined distinet down to the lower limits
of available data. This study is described in a journal article
which is in press at this time.
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3. Swedish studies of short-period seismological discrimination

Somewhat similar studies were undertaken in Sweden using
short-period data recorded at the Hagfors Observatory (HFS)
with event populations comprised of 32 FEurasian explosions
and 177 earthquakes. Although in detail some parameter defi-
nitions were slightly different, a result similar to the Canadian
one was obtained in that a combined use of the time and
frequency information enbanced the discrimination. As with
the YKA data, it was found that earthquakes having depths
greater than about 100 km tended to appear explosion-like
using these parameters. Furthermore, the Swedish work indi-
cated that the time and frequency discriminants differed con-
siderably when examined on a regiomal basis, but were not
observed to differ greatly between the large-scale tectonic belts.

The Swedish study also used multivariate statistical analysis
with discriminants defined from detajled information in the
time and frequescy domains. These results were inter-com-
pared using identification carves. Such curves are essentially
graphs of the false alarm probabilily versus the identification
probability, where the false alarm probability is defined as that
of mistaking an earthquake for an explosion, and the iden-
tification probability is defined as that of correctly classifying
an explosion as such.

in this way the multivariate discriminants appeared to be
more efficient than discriminants obtaired using simpler coan-
cepls in the time and frequency domains. In addition, classi-
fication experiments with the total event population were
conducted with the multivariate discriminants. A 90 per cent
identification probability corresponded to a false alarm prob-
ability of about 3 per cent. Most of the false alarms were
produced by deep earthguakes inm this HFS data set. This
study is described ir a journal article in press at the present
time.

4. Combined Canadian-Swedish study

To establish more penerally the applicability of short-period
discriminants, using widely separated stations observing an
extended region of Eurasia, Canadian and Swedish scientists
have been cooperating in a study of a data set common to
YKA and HFS,

Seismic data available from the YKA tape library and also
common to the data of the HFS tape library for the period
from June 1969 to March 1972 contained 135 shallow
Eurasian earthquakes with an estimated depth less than or
equal to 50 km, and with National Qceanic and Atmospheric
Administration (NOAA) body-wave magnitudes {(m,) be-
tween 4.1 and 59. In addition, 30 presumed FEurasian ex-
plosions with a body-wave magnitude m, between 4.6 and 5.8
were common to both libraries. These data covered a mumber
of explosion sites in Eurasia, and earthquakes from a veriety
of Eurasian regions. The locations of YKA and HFS are
such that the azimuths of the propagation paths between an
event and the two recording stations were quite different for
most of the events.

Discrimination parameters involving both the fime and
frequency characteristics of the P-wave signal were com-
bined in various multivariate modes, In order to compare the
relative discrimination capabilities for YKA data alone, HFS
data alone and the combination of YKA and HFS data,
identification curves were caleulated. The two-station case
sigpificantly improves the identification probability at a fixed
false alarm probability. With this data set, an identification
criterion was defined givieg an identification probability of
more than 85 per cent with a false alarm probability of 1
per cent. The power of this discriminant appears approximately
equivalent to that of the widely accepted M, :m, discrimi-
napt. These Tesults bave been submitted to a scientific journal
for publication.

5. Further studies

The Canadian and Swedish scientists involved in this joint
study intend to pursue the matter by making further studies
on existing data sets, and by increasing the statistical sig-
nificance of their results wsing more extensive data sets. It
seems reasonable fo agsume that a very effective discriminant



with a very low false alarm probability is potentially possible
by this technigue or some modification of it.

There are, however, two serious limitations, First, althouph
the method appears powerful where it can be used, it is
premature to define the applicability of the method in the
low magnitude range, However, it would appear that the
method has a potentially high probability of application down
to low-yield hard rock explosions in Eurasia. Although the
detection capability of YKA and HFS and their regional
variability have been studied, systematic studies of the level
of applicability of the short-period discriminant remain to be
made.

Secondly, it must be realized that the metbod, although
physically reasonable, has not been given n theoretical basis
generally applicable, Since complex effects near a source can
probably never be treated adeguately for all conceivable Joca-
tions, it appears unlikely that a universally applicable theo-
retical basis for the technique can be devised. Accordingly, it
therefore is extremely important to extend the data sets 10
obtain results from a variety of locations in order to strengthen
the statistical basis of the resuits obtained.

Similar studies of earthgnakes and explosions in North
America should be attemnpted with sensitive tape recording
seismic observatories or medivm-aperture arrays at s suffi-
cient distance; the above results demonstrate capabilities only
for Eurasian events.

24.

Letter dated 21 July 1972 from the representative of Fin-
Jand to the Specinl Representative of the Seeretary-
General of the United Nations to the Conference

[CCD/381 of 27 July 1972]
[Original: English]

Upon instructions from my Government, 1 have the honour
to enclose a working peper by the Government of Finland
to the Conference of the Commiitee on Disarmament with
the request that you would take appropriate steps to have it
distributed in the Conference.

(Signed) Klaus A. SAHLGREN

Permanent Representative of Finland
fo the United Nations at Geneva

WORKING PAPER SUBMITTED BY THE GOVERNMENT OF FINLAND
1O THE CONFERENCE oF THE COMMITTEE ON DISARMAMENT
ON DEFINITIONS OF CHEMICAL WARFARE AGENTS AND ON
TECHNICAL POSSIBILITIES FOR VERIFICATION AND CONTROL OF
CHEMICAL WEAPDNS WITH PARTICULAR REGARD TO A FINNISH
PROJECT ON CREATION ON A NATIONAL BASIS OF CHEMICAL
WEAPONS CONTROL CAPACITY FOR POSSIBLE FUTURE INTER-
NATIONAL USE

1. There is a need for substantive preparatory work in the
field of promoting scientific knowledge and co-operation in the
study of technical problems connected with the verification
and control of chemical weapons within the framework of a
chemical weapons treaty now under consideration in the
Conference of the Committee on Disarmament. To be ef-
fective, it should be truly international and employ leading
scholars working in their personal capacity. It is the opinion
of the Finpish Government that all nations, whether members
of the Conference or not, have a vital interest in promoting
concrete progress in disarmament. By its project designed to
create a national chemical weapons control capacity for pos-
sible foture internatiomal uwse, the Finnish Government is en-
deavouring to make a practical contribution towards this end.

2. In pursuance of General Assembly resolution 2827 A
(XXVI), of 16 December 1971, which in paragraph 3 re-
quested the Conference of the Comimittee on Disarmament
“to take into account in its further work . . . other proposals,
suggestions, working papers and expert views put forward
in the Conference and in the First Committee”, the Govern-
ment of Finland bas the honour to submit to the Conference
of the Committee on Disarmament the following working
paper on definitions of chemical warfare apents and on
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technical possibilities for verification and control of chemical
weapons with particular regard to a Finnish project on crea-
tion on a national basis of a chemical weapons control capacity
for possible future international use.

This paper is also intended 1o elaborate the ideas put for-
ward by the representative of Finland in a speech in the
First Committee of the General Assembly on 17 November
1971.79 He stated inter alia:

“In the opinjon of the Finnish Government, the chances
of success in the negotiations on chemical weapons would
be improved by paying special attention . . . to the follow-
ing issnes: first, by internatiopal co-operation, msthods
which would make available to all interested Governments
expert information on verification and control of chemical
agents and chemical weapons should be studied and devel-
oped. . . . Secondly, technical capacity should be developed
and the facilities shonld be acquired on the national level
for verification of chemical agents and control of their
prohibition, having in mind the eventuality that this kind
of practical capacity would be needed for international use.”
3. As far as definitions of chemical warfare agents are

concerned a purpose criterion would provide the simplest and
most comprehensive definition of those agents for a compre-
hensive treaty. Such a general definition would have the
advantape of covering all possible future agents and also
binary systems of weapouns.

In addition, a classification of known apents by categories
may also be necessary, because the most dangerous agents
require the most stringent control and verification measures.
Such a classification would also facilitate a propress step by
step. It is rather a common view that amoeng the possible
supertoxic chemical warfare agents the nerve agents form
the group of compounds of greatest concern. As supgested
by the Netherlands delegation in 1971 (CCD/320)80 they
can be defined with a general chemical formmla connected
with a toxicity level criterion (LDgp) of 0.5 mg or less per
kilo of body weight determined subeutaneously in a specified
test animal. Modifications to this formula have been proposed
later by Japan in document CCD/374 and by the United
States in document CCI3/365 (see sect. 17 and 8 above).
In the latter document a very geperal formula is proposed,
which would cover practically all derivatives of orthophos-
phoric acid. Between the Netherlands and Japanese formulae,
there seem to be only minor differences and it scems not too
difficult to come to an agreement on a definition of organo-
phosphorus perve agents on the basis of these proposals. The
Ttalian working paper CCD/373 and the Swedish working
paper, CCD/372 (see sect. 16 and 15 above) provide a
further valuable contribution on these problems.

It has been pointed out in the working paper of the United
States delegation that carbamates present a second type of
serve agent, While certainly highly toxic, their chemical and
physical properties seem less suitable for use in warfare and
it is not knmown that any Stale would have developed a
weapons system based on them. They could also be covered
by a peneral formula but this would also cover some car-
bamates in civilian use.

It has been suggested that the production if organophosphate
nerve agents (and possibly also carbamates) should be subject
to unconditional prohibition (save for minimal amounts of
carbamates for medical purposes) and that the compliance
with the prohibition should be stringently verified. Reparding
organophosphates, verification could be based on mational
recording and international statistical analysis of the principal
raw materials, yellow phosphorus, phosphorus trichloride, and
phosphorus oxichloride, as suggested in several working papers
in the Conference of the Committee on Disarmament.

However, economic monitoring alone would not provide a
complete answer to the verification problem in all cases. Some
additioral generally acceptable imternational verification mech-
anism is evidently needed, and the national systems would pro-

T Official Records of the General Assembly, Twenty-sixth
Session, First Commiitee, 1830th meeting.

80 Official Records of the Disarmament Cormmission, Sup.
plement for 1971, document DC/234, annex C, sect. 3,




vide the basis for an eventual interpational mechanism. The
Finnish Government has taken cognizance with preat interest
of the views put forward by the expert from the USSR at the
informal meeting of the Conference on 5 Jnly 1972, on the
possible ways of co-ordinating a verification by national teams
of inspection at an international level.

A second category of compeunds which have no pepceful
use, but which are sitockpiled as chemical warfare agents, are
the mustards. Their production also should be subject to un-
conditional prohibition Economic monitoring would be even
less feasible to this ecatepory of compounds than for nerve
agents because they are produced from raw materials which
are widely used in civilian industry., National control with
Teporting statistics to am international agency might be suffi-
cient regarding these agents. Some mustards have small-scale
medical and peaceful research uses and a clause making
possible these uses might be necessary in this case also.

A third group of chemical warfare agents, the so-called dual
purpose agents, contains all those toxic compounds which can
also have peacefu! uses and which are less toxic than indicated
by the above mentioned toxicity value (LDg,) equal to or
more than 0.5 mg/kg body weight. This proup would contain
for example such common raw materials of chemical industry
as phosgene, hydropene cyanide, cyanogene chloride, etc. Al-
thouph the technclopically advanced nations probably would
not even conmsider them as chemical warfare agents today,
they might still be usable as such under some circumstances.
National control, possibly combined with reporting of statistics
on use to an infernational agency, could be sufficient for this
category of compounds.

According to this analysis, ¢fforts to develop verification and
control methods could be concentraied in the first instance on
the proup nerve apgents, at least intially. The Finnish efforts
visualizing the creation of a national chemical weapons control
capacity for possible fnture international use will focus pri-
marily on this aspect.

4. Tt is not the intention of the Finnish Government to
exaggerate undunly the technical aspecis of an eventual treaty
on chemical weapons, All efforts to find a basis for a com-
prehensive political solution, as for example the draft con-
vention preseated by seven sociplist members of the Con-
ference of the Committee on Disarmament on 28 March 1972
in document CCID/361 (see sect. 5 above), are indispensable
and welcome. It is obvious that in the final analysis, the
achievement of a chemical weapons treaty will depend on
political will rather than on solving problems of a technical
character. Besides the obvious need for adequate verification,
the purpose of efiorts to solve the most obvious technical
problems connected with a chemical weapons treaty would be
to promote an atmosphere of mutual trust and thus to pro-
vide conditions for the emergence of a political consensus. The
poal is, in other words, to cbtain a positive feed-back from
technology to politics. An analogous case is the problem of
the comprehensive fest ban, where the role of detection seis-
mology is also to contribute {0 mutual trust necessary for the
conclusion of an agreement.

5. The functions of a national control capacity would be
threefold: fo assure that the prohibition against the mamn-
facturing of chemical warfare agents is observed; verification
of the destruction of existing stocks of chemical warfare
agents; and to investigate a possible complaint about the nse
of chemical weapons in the field. Although the first function
is the more important in the context of an eventual chemical
weapons treaty, the third; one should not be forgotten, either.
The use of chemical weapons, at least those of the tradi-
tional First World War type, might still occur, despite the
prohibitions of the (Geneva Protocol of 19258 in certain
cases of limited warfare. However, it is mainly the problem of
verification of the production of chemical warfare apents which
plays a significant role in the nepotiations at this moment. The
methods, equipment and the crews capable of performing in-

81 Protocol for the Prohibition of the Use in War of Asphyx-
iating, Poisonous or Other Gases, and of Bacteriological
Methods of Warfare (League of Nations, Treaty Series, vol.
XCIV, No, 2138).

68

spection duties in order to assure the mon-production can in
most cases be converied for verification of an alleged use and
vice versa.

6. As bas been stated in the Conference of the Commitiee
on Disarmament, for example, by Mrs. Myrdal of Sweden on
14 March 1972, the work on a chemical weapons treaty could
be concentrated in the beginping on those agents which cor-
respond to the double criterion of being produced solely for
military purposes and being highly toxic: the so-called “super-
toxic” apents. Mrs. Myrdal emphasized the importance of
studying, “which rethods are or may be made available for
the technical control of the production ete. of supertoxic chemi-
cal agents” (CCD/PV.549 p. 14}, Ambassador Rosenberg
Polak of the Netherlands stated on 23 March 1972 that one
possible course of action would lead us to concentrate initiatly
on a prohibition of nerve agents as a model for progress in
other fields (CCD/PV 552, p. 16).

7. ARhough the ultimate goal is, of course, a comprehensive
treaty banning all chemical weapons, this approach is sup-
ported by the Finnish Government for practical reasons and
without prejudice to its views on the scope of the prohibitions
of a future chemical weapons treaty. In his speech on 17 No-
vember 1971 in the First Committee of the General Assembly,
the representative of Finland announced that the Finnish Gov-
ernment, for its part, kas bepun fo study how to establish, on
a national basis, and within the resources available in Finland,
a verification and control capacity on chemical weapons for
possible international use. The study has proceeded as planned.
A survey of resources has been made, and the Government of
Finland is copsidering the necessary bugetary allocations for
an injtial research and training programme for this purpose.

25.

Mexico: letter dated 25 July 1972 from the representative
of Mexico to the Special Representative of the Secretary-
General of the United Nations to the Conference

[CCD/382 of 27 July 1972]
[Original: Spanish]
I have the honour to transmit {0 you the memorandum en-
titled “Opinion of the Government of Mexico on the con-
vening of a world disarmament conference”, topether with
an annex. Since this memorandum not only deals with a ques-
tion of obvious interest to the Conference of the Committee on
Disarmament but also contains various observations on the part
which the Conference could play in this respect, T should be
grateful if you would have the memorandum circulated as a
working paper of the Conference.

{Signed} Alfonso Garcin Ropres

Chairman of the Mexican Delegation to the
Conference of the Committee on Disarmantent

OPmiION OF THE GOVERNMENT OF MEXICO ON THE
CONVENING OF A WORLD DISARMAMENT CONFERENCE

1. At its 2022nd plenary meeting, held on 16 December
1971, the Gerneral Assembly of the United Nations adopted
resolution 2833 (XXVI) entitled “World Disarmament Con-
ference” by acclamation.

2. The resolution, which was undoubtedly one of those
adopted by the Assembly at its twenty-sixth session which may
reasonably be expected to yield the most beneficial results,
contains an invitation to “all States” to communicate to the
Secretary-General before 31 Auvgust 1972 “their views and
suggestions on any relevant questions refating to a world dis-
armament conference”, and in particular on the six points
listed in paragraph 2 of the resolution.

3. This memorandum, submitted in compliance with the
General Assembiy's invitation, summarizes the Mexican Gov-
ernment’s opinfon on those specific points and on the question
as a whole.

1. Main objectives

4. The aim of the Conference should be to take the requi-
site decisions to provide the United Nations with an effective



disarmament system capable of obtaining more encouraging
results than those achieved to date in the vitally important task
which the Charter conferred on the Organization by specific-
ally instructing it to turn its atiention to promoting “the es-
tablishment and maintenance of international peace and secur-
ity with the least diversion for armaments of the world's
human and economic resources”.

5. In order to achieve this end and make tangible progress
both towards the ultimate goal of the elimination of nuclear
weapons and general and complete disarmament under effec-
tive imerpational contro! and towards the immediate adop-
tion of partial measures 10 limit and reduce nuclear armaments
and suppress other weapons of mass destruction, it will be
necessary to strengthen principles, review rules, develop pro-
cedures and bring up {o date the internatiomal machinery
dealing with these questions.

6. With regard to that machinery it would seem advisable,
in the Hght of the experience acquired during the more than
25 years since the San Francisco Conference was held in
1945, for the Conference to recommend to the General Assem-
ply that in future there should be three main organs for the
promotion of disarmament.

(1) The General Assembly, which should continue to be
the supreme organ, would receive and consider reports from
the other two, which it could entrust with specific tasks;

(2) The world disarmament conference—replacing the Dis-
armament Commission, which wouid be dissolved in order to
avoid duplication and for other obvious reasons—would be
open to “all States”; it would meet every three or four years
in order to review progress in the field of disarmament, com-
pare the development in regard to armaments and disarmament
and adopt the decisions which the general review calls for,
In short, within the United Nations the World Conference
would have the same position in the field of disarmament ag
the United Nations Conference on Trade and Development
in the economic and social field.

(3) A npegotiating body of about 30 members, preferably
the Conference of the Committee on Disarmament, which
celebrated its tenth anniversary this year. Naturally, for this
to be possible, various changes would have to be made which
would both increase its effectiveness and enable the People'’s
Republic of China and France to take part in its work. First
and foremost among such chanpes should be the abolition of
the unusual institution whereby the muclear super-Powers act
as Co-Chairmen, and its replacement by a procedure more
consisient with the principle of the sovereign equality of
States, such ns the annual election of a chairman from among
the non-nuclear States members or monthly rotation among all
members as in the Security Council.

2. Provisional agenda

7. The body which the General Assembly entrusts with the
preparatory work should, in consultation with “all States”,
work out a realistic and ambitious, detailed and flexible pro-
visional agenda for the Conference.

8. The starting point for the preparation of the provisional
agenda could be the comprehensive programme of disarma-
ment which was originally introduced in the Conference of the
Commilttes on Disarmament in August 1970 by the delega-
tions of Mexico, Sweden and Yupgoslavia and subsequently
submitted to the General Assembly at its twenty-fifth session,
sponsored by Ireland, Mexico, Morocco, Pakistan, Sweden and
Yugoslavia.

9. As will be recalled, the full text of the comprehensive
programme of disarmament was reproduced in document
A/8191 of 2 December 1970 and the General Assembly spe-
cifically recommended in resolution 2661 C (XXV) of 7 De-
cember 1970 that it should be taken into account in further
work and negotiations relating to disarmament.

3. Site favoured

10. In line with the preference usually shown for the venue
of meetings of this kind, Geneva would seem to be the most
appropriate sife for the world disarmament conference.
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4. Date and contemplated duration of the conference

11. Iz view of the urpent need to enhance the effectiveness
of efforts to promole disarmament, the Conference should
ideally take place in 1973. It should not be forgotten, however,
that one of the basic prerequisites for its success, as Mexico
pointed out in the debate at the twenty-sixth session of the
General Assembly, is that thorough preparations should be
made before the Conference, since the latter will arouse ex-
pectations on the part of world public opinion which must not
be disappointed. It would therefore probably be more realistic
and convenient to plan the conference for spring 1974.

12. In view of the breadth and complexily of the general
subject with which the conference will deal, it would seem
advisable to envisape a duration of two to three months. It
should be recalied that that has been the duration of various
United Nations conferences, such as the first United Nations
Conference on the Law of the Sea (24 February to 27 April
1958), the first session of the United Nations Conference on
Trade and Development (23 March to 16 June 1964) and the
first part of the United Nations Conference on the Law of
Treaties (26 March to 24 May 1968}, It might also be appro-
priate to consider the advisability of dividing the first session
of the world disarmament conference inlo two parts, as was
done in the case of the last of the above-mentioned three
Conferences, the first part to be held in the spring of 1974
and the second in the spring of 1975. In that way the new
body would be able to take its first steps, which as always will
be the most difficult, without haste, and would have enough
time for judicious consideration of the enormous problems
involved.

5. Procedures to be adopted for carrying
out the preparatory work

13, It would seem essential that the Geperal Agsembly
should entrust the preparatery work to an ad hoc body whose
membership would be sufficiently broad to ensure adequate
geographical and political representation and yet compact
enough for the work entrusted to it to proceed guickly.

14. In view of the foregoing and bearing in mind the com-
position of the Conference of the Commitiee on Disarmament
{26 members), the Preparatory Committee for the United
Nations Conference on the Human Eavironment (27 mem-
bers) and the Committee on the Peaceful Uses of Outer Space
(28 members), it may be concluded that a membership of
about 30 would be appropriate for the body in charge of
preparations for the world disarmsament conference.

15. On the other hand, it should not be forgotten that al-
thouph, as has been said, the preparatory body would de facto
have a restricted membership, in principle or de jure it should
be open to “all States”, as would the conference in accordance
with the provisions of General Assembly resolution 2833
(XXVI), and that it would be extremely desirable for all the
nuclear Powers to be members.

16. Accordingly, in the event that the Conference of the
Committee on Disarmament should be the body entrusted
with the preparatory work, it should be reorpanized before-
hand, as was said in the first section of this memorandum.
This could bz done by a Gepera! Assembly resclution similar
to resolution 2602 B (XXIV), by which the membership of
the Committee was increased from 18 to 26 in 1369,

17. Another particufarly important element in the success
of the preparatory work would be fo request the Secretary-
General to prepare authoriiative studies on coacrete gues-
tions relating to the arms race and particularly the nuclear
arms race, control thereof and disarmament, in such a way
that they would be available sufficiently in advanmce of the
opening of the conference. They should include a study on
the establishment of nuclear-weapon-free zones and the obli-
gations which nuclear weapen States should assume with re-
gard to them.

18. It can be seen from the many useful working doco-
ments which the Secretary-General provided for the frst
United Nations Conference on the Law of the Sea and the
Coanference of Non-Nuclear-Weapon States how wvaluable a
similar contribution could be in this case.



6. Relationship of the conference to the United Nations

19. As has been said, the world disarmament conference
should be an organ of the General Assembly which would
co-operate with it as UNCTAD does in the field of trade
and development in order to help it discharge its functions
under the Charter in the field of disarmament.

20. The conference could hold repular spring sessions at
three-year intervals and special sessions whenever the General
Assembly of the United Nations—to which the conference
would report periodically-—deemed fit to convene them.

7. Final observations

21, The Government of Mexico is firmly convinced that, as
the General Assembly stated in the preamble to its resolution
on the convening of a world disarmament conference, “it is
imperative that all States exert further efforts for the adoption
of effective measures of disarmament and, more particvlarly,
nuclear disarmament”.

22. A peneral review of developments during the past dec-
ade and of the serious situation prevailing today shows that
that conviction is well founded.

23. Such an analysis provides positive proof that the re-
sources which the world has sguandered for military purposes
amounted to approximately $120,000 million in 1962 and
rose to over $200,000 million in 1971, an increase of 70 per
cent during the period Moreover, the number of nuclear
weapans tests, although condocted largely underground, far
from decreasing a5 a result of the partial prohibitions em-
bodied in the Treaty of Moscow of 196382 increased during
the period by approximately 60 per cent. Furthermore, it is
gstimated that the nuclear bombs amassed in the arsenals of
Powers possessing those terrible instruments of mass destruce
tion today represent the incredible equivalent of about 15 tons
of dynamite for every person on earth.

24. Tt is thus obvious and axiomatic that, in the face of
the potential threat which that situation poses to rmankind's
very survival, “all peoples of the world have a vital interest
in the success of disarmament negotiations”, as affirmed in
General Assembly resolution 2833 (XXVI), and that the
United Nations should strive with ever-increasing energy to
discharge its responsibilities in the quest for disarmament, in
the conviction that, as was stated in 1959 and reiterated 10
years later, the question of general snd complete disarmament
is the most important one confronting the modern world.

25. It would truly be somewhat ironic if the proclamation
of the decade of the 1970s as the Disarmament Decade led
only to words, not deeds. The convening of a2 world disarma-
ment conference and its institutionalization within the United
Nations would undoubtedly be an excellent way to promote
and facilitate the simultaneous cessation of the nuclear arms
race at an early date—which would require a strict mora-
torium followed by specific limitations and substantial reduc-
tions--and the conclusion of additional agreements on specific
related mensures, without thereby losing sight of the ultimate
objective, namely, the elimination of nuclear weapons and all
other weapons of mass destruction and the conchision of =z
treaty on general and complete disarmament under effective
international control.

26. In order to facilitate the conmvening of the conference
and avoid problems such as those which the Secretary-General
unfortunately had to face in connexion with the circulation of
resolution 2833 (XXVI)~-problems to which, it might be
observed in passing, his note A/8681 of 2 May 1972 pro-
vided a switable and practical solution—it wonld appear that
the General Assembly, in taking a decision at s forthcoming

82 Treaty Banning Nuclear Weapon Tests in the Atmosphere,
in Outer Space and under Water (United Nations, Treary
Series, vol. 480, No. 6964),
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session on the various matters still pending with respect to
the convening of the conference, should define the scope which
should be ascribed to the phrase “all States”. The Govern-
ment of Mexico, which has always favoured using that general
expression in all resolutions on disarmament, wishes to re-
iterate its position that, when the time comes to send invita.
tions to States to participate in the world disarmament con-
ference, the phrase in question should be interpreted by
strictly applying the principle of universality. In other words,
all States would have the right to be invited to take part in
the conference, and an invitation o that effect would have
absolutely no juridical or political implication concerning their
international status.

27. The Government of Mexico is convinced that considera-
tion of the item inscribed uader the title “World Disarmament
Conference” on the provisional agenda of the twenty-seventh
regular session of the General Assembly, must not and should
not be adversely affected by disagreements which exist or may
arise among the permanent members of the Security Council,
The balanced and calm consideration of this highly Important
subject, leading fo the unanimous adoption of the requisite
resolution or resolutions, would no doubt be greatly facilitated
if no State claimed to have taken the initiative with regard to
the convening of the Conference and if all recopnized, as is
actually the case, that the initialive is being taken by the
United Nations a5 a whole. As early as 1957 the General
Assembly decided in resolution 1011 (XI) to consider the
advisability of convening “a pgeneral disarmament confercnce®;
cight vears later, in 1965, the Assembly endorsed the “con-
vening of a world disarmament cooference to which all coun-
tries would be invited” (resofution 2030 (XX); and, as every-
one is aware, its most recent resolution onm the subject was
adopted by acclamation on 16 December 1971,

28. If we wished to seek out the deep-rooted oripins of the
sweeping collective movement which culminated in General
Assembly resolution 2833 (XXVI), we would have to look
for them in the efforts of the large majority of countries
penerally known as the third world. First, in Belgrade in
September 1961; then, in Cairo in October 1964; later, in
New York, where 42 of them sponsored the draft resolution
which on 29 November 1965 was to become General Assembly
resolution 2030 (XX), adopied by a very eloquent majority
of 112 votes in favour and none apgainst; after that in Geneva,
when in August 1970 the Conference of the Committee on
Disarmament received from the delegations of three non-
aligned States the draft of a comprehensive programme of dis-
armament, the final conclusion of which was that the feasi-
bility of convening “a world disarmament conference of nll
States” should be thoroughly studied; one month later in
Lusaka and, finally, at United Nations Headquarters during
the twenty-sixth session of the General Assembly, when a
number of nor-aligned delegations successfully conducted a
patient campaign of conciliation which enabled them fo
elaborate in its totality what was to become General Assembly
resolution 2833 (X{VI). Thus little by little, thanks to their
aspirations and perseverance, have been built the foundations
on which it is hoped to establish the world disarmament con-
ference as &n ipstitution that will, without delay, help to
strengthen the concerted efforts of Goveraments to put a stop
to the uncontrolled arms race, in particular in the puclear field,
which entails such incalculable risks for world peace and
places so heavy an economic and social burden on all nations.

Appendix
COMPREHENSIVE PROGRAMME OF DISARMAMENT

[For the text, see Official Records of the General Assembly,
Twenty-fifth Session, Annexes, agenda items 27, 28, 29, 30,
31, 93 and 9, document A/8191, or Official Records of the
Disarmament Commission, Supplement for 1970, document
DC/233, annex C, sect. 42.]




26.

The Netherlands: working paper on the possibility of delimi.
tating nerve gases within the field of organophospherns
compounds

[CCD/383 of 1 August 1972]
[Original: English]

Introduction

Both from the report of the Secretary-General of the United
NationsB3 and from the report of the World Health Qrgani-
zation®® it is clear that the perve agents constitute by far the
greatest threat in chemical warfare.

Nerve agents belong to the group of organephosphorus com-
pounds which also coatains very useful compounds such as
pesticides, polymers, flame retardants and plasticizers. This
immediately brings up the problem of the possibility of dis-
tinguishing between organophosphorus compourds which have,
and compounds which do not have, legitimate uses for civilian
purposes. In other words: is it possible to delimitate nerve
agents within the field of organophosphorus compounds?

In order to be considered as a potential chemical warfare
ageat a chemical compound should meet certain requirements.86
Some of these can be listed as follows: a considerable toxicity
for mammals, chemical stability in the presence of air and
water, stability at explosion and a certain rate of penetration
through skin and materials. This list can easily be cxtended.
In this paper we have limited ourselves to the most important
property of a potential warfare agent, namely that of toxicity,
taking the view that this property, more than any of the
others mentionad, might be used in the delineation mentionad
above.

In order to be classifiad as a polential pesticide an organo-
phosphorus compound has aiso to meet certain requirements.
Here, too, the most important will be a considerable toxicity
for the pest species for which it is intended, for example, in-
sects or spiders. Ideally a poocd pesticide should possess a very
Tow toxicity for mammals in general and for man in particular:
in other words it should possess selective toxicity.

Unfortunately, in the field of organophosphorus compounds
the molecular basis of the toxicity is the same in both mam-
mals and imsects. Toxic action is mainly based on the inhibi-
tion of the enzyme acetylcholinesterase in positions where
acetylcholine acts as a neuro-transmitter.86 However, there
are a number of cases where organophosphorus compounds
have a high toxicity for insects and a low toxicity for mam-
mals (for example, the insecticide Malathion). In these cases
the selectivity can be contributed {o secondary effects such
as differences in the rate of detoxification or to differeaces in
the rate of penetration through membranes.

We are thus faced with the problem of whether we can draw
a borderline between organophosphorus compounds that have
an exclusive (potential) use as merve agemts and related com-
pounds that can be used as pesticides. Such a borderline could
be based oa a certain toxicity level. Whereas it is theorelically
possible to use a nerve agent such as Sarin as an jmsecticide,
this is hiphly improbable due to the very great hazards this
procedure would cause o humans.

Thus, the delegation from Japan at the Conference of the
Committee on Pisarmament5T has proposed a toxicity level
of 0.5 mg/kg subcutaneously as a bordetline between com-
pounds having exclusive use as chemical warfare agents and
other compounds. In the same way, the Swedish delegation at

88 Chemical and Bacteriological Weapons and the Effects
of their Possible Use (United Nations publication, Sales
No. E.69.1.24). . .

84 Henlth Aspects of Chemical and Biological Weapons
(World Health Orpanization, Geneva, 1970). .

BG See S. Francke, Lehrbuch der Militdrchemie, Berlin, Deut-
scher Militérverlag, vol. 1, 1967, p. 21.

88 See D. F. Heath, Organophosphorus Poisons, Oxford, Perg-
amon, Press, 1961, p. 11 and “Alternative Insecticides 'for
Vector Control”, Bulletin of the World Health Organization,
1971, vol. 44, Nos. 1, 2 and 3. .

87 See Official Records of the Disarmament Commission, Sup-
plement for 1970, document DC/233, annex C, sect. 30.
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the Conference®® proposed a level of 1.0 mg/kg orally. These
proposals seem fo be very reasonable indeed provided that
sufficiently standardized methods for the determination of the
toxicity could be worked out imternationally by toxicological
experts,

We do, however, feel that if this criterion can be backed
up by a kind of general chemical formula we will have at
least a lead in a possible verification process.

Toxicity of organophosphorus compounds related
fo chemical structure

In a way the position with orpanophosphorus compounds is
a favourable ope in that we know a good deal sbout the
mechanism of the toxicity op the molecular level: the fore-
mentioned inhibition of the enzyme acetylcholinesterase. There
seemns to be a reasonmable relationship between toxicity and the
anti-acetylcholinesterase potency.8® As toxicity depends npot
only on the inirinsic pharmacological effect but also on factors
like permeability through membranes, rate of excretion and
rate of metabolism, a better-than-ressonable relationship can-
not be expected. As the dependence of cholinesterase Inhibi-
tion on chemical structure is more clear-cut than the depend-
ence of toxicity, we have in the following limited ourselves to
a survey of the first-mentioned relationship bearing in mind
that some organophosphorus compounds are not cholinesterase
inhibitors per se but are metabolized into potent inhibitors in
the organism.

All the nerve agents mentioned in the literature®0 are power-
ful inhibitors of acetylcheolinesterase, in the majority of cases
much more powerful than compounds used as insecticides.
The problem is thus limited to that of predicting chemical
stractures giving tise fo potent anti-acetylcholinesterases.

The relation between chemical structure and
the inhibition of acetyicholinesterase

A very great amount of literature is available on this prob-
lem. It is not our intention to review these publications. We
will instead pive some sumiparizing results with the emphasis
on measurements cargied out in our laboratory, not that these
are better than those obtain elsewhere but for comparative
Yeasons.

The general formula of an orpanophosphorus compound
which is able to inhibit acetylcholinesterase may be repre-
sented by

R, z

/ | \
R, X

In this formula R, and R, are alkyl, alkoxy or amino
groups, Z is oxyger or sulphur and X is a group that is sphit
off in the reaction with the enzyme and is therefore called the
“leaving group”. In the process of inhibition the active site of
the enzyme is phosphorylated in an irreversible way: recovery
of enzyme activity does not occur or only at a very slow rate.
The process of inhibition can be described by the following
cguation.bl

k, k

E + 1 (E1] ! [EIT I

EEISbid,, Supplement for 1971, document DC/234, annex C,
sect. J.

89 See K. Stade, Pharmakologie und Kiinik synthetische Gifte,
Berlin, Deutscher Militdrverlag, 1964, p. 333,

90 D. F. Heath, [oc. cit., pp, 317-397.

0% See W. N. Aldridge, Biochemical Journal, vol. 46, 1950,
p. 451.



in which E is the enzyme, I the inhibitor, [EIl; an enzyme-
inhibitor complex and [EI], the irreversibly phosphorylated
enzyme. The reversible step of the reaction depends on the
affinity of the inhibitor for the active site of the enzyme and
is determined by the dissociation constant K; = ka/k;. The
phosphorylation constant k;, is a measure for the rate of
phosphorylation.

The most relevant data to obtain are obviously K, and k.
Unfortunately, however, only few data are available and fewer
still for powerful anticholinesterases. A. R. Main gives some
data in a pumber of publications?2-9% and we also obtained
both constants for the reaction of stereoisomers of a V-type
compound. However, for the problem with which we are con-
cerned, we may also use the bimolecular rate constant of the
reaction.

k

E+41 ———  w [EN],

for which the relation k; = k,/K, in the case of a powerful
inhibitor can be shown®? k, is reasonably easy to detzrmine 94

In the following, we wili use this rate constant as a2 measire
for antiacetylcholinsterase effects. In peneral, the rate of en-
zyme inhibition depends on a number of factors than can be
grouped in two categories: {a) the strength of the P-X bond
and (b) the interactions of the different parts of the organo-
phosphorus compound with sites of the enzyme. The factors
are of course interdependent.

For reasons of simplicity we will discuss the influence of
the structure of group X and of groups R, and R, successively,

The influence of the structure of the leaving group X

Some data on the rate of reaction of isopropyl methyiphos-
phonates are shown in the table.® Qnly the rate constant of
. the faster reacting stereoisomer has been shown.

As indicated above, two factors can be distiguished: the
strength of the P-X bond; and the interaction of group X with
the enzyme.

{a) In geperal, the greater the strenpth of the P-X bonrd
the Iess reactive a compound will be in regard to reactions in-
volving the breaking of this bond. This is a general effect
which can be observed in both the hydrolysis and the rate
of reaclion with esierases. The strength of the P-X bond is
related to the pK of the conjugated acid HX; the lower the
pK, of HX the more reactive the orpanophosphorus com-
pourd will be. Thus we find that fluoridates are very reactive
towards acetylcholinesterase whereas m-dimethylaminophenyl
compounds are very unreactive.%% The few experiments we
carried out with azidates (X = N, pK,HNg; = 4.7) point in
the same direction. A number of p-nitrophenyl compounds
also show a reasonable rate of enzyme inactivation (pX, p-
nitrophenol = 7.0).

(k) The interaction of group X with certain sites of the
enzyme is of course mmuch more specific and will vary from
enzyme to enzyme. Limiting ourselves to acetylcholinesterase
it is well known that this enzyme contains an aniomic site
which interacts with the cationic ammonium head of the sub-
stiate acetylcholine. If one introduces such a cationic head in
the leaving group, a very high rate of inhibition of acetyl-
cholinesterase is oblained®” with a far more specific effect
than with the compounds mentioned under {a). This rate is
not ia agreement with the above-mentioned dependemce on
the pK, of the conjugated acid (see table) and is therefore

92 See Science, vol. 144, 1964, p. 592,

93 See A. R. Main and F. Iverson, Biochemical Journal, vol.
100, 1966, p. 525.

24 For the metheds, see A. J. J. Qoms and H. L. Boter, Bio-
chemical Pharmaco!ogy, vol. 14, 1865, p. 1839.

85 A, 1. J. Qoms, Thesis, State Umvermty, leyden, 1961, and
H. L. Boter, Thesis, State University, Leyden, 1970,

96 See A. I. J. Ooms, Thesis, State Unwerstty, Leyden, 1961,

07 See 1. E. Tammelin, Svensk Kemisk Tidskrift, vol. 70,
1958, p. 157.
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attributed to a favourable interaction of this leaving group
with the enzyme, probably the so-calied anionic site. The
irnportance of the charpe can be seen by comparing the rates
of compounds 4, 5 and 6 on the one hand and compounds 7
and 9 on the other hand. Studies on the pH dependence have
shown®® that in the case of compound & only the protonnted
(charged) form reacts with acetylcholinsterase. Tha! there is
still a dependence on the strength of the P-X bond stems from
the fact that the corresponding P-Q-C-compounds do not
show any anti-acetylcholinsterase effect whatsoever., Concern-
ing the size of the groups on the mtrogcu or the sulphur
atom, we observed no great changes in the rate comstants if
the ayRy] groups do not exceed a certain size. Concerning
the number of carbon atoms between the thiol sulphur and
the cationic head there seems to be an optimum between 1
and 4.

The cyano group as leaving group takes a special posmon
In phosphates and phosphonates the cyano group gives rise
to extremely unstable compounds, but together with amido
groups linked to the phosphorus atom, compounds with a
fairly high anticholinesterase effect (Tabun) are obtained.

Summarizing the results discussed we may conclude that in

the formula

-*
compounds with X = F, N3, CN, 5.(CH,) SR, 5-(CH,),-
NR, and S-(CH,) »NR3 in peneral are very powerful anticho-
linesterases. The corresponding toxicity is in most cases also
very high. These compounds have therefore to be regarded as

potential chemical warfare agents with merely limited non-
military use.

The influence of the structure of the groups R, and R,

If the influence of the structure of the leaving group X on
the acetylcholinsterase inhibition ratz is rather clear-cut, that
of the structure of the groups Ry and Ry, which remain bound
to the central phosphorus atom in the process of the inhi-
bition, (we will not discuss hers the subsequent process of
ageing whereby one of these groups can be split off) is much
more complex. The gemeral outcome of our investigation,
together with other resnits available, will be preseated here.

First of all, we will distinguish between the following
three proups:

/O /jo
(Alkyl), P . {Alkyl O .
2 P {Alkyl O}, P\

]

=
d (Alk :
and (Alkyl O) (Alkyly P ~

called phosphinates, phosphates and phosphonates respectively.

The phosphinates are in general rather poor inhibitors of
acetylcholinesterase (some of them however do inhibit other
enzymes rather well} and fairly unstable.

The phosphates (among them for example DFP) give rise
to rather pood inhibitors with rate consiants in the order of
105 M-t min,

For chemical warfare agents their potency seems to be too
low, however.

The phosphonates comprise the group containing the most
dangerous nerve agents, so a somewhat more detailed consid-
eration seems to be in place.

Concerning the alkyl group direcily bound to the phos-
phorus atom in the phosphonates, it seems that maximum
rates are obtained with methyl groups and fairly high rates



with ethyl groups. With larger alkyl groups the reaction rates
drop off very rapidlyt6

The structural requirements for the atkoxy group seem to
be less stringent. There seems to be a maximum in the C,-Cy
range. Very high rales are obtained with alkoxy groups con-
taining a dialkviamine or a trialkylammonio group (so-
called Tammelin compounds)®? and with cycloalkyl groups.
Rate cobstants of cycloalkyl methylphosphonofinoridates are
all in the 10f range (M-imin.}) from cyclopropyl up to
cyclooctyl. Also unsaturated alkoxy groups pive mostly very
effective cholinesterase inhibitors.

In general the substitution of thiols for the alcohols, giving
phosphoaothiolates, give somewhat less but still some very
potent inhibitors. 98

The dialkylamido group has a somewhat peculiar position.
In combination with an alkoxy group and the cyano pgroup
as the leaving proup, it gives rise to compounds reacting
rather rapidly with acetylcholinesterase and showing a cor-
respondingly high toxicity {for example, Tabun).?® In some
other combinations, rather unreactive compounds are ob-
tained. The situation is certainly less clear than in the cases
discussed above,

Finally, we have to consider the QH group. In the Hter-
aturel® it is stated that O-desalkylation normally reduces
anticholinesterase activity more than 100,000-fold but with
cerfain terfiary amine-containing organophosphates the ac-
tivity is only reduvced 100-fold. As the last mentioned tertiary
containing amine compounds are the most active anticholin-
esterases known, the corresponding OH-containing compounds
are still very active, a fact that was confirmed in our own
studies.

Summarizing the resulis discussed, we may conclude that

N
RN

R,

R O
X
compounds with ¥ — O or S; R, is alkyl, cycloalkyl, sub-
stitted alkyl or hydrogen and R, is alkyl or dialkylamino
can give rise to compounds with high anticholinesterase rates

and corresponding high toxicity although not in every com-
bination.

The compounds mentioned (with the X groups discussed
earlier) have thus to be regarded as potential chemical war-
fare agents.

88 H. L. Boter and A. J. Qoms, Biochemical Pharmacology,
vol, 16, 1967, p. 1563,

%% S, Francke, op. cit., p. 347.

100 See A. H. Aharoni and R. D. O'Brien, Biochemistry, vol.
7, 1968, p. 1538.

The influence of the P=S group

Up till now we bhave discussed compounds containing &
PO group. It is, however, known that a number of com-
pounds containing the P=5 group are also toxic, Some of the
compounds, virtually the P=~8 analogue of the nerve gas
Soman, is as potent an inhibitor as the corresponding P=0
compound. 10l In other cases, the P—S8 compounds show a
much lower inhibition rate that the corresponding P—0O
compounds but are still rather toxic becawse of & bio-oxyda-
tion to the corresponding P—O compounds.102 For this rea-
son, we believe that certain orpanophosphorus compounds,
containing the P=S proup, may have an application as
chemical warfare agents.

Summary

In the preceding paragraphs we have tried fo establish
some general rules according to which an organophosphorus
compound behaves as o potent inhibitor of acetylcholinesterase,
As with most structure activity relationships these rules should
be regarded rathter as tendenciecs and no frm predictions are
possible (although some quanptitative predictions turned out
surprisingly pood).?6 It is therefore irnpossible to delimitate
the potential nerve agents using a general formula only. This
formula has to be wsed In conjunetion with a toxicity cri-
terion which should be established by toxicological experts.
For the general formula we propose:

4

/N

R'Y
/ P
R"

X
in which:
Y= OorS
Z=0oS

.

X=F, CN, Ny, S-(CHa)pS Ry " '/, S-{CHp) W Ry " '

or §-(CH,) N R, """

R’ — (substituted) alkyl, eycloakyl or hydrogen

R"* = dialkylamino

R e alkyl

In combination with a carefully selected toxicity criterion,
we conmsider the delimitated proup of compourds to incinde
very few compounds which are used as pesticides whereas the
majority of compounds may be used as chemical warfare

agents. This group couid therefore be liable to an uncondi-
tiopal prohibition of production and stockpiling.

101 H. L. Boter and A. J. J. Ooms, Recueil des travaux
chimiques, vol. 85, 1966, p, 21.
10% See for example, D, F. Heath, op. cit., p. 223.

Table

BIMOLECULAR RATE CONSTANIS (M-! min-1)OF THE INHIBITION OF ACEIYLCHOLINESTERASE
BY A NUMBER OF COMPOUNDS WITH THE GENERAL FORMULA.
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HX pKnofHX k(2se, pH == 7.7}
D HO- ¢ ) N e, 11.8 1.0 % 108
2) HO- -NO, 7.0 7.0 X 105
(3) HF 35 1.4 % 107
(4) HS-CH,CH, 10.4 5.4 % 100
(5) HS-CH,CH,-CH Me, 10.6 7.1 X 102
(6) HS-CH,-CH,-S Me . 9.6 1.5 % 104
(7) HS-CH,-CH,-§ Me, 8.2 3.7 X 107
(8) HS-CH,CH, N Me, .. .. ... 8.0 1.0 % 107
(9) HS-CH,-CH,-N Me; | 8.2 5.3 % 107
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Sweden: working paper on domestic legislation in Sweden
regarding chemical substances

[CCD/384 of 8 August 1972]
[Original: English}

During the discussions in the Conference of the Committee
or Disarmarnent on a chemical weapons prohibition, particular
attention has hitherto been focused on the supertosic agents,
which have mo peaceful use. As the goal should be a com-
prehensive treaty on the prohibition of the development, pro-
duction and stockpiling of all chemical weapons and on their
destruction, the time has now come to consider more in detail
also the less toxic, so called dual purpose agents.

As has been pointed out, comsiderable control efforts are
already being devoted by experts and orpans in other ficlds
than disarmament to the vast guantities of chemical agents
which are used int civilian life. The Conference of the Com-
miltee or Disarmament should therefore be able to take ad-
vantage of the national and intersational control which is
being built up for environmental and health purposes, in the
form of submission of statistics, licensing etc.

1t is in order to illustrate this view that a paper on domestic
legislation in Sweden regarding chemica! substances is pre-
sented. The aim of this legislation is to prevent injury to
buman health and damage to the environment from the in-
creased use in daily life of chemical substances.

The regulations now in force in Sweden in this field are
mumerous. A review prepared by the Swedish delepation last
year for internal working purposes listed no less than 44 dif-
ferent laws and regulations of widely different character.

These laws and regulations largely beloag to two different
groups. One group refers to products as such and their direct
control, for example their composition, manufacture, distribu-
tion, use, etc. This category includes the Poisons Act, which
is the basic piece of legislation as far as products injurious to
health are concerned. Coupled with this there is special Iepisla-
tion concerming products such as medicines, narcotics, fam-
mable goods, explosives, radio-active substances, foods, animal
feeding-stuffs, pesticides, polychlorinated biphenyls (PCB) and
fuel oils containing sulphur, used for heating purposes.

The other group of repulations refers to actions such as the
emission or release of hazardous substances, pollutants, etc.
Most noteworthy in connexion with pollution control is the
Enviropment Protection Act. The Public Health Act and other
legislative provisions, to a greater or lesser extent, control the
discharge and spread of substances potentially detrimental to
the environment.

It has been found, however, that the present legislation does
not provide adequate protection. The Government therefore
requested the Natienal Environmental Committes to study the
situation and to make appropriate suggestions. The Committee
bas recently recommended a more comprehensive legislation in
the form of a new act on products hazardous to man and the
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environment which it proposes should come into force on 1
July 1973. The already existing National Environment Profec-
tion Board should be the responsible authority and—based on
authorization given in the act—issue regulations, etc., repard-
ing chemical products. It should also be the supervisory au-
thority under the terms of the act.

It is recommended that the new legislation be fexible. The
risks connected with a certain substance or other product may
depend on many different factors. Any one harmful effect may
be caused by a range of different products and different con-
trol measures may be reguired depending on the product in-
volved. In addition, the degree of inmtervention in each case
would have to be based on a risk-benefit evaluation, that is,
decisions should be made after a consideration of the socio-
economic need for the product balanced against the risks con-
nected with it. Furthermore, new developments in science de-
mand continuous reconsiderations of regulations in force and
of decisions already made. For these reasons the Environmen-
tal Committee has found precise and detailed reguiations out
of the question. Accordingly, the Committee has sugpested that
the new act on products hazardous to man and the environ-
ment should have the form of a central statute containing {a)
fundamental principles concerning the pre-requisites for im-
portation, manufacture, marketing, destruction or other hap.
dling of such products, and {b} authority to the administra-
tion {o Issue special regulations for implemeatation of the act.

As lo the more detailed contents of the act, the following
proposals of the Committee may be of some interest,

The act shall be applicable to products hazardons to human
health and to the environment, defined as substances and
preparations that because of their properties and handling are
known or suspected 10 cause poisoning or other injury to man
or barmful effects in the environment.

Those engaged in the handling of products referred to in
the act shall take ali the necessary steps to prevent or mini-
mize harmful effects from the goods. Those who manufacture
or import a product should normally be primarily responsible
for any preventive measures required.

The obligation to investigate the effects of a product on
buman health and the environment shall inclode ali known
relevant hazards as far as current methods of examination
permit. These investigations obviously cannot be required to
exceed the prevailing level of scientific knowledge.

The Government or an anthorily nominated by the Goy-
erpment shall be authorized to require that hazardous products,
as well as particular groups of substances and preparations
among which such products are to be found, may be imported
or handied only after permission has been given by an au-
thority nomirnated by the Government The Environmental
Comumittee has considered the question of extending the sys-
tem of compuisory licensing which now applies to pesticides
50 as 10 cover all or at least a great part of chemical products.
This system involves a decision by the authorities in each
case before a product is put on the market, Considering the
great nmumber of individual products concerned and the inade-




gnate availability of toxicological and other expertise, the En-
vironmental Committee has not found it possible to recommend
the universal adoption of a system of compulsory licensing.
However, the Conmunittee agsumes that the number of product
groups subject 1o this kind of licensing will be pradually ex-
tended under the provisions of the act.

The Government or an authority nominated by the Gov-
ernment shall be authorized to prohibit the importation or
handling of particularly hazardous chemical products.

The Government or an anthority nominated by the Govern-
ment shall receive an authorization to issue special regulations
and to stipulate special conditions reparding the importation,
manufacture, marketing, destruction and conversion and any
other handling of hazardous products as well as particular
groups of substances and preparations among which such
products are {o be found.

In addition to imstructions to protect the health of the con-
sumer, the Committee mentions, as an example of a new kind
of regulation necessary for some products, instructions for
destruction or for bringing the remains of the product to an
authorized destruction plant.

To be able to maintain a satisfactory control of hazardous
products the supervisory authority needs access to informa-
tion about which products are on the market or otherwise used
and their ascertainable composition, toxicological-ecological
characteristics and their sales turnover. An authority nomi-
pated by the Government is authorized to issue regulations
about an obligation to report the above facts.

A supervisory authority shall have the right to decide on
prohibitions that are clearly necessary in order to ascertain
that the regulations made are being complied with.

28.

Mexico: working paper containing a subject index of opin-
ions expressed on the guestion of the reorganization of
the Conference of the Committee on Disarmament dur-
ing its meetings held from 29 February to 3 August
1972

[CCD/385 of 8 August 1972}
[Original: Spanish]

I. In addition to the Secretary-General of the United Nations
{545th meeting), the following delegations have referred in
their statements to the question of the reorganization of the
Conference of the Committes on Disarmament;108

Brazik 557th and 564th meetings
Bulgaria 549th meeting
Canada 546th and 371st meetings
Czechoslovakia . 550th mesting
Egypt 555th meeting
Hungary 554th meeting
India 552nd rmeeting
Italy . 547th meeting
Japan 547&1 and 562nd meetings
Mezxico 545tk meeting
Mongolia 552nd meeting
Morocco . 555th meeting
Netherlands 552nd meeting
Nigeria 553rd meeting
Poland 55kst meeting
Romania . 550th 559th and 574th meetings

Union of Soviet Socialist Repubhcs 560th and 561st meetings
United Kingdom . . . 546th meeting
United States of America 545th and 560th meetings
Yuposlavia 548th and 572nd meetings

II. The following delegations bave spoken of how and when
reorganization should be discussed:

United States of America 545th and 560th mectings
Mexico .. 545th meeting
Canada 546111 and 571st meetings

103 Delepations are listed here in alphabetical order; else-
where in the decument always in chronological order,
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Uaited ngdom 546th meeting

Fapan 547th and 562nd meetings
Ttaly .. 547th meeting
Yugostavia 548th and 572nd meetings
Bulgaria 549th meeting
Czechoslovakia . 550th meeting
Romania SSGl:h and 559th meetings
Pot?ad 551st mesting
Iadia ‘ . 552nd meeting
Netherlands 552nd meeting
Mongolia 552nd meeting
Nigeria 553rd meeting
Hungary 354th meeting
Egypt 555th meetxng
Morocco . 555th meeting
Brazil

557th and 564th meetings

Union of Soviet Socmhst képﬁbhcs 560th meeting

II1. Specific changes sugpested:
A. Procedure
1. Replacement of the system of co-chairmanship by the

anpual election of a chairman or monthly rotation of the
chair:

Mexico 545th meeling
Yugoslavia . 548th meeting
Brazil

. 557th meeting
2. Apnual election of officers in accordance with the sys-
tem of rotation used in the United MNations:
Romania . 550th meeting

3. Ananug] e!cct:on of itwo vice-chairmen, one from each
of the two main military alliances:

Brazil . 557th mecting
4, Election of a rapporiear:

Yugoslavia . 548th meeting
3. Preparation of an annuai programme of work:
Yuposlavia . . . 548th meeling
Romania 550th meeting

6. Adoption of a calendar for each session:

Nigeria 553rd meeting

7. Participation of the Secretarmt in the preparation of
the annual report:

Mexico 545th meeling

Yugoslavia 548th meeting

8. Permission to ﬂommcmbcr countries to express views
and make proposals in the Conference:

Yuposlavia ‘ 548th meeting
9. More frequent mformal meetings:

Japan 547th meeting
10. Use of woerg roups:

Ttaly . 547th meeting
Yugoslavia 548th meeting
Romania 550th meeting
Brazil 557th meeting

B. Enlarpement

1. This should be done in such a way as to secure, with-
out detriment to the smooth working of the Conference,
the participation of France and of:

{a} All the nuclear Powers:

United States of America 545th meeting

Canada . 5461I1 and 571st meetings
Japan . . 547th apnd 562nd meetings
Yupgoslavia . 548th and 572nd meetings
Bulgaria 54%th meetings
Czechoslovakia . 550th meeting
Romania 550th meeting
Poland 551st meeting
Nigeria 553rd meeting
Hungary 554th meeting
Moroceo 555th meeting
Brazil 557th and 564st meetings

Union of Soviet Socialist Reﬁublics .
560th and 5615t mcetmgs




(b) The great Powers:
Netherlands . | ... 552nd meeting

{c) The major military and economic Powers:
United States of America . . ... 545th meeting

{d) Countries of military importance:

Capada .. ... . 546th meeting
United Kingdom . 546th meeting
Ttaly . o . 547th meeting
Yugoslavia 548th meeting
Poland = . . | . 551st meeting
Mongolia . .. . . 352nd meeting
Nigeria . . 533rd meeting
Hungary e 554th meeting
Union of Soviet Socialist

Republics 560th and 561st meetings
{¢) China:
Mexico . Ca . 545th meeting
Capada ... . . . 546th and 571st meetings
United Kingdom “seeo.. .. 346th meeting
Japan ... . - 547th and 562nd meetings
Ttaly . s e ... 347th meeting
Yugosiavia - 348th and 572nd meetings
Bulparia . 545th meeting
Poland . 551st meeting
India ., . 552nd meeting
Netherlands 352nd meeting
Mongolia 352nd meeting
Niperia 553rd meeting
Hupgary = 554th meeting
Moroceo . .. .. ... ... . 555th meeting
Union of Soviet Socialist Republics 560th meeting
Brazil . 564th meeting
(f) Germany:
United Kingdom 546th meeting
Netherlands 352nd meeting

{g) The Federal Republic of Germany and the German
Democratic Republic:

Czechoslovakia . . 350th meeting
Polapnd . 551st meeting
Mongolia .. 552nd meeting
Hungary . . 354th meeting

2. The eolarpement, like that of 1969, should be sub-
mitted to the General Assembly for approval:

Mexico . 545th meeting
3. In the cnlarpement a reasopable balance should be

maintained between the three groups making up the
Conference:

Nigeria . 553rd meeting

IV. Main objectives of a reorganization, explicitly mentioned:

A. To mzke the Conference a more effective organ, with
the participation of China and France:

Mexico 545th meeting
Canada . : 546th meeting
United Kinpdom 346th meeting
Japan . ‘ 547th meeting
Ttaly . .. 547th meeting
Yuposlavia 548th meeting
Bulparia Ceienseess oL L 549th meeting
Romanja | ... 550th, 559th and 574th meetings
India .. e 352nd meeting
Mongolia 552nd meeting
Nigeria 553rd meeting
Hungary . 554th meeting
Brazi] . 55Tth meeting

B. Better observance of the
ity of States:

principle of the sovereign equal-

Mezxico .. A45th meeting
Yugoslavia . ... ... . . . 548th meeting
Romania . 550th and 574th meetings
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C. To ensure that the Conference reflects changes in the
international political situation:

United Kingdom . 346th meeting

Italy .. . 547th meeting
Yugoslavia 548th meeting
Bolgaria =~ . .. ... ~eoo ., 549th mesting
Romania . 550th, 559th and 574th meetings
Egypt ‘ 5355th meeting

D. To ephance the authority and credibility of the Cor-

feremce as a negotiating body for disarmament:
Bulgaria 549th meeting
Netkerlands 552nd meeting
Romania 574th meeting

E. To enable the Conference to participate in the prepara-
tory work for the world conference on disarmament:

Mexico 545th meeting
Italy . © oo o 547th meeting
Yugoslavia 548th and 572nd meetings
Bulgaria . 549%th meeting
Poland 551st meeting

Union of Soviet éoéialisi .Re;':uﬁl.ics 560th meeting
F. To cnable the Conference to become the permanent
negotiating body which may result from the world disarma-
ment conference:

Mexico 545th meeting

29,

United Kingdom of Great Britain and Northern Ireland:
working paper on seismic data handling and analysis
for & comprehensive test han

[CCD/386 of 22 August 19721
[Original: English)
Introduction

In September 1965 the United Kingdem tabled a working
paper (ENDC/155)184 which outlined a scheme for monitor-
ing underground explosions by means of a network of between
20 and 25 seismograph arrays. The systemn was described in
more detail in document CCD 296 of 28 July 1970105 whep
the detection and discrimination capacity of a world-wide net-
work of 26 arrays on named sites was presented.

Both papers referred to the need for processing the re-
corded data so that the full potential of the arrays could be
used. In particular, the second paper recomunended the instal-
lation at each station of a small computer 1o assist with the
handling and processing of these data. Backed by the results
of the research and development programme which began in
1860, the United Kingdom was in a position to make detailed
specifications of the design of the ‘array and of site and en-
pineering requirements, for a piven detection and discrimnina-
tion threshold, and to provide an estimate of the capital and
running costs for a network having a discrimination threshold
for explosions giving average magnitudes of my, 4%, Following
the arguments presented in the Unijted Kingdom working paper
CCD/363/Rev.l of 25 April 1972 (see sect. 6 above), this
threshold can now be better expressed in terms of M,. Direct
measurements of Rayleigh wave amplitudes show that the
threshold of the network advocated in document CCID/296
is M 2¥2. Reference to the observations summarized in ap-
pendices A and B of document CCD/363/Rev.l indicates a
yield equivalence of roughly 5 k'ton referred to consalidated
rock (or about 40 k'ton to urconsolidated rock).

However, the requirements and design of the computer-aided
system for processing the recorded data had not beer studied
in detail at the time document CCD/29§ was presented in
1970, and the purpose of the present working paper is to ex-
pand on the reasons why a good deal of data processing would

104 See Official Records of the Disarmament Commission,
Supplement jor January to December 1 965, document DCr223,
annex I, sect. C.

1052161':1‘, Supplemnent for 1970, document DC/233, anpex C,
sect. 25.




be best carried out at the recording stations, to outline the
kind of system which would do the task and to review costs
in the light of other new studies which have been nndertaken
by the United Kingdom since the working paper was com-
pleted two vears ago.

Last year the United Kingdom pointed out398 that the intro-
duction of tape recording required by the Canadian improve-
ments to standard stations (CCD/327 of 29 June 1971)107
would involve some degree of electromic processing before
measurements could be made on the improved seismograms.
The advantages of an array of seismometers over a standard
station are to increase the amplitude of the signal relative
to background noise (signal-to-moise ratio), to separate over-
lapping signals, and independently, if not very accurately, {o
locate events,

However the complexity and speed of processing required
to exploit these advantages are much preater than are re-
quired for improved standard stations {(for which no more than
straightforward filtering processes are needed) and require
computer processing. Examples of the procedure necessary be-
fore an analyst can make best use of the recorded data from an
array are illustrated in the annex to this paper. The examples
are derived from processing carried out in a laboratory with
the aid of an analog computer; but for operational purposes at
an array station a fast digital computer is esseniial (see de-
scription below of the Seismic Array Station Processor which
has been designed for this purpose}.

For the United Kingdom Research and Development pro-
pramme, the processing and analysing of array recordings has
always been done at a data centre; the recording stations are
provided only with visible recordings, similar to those of a
standard station. If arrays of this type are to be used to
monitor a comprehensive test ban the guestion that must be
answered is how and where are all the recorded data to be
processed, displayed and analysed.

In document CCID/296, the United Kingdom advocated that
the full power of each array should be made available by
suitable processing at the stafiom, thereby piving analysts at
each station the full bepefit of the array. The consequences
of this decision wounld be reflected in a reduction of long
distance communications loads, and of routine processing at
data centres of huge quantities of unpecessary data. This is
because the overwhelming proportion of the recorded data is
background noise and earthquake signals, which if transmitted
to regional or international data centres would add signifi-
cantly to the running costs of each station. Other factors in
favour of this approach are that the basic measurements
whether of standard yecordings, improved standard recordings,
or of processed array recordings are eqgually simple to make by
competent analysts, and that such facilities would give greater
independence to natiopal systems of verification.

These points were briefly made in the United Kingdom
working paper CCD/296, but the way in which the task might
be accomplished had not been studied in detail. Since then,
one of the principal efforts of the United Kingdom research
programme has been devoted to the detziled design of a Seis-
mic Array Station Processor (SASP). A SASP is now under
construction and it showeld be operational by the end of 1973.
A first report on its performance should be available early in

1574, In the philosophy and design of SASP the United King- -

dom researchers have benefited from the pioneer work on the
same problem by colleagues in Australia and Canada. The
rest of this working paper contains a brief recapitulation of
the problem, the method proposed to solve it, and an updated
version of the costs estimated in document CCD/296.

The Seismic Array Station Processor

At an average array site the analyst would be expected to
deal with some 5,000 events each year (although this number
might easily be doubled in great earthquake years) and the

108 1hid.,, Supplement for 1971, document DC/234, annex C,
sect. 32,
107 1bid., sect. 9.
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analyst should spend his time looking only at the signals from
these events. But these signals will occupy only about 400
hours out of a total year's recording of 8,760 hours. How does
one quickly and reliably eliminate over 8,000 hours (over 95
per cent)} of non-essential data each year? It can be done with
the assistance of a specially programmed computer, and once
accomplished, and the improved seismopram displayed, the
analyst takes over as described in the appendix.

The computer can be used basically in two ways. One way
ig to feed the signals from the seismometers directly into the
computer and arrange for signals {o be processed and dis-
played as they are recorded. The analyst wonld make measnre-
ments on each signal while waiting for the next event to be
recorded. This is the so-called “real-time” or “on-line” method,
and it would entail manning the statiom throuphout the 24-
hour day. It would also result in gross misuse of the small but
fast computers which are nowadays available for the task. The
alterpative method which we have decided to use is to scan
the previous 24 hours of magnetic tape recordings “off-line”
as fast as present day computers would sliow, and thereby
complete the whole detection and editing procedure within the
first hour or two of the following working day, leavinpg time
for analysis, for dealing with interropations from data cen-
tres or other stations, for special studies of “difficult” events,
and for maintenance of the equipment. To begin with, a speed-
up factor of eight tirnes over the original recording speed will
be used. At this speed, sets of beams will search (sweep) for
signal arrivals using all the short-period (narrow band) seis-
mometer oufputs within the array. With further experience of
the system and with even faster computers now being mar-
keted a day's worth of recordings may be scanmed in less
than one hour. When an event is detected, the rough onset
time and approximate epicentre is noted and the unfiltered
(“raw”) array data for a period of about fwo minutes be-
fore and after the event will be transferred to a “library” tape.
Iz this way the lopg sections of noise, which form the bulk of
the previous 24 hours recording, are eliminated and only those
sections that contain recognizable signals are stored on the
library tape. Though this fast detection-editing process takes
advantage of filers for maximum detection capacity, as Hlus-
trated in fipure 1 of the annex, the event library tape contains
unfiltered array data, thereby retaining any differences in
source characteristics which may be present in the original
data.

The two muain considerations in the desipn of SASP are
speed—the faster the many hours of background noise be.
tween each event can be eliminated the more time will remain
for analysis of events—and the fact that the short-period
(P-wave) arrays are more sensitive than those of long-period
(R-wave) in detecting underground explosions. Working paper
CCID/296 drew atlention to this point when assessing the prac-
tical limits to discrimination, and advantage has been taken
of the half-magnitude gap between detection and discrimina-
tion to reduce the complexity and cost of the processor by
accepting a reduclion in the automatic detection threshold of
SASP of my, 0.2 relative to the optimum capacity of the array.
Any evenis not detected because of this relaxation will still
be available on the primary recordings for special searches on
interrogation by other stations or data centres. The processing
has also been simplified and costs reduced by taking advan-
tage of the line symmetry of the United Kingdom type arrays.
The {ull resolving power of the array will of course be used
when the apalyst comes to process the library tape of events
which have taken place during the previous 24 hours A much
denser {(high resolution) pattern of beams will then be formed
round the original detection beam, and the parameters esti-
mated from the maximum resolution of each event will be
typed out, and the best (maximum resolotion) seismogram
displayed visually for the analyst,

The long-period signals will be processed in a similar fash-
ion, the onset times having been predicted during the process-
ing of the event library tape, and finaliy the basic data on the
event will be punched onto paper lape for transmission, with
the analyst’s assessment, to other stations or to regional or
international data centers whenever called for.



The United Kingdom recording system is economical of
magnetic tape, and there would be no practical difficulty in
retaining the magnetic tapes for the arrays and the event
library for a period of two years. This allows ample time for
reviews of data in the context of a comprehensive test ban
and for seismolopgical research. The data are particularly valu-
able for the lafter activity and the two year data bank cur-
rently stored by the United Kingdom is much sought after.

Costs

The cost (1972) of SASP is estimated to be £30,000, in-
cluding additional facilities {for research and development and
for testing criteria) which will not be incorporated in an
operational recording station. This is a quarter of the esti-
mates which were included in the over-all figure of £15 mil-
Hon reported in document CCD/296. The United Kingdom
researchers have also reviewed the design of the 16-clement
long period arrays and reached the conclusion that vertical
component seismometers would suffice in place of the three
component instruments recomunended in 1970. The over-all
effect at 1972 prices would be to reduce the cost of the United
Kinpdom proposals in documest CCD/296 to about £10
million. -

Appendix
EXAMPLES OF DATA PROCESSING AND ANALYSIS

The upper traces of figures 1 and 2 are the records of a
single seismometer selected from an array of 20. They are
eguivalent to the vertical component recording of a standard
station. The second trace of figure 1 is the result of beaming
(tuning) the whole array at GBA (S India) for optimum re-
ception of seismic energy arriving from eastern Kazakhstan,
To the practised eye this record now reveals a small signal of
short duration but of higher frequency than the backpround
noise about 65 seconds after the bepinning of the recording,
and it is the sudden change of frequency at this point which
draws the analyst’s altention to it. Advantage is now taken
of this change of frequency by passing the recording through
a suitable filter which has the effect of diminishing the amphi-
tude of the lower freguemcy noise, while passing the hipher
frequency signal. The result, illustrated in the fhird trace of
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an azimuth of O°
and distance 36°
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maximum signal-to E
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figure 1, is a signal on which the amalyst can now make an
accurate measurement of armplifude, and after applying the
normalizing factor appropriate for the approximate distance
beiween eastern Kazakhstan and Gauribidanur, an estimate of
the magnitude (m,) of the event. In doing so he makes the
reasonable assumption that the signal is the P-wave or first
arrival of a seismic event. The analyst is also able now to
measure the onset time of the signal, and thereby infer the
expected arrival time of the lower velocity R-waves. He will
then search the statfon recordings for sipms of the swrface
waves around this time.

In this particular case the amplitude (M,) of the R-wave
was small even after suitable processing, and the measure-
ments, perhaps also the recordings themselves must now be
transferred to a centre for more detailed processing and col-
lation with those of other stations before a decision on the
source of the event can be made. Nevertheless, given the suit-
ably processed aryay data the station analyst was able to detect
signals which otherwise would be difficult or impossible to see
in the background noise, and from simple measuremenis o
estimate onset times, rough locations, and magnitades m, (and
M, if R-waves detected). The lower trace in figure 1 is the
result of a processing method which meascres the energy of
the signal. It is useful for assessing the complexity of seismic
events, and is a more efficient way of detecting them, but mo
amplitude {m,) measurements can be made on this trace.

Figure 1 iHlustrates the effect of processing an array on the
detection of small signals. In figure 2 on the other hand the
signal on the “standard” recording is clearly defined; the on-
set time and magnitude can be measured without processing. A
second arrival which follows the onset some 80 seconds later
could weil be associated with the train of sipnals initiated by
one event In fact, as the mext two traces show, the array
beams have revealed thet these two signals originated at two
guite different places. Signals from an event in Nevada have
overlapped with the wave train initiated by an event in the
Pacific Ocean. The surface-wave magnitudes of the first event
puts it in the earthquake population on the m, : M, criterion.
The well marked burst of emerpy which arrives some 20
seconds afier the P onset of this event wonld be earmarked by
the analyst as a possible surface reflected P wave indicating
source of about 90 kms in depth,
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Tltustration of the improvement of signal-to-ngise ratio by means of a UK type array (GBA)
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Detection and separation of two mixed P-wave signals by means of a UK type array (YKA)

(FLOSSARY OF TERMS USED IN THIS WORKING PAPER

On-line computer

Off-line computer

Real time processing

Beam-forming

Seismic spectrum

Short-period (SP) recording
systems

Long-period (LP) recording
systems

Very-long-period (VLP)
recording systems

A compufer used to process daia as it is recorded with little
or no time delay.

A computer used to process data previcusly recorded onto a
magnetic tape. Delay between recording and processing can
rgnpe up to many years.

Equivalent {o using an on-line computer: the processing is
carried out as the seismic data is recorded.

The process of combining the outputs from the seismometers
of an array to leok for signals arriving from a given direg-
tion and distance. Usually a number of beams are formed
covering a range of directions and distances. When a sig-
nal (which is large enough io detect) arrives at the array
this signa! will appear with largest amplitude on the beam
that is looking towards the source of the signal; this output
is called the best beam. So not only is the signal detected
but the epicentre of its source can be determined from a
konowledge of the direction in which the best beam is point-
ing. Beam-forming is also something calied beam-steering
or the process is referred to as phasiog or tuning the array.

Seismic evenis penerate vibrations with a very wide range of
frequencies. A large earthquake for example produces vi-
brations ranging from several vibrations (cycles) per second
down to one vibration in about an hour: The whole ranpe
of seismic frequencies is called the seismic spectrum.

Conventionally systems that record only that part of the seis-
mic spectrum around 1 cycle/second (ie. periods of vibra-
tion of 1 second).

Long-period (LP)
recording systems

Currently used to describe systems that record only that part

of the seismic spectrum around 0.025 cycles/sec (i.e. pe-
riods of vibration of 40 seconds).
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Narrow band recording Systems that record only a small ranpe of freguencies out of

systems the total seismic spectrnm. SP, LP, and VLP systems are
narrow band.
Filtering The process of operating on any signal to select particular fre-

quencies of vibration and suppress others.

30,

Conada: worldng paper on toxicity of chemical substances,
methods of estimation and applieations 10 a chemical
control agent

[CCD/387 of 24 August 1972]
[Original: English]
Introduction

Considerable difficulty has been encountered by the Con-
ference of the Committee on Disarmament in the formmlation
of an agreement banming the development, production and
stockpiling of chemical agents for use in warfare. A guestion
which has been raised a number of times by various delegates
to the Conference of the Committee on Disarmament (Japan
CCD/301308 and -344;109 Netherlands CCD/320;110 etc.) has
been that of developing a means of defining those chemicals
which should fall within the terms of reference of such an
agreement. The United States in its paper CCD/360 of 20
March 1972 (see sect. 4 above) outlined a number of criteria
by which a chemical arms sgreement might delineate, for the
purposes of control, those chemical substances which have
potential usefulness in warfare. Since an agenda item of this
meeting is “Criteria for Characterizing *Super Toxic' Agents”,
we have chosen to discuss toxicity as a means of classifying
chemical substances to be controlled.

108 [bid,, Supplement for 1970, document DC/233, annex C,
t. 30,
60 Ibid., Supplement for 1971, document DC/234, amnex C,
sect. 36.
118 fbid., sect. 3.

Generally, the term toxicity refers to the capability of a
chemical substance fo produce a moxious effect upon Hving
processes. The physiological effects can range from those that
are just observable, to the extreme end of the spectrum, acute
lethality. Classes of chemical substances are available for use
in warfare, which encompass this spectrom of noxious effects,
as is illustrated in fignre 1. We shall consider in this paper
procedures for estimating the potency of potential chemicals of
warfare which have lethality as their primary toxic effect, and
in particnlar those which might be referred to as “super-
toxic”, for example the nerve agents. Our cornments in re-
gard to the role of a toxicity criterion for defining chemical
warfare apgents will not be applicable to the control of the
less toxic chemical warfare substances, for example the irri-
tants, incapacitants, or some of the oider agents such as the
mustard gases. We are assuming herein, as the United States
paper suggests, that such chermicals would be defined by other
criteria of the control agreement.

In order to have a toxicity criterion, and in this context we
jmply lethality, as a part of a chemical control apreement, it
will be necessary to develop standardized laboratory testing
procedures and means for interpreting the ensuing results
should @ complaint arise concerning the production or use of
a specific chemical substance. We will outline briefly proce-
dures for estimating the lethal toxicity of such compounds,
considering for example, Tesource sequirements, choice of test
animals, methods of testings, experimental design considera-
tions, etc., and conclude our remarks by giving our opinion on
the relationship of lethality testing to a chemical control
agreement.
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Tigure 1

Classes of chemical warfare agents defined by primary mode of action
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Facility and resource reguirements

To assess the lethal potency of & chemical substance prop-
erly, the following supporting factiors shouid be considered in
order to make a biological test system functional:

(1) A minimum guantity of the chemical will be required
for complete testing; 5 g if it is a solid or liquid, and the
ability to synthesize it if it is gas.

{2} Physicochemical information i5 required on each sam-
ple fested to verify its authenticity, solubility, composition,
ete., for use by the toxicologists directing the biclogical tests.

(3) Testing laboratories must be equipped with adequate
facilities as well as trained operators to handle safely com-
pounds of a “supertoxic" pature.

{4} Conditions of storage for the test compounds must be
such that the chemical stabBity of the samples is maintained.

(5) Test laboratories must have the facility to destroy or
detoxify the samples after testing thereby ensuring no un-
necessary holding of toxic chemicals.

To carry out the task of defining the lethality of candidate
chemical substances adequately, the following specific investi-
gational reguirements must be mei:

(1) Quantitative testing must bz carried out on more than
one animal species, the minimum requirement being two rodent
and one non-rodent species,

(2) The species of animals used must be of uniform penetic
stock which are guaranteed to be in continuous long-term
supply. Rodent species used should be albino to facilitate the
observation of eye and skin effects, Swine if used should be
white-skinned.

(3} Optimizm standards of animal care must be practised
with uniform environmental conditions for animal treatment
and post-treatment holding being employed.

Lethality testing—recommended general procedures

It is not possible to define in detail rigid procedures which
should be followed in the estimation of the lethal potency of
a chemical substance with relevance to its possible usage in
warfare. Much depeads upon the nature of the substance and
the circumstances under which it is being tested. We would,
however, recommend the following general approach to le-
thality testing:

Stage 1

If the substance to be tested is a gas, then for simplicity
the amalyst should carry out inhalation studies, the elements
of which we will discuss at a later stage of this presentation, If
it is a solid or liguid, it should first be administered to
mice by intraperitoneal injection wsing @ gross observational
method for recording dose-efect similar to that described by
Campbell and Richter 21t Tnitial testing should be carried out
at a dose of 50 meg/kg. It and all subsequent difutions (in a
0.9 per cent saline solution) should be administered at a
volume of 0.005 ml/g to male mice weighing from 2B to
32 g I the substance is non-water soluble it can be sus-
pended in 09 per cent saline solution containing 0.5 per
cent methylceilulese. The animals in each dose group should
be closely observed for 30 minutes and all physiological
symptoms recorded; subseguent observation for mortality
should be carried out at 24, 48 and 72 hours. If animals die
between 24 and 72 hours, it will be necessary to extend
mortality observation to 14 days.

In addition to the above testing, other groups of male mice
should be similarly injected intravenously with the chemical
in a saline solution, or if it is insoluble, subcutaneously in
suspension at an injection volume as above. The rate of the
intravenous injection should be constant at G.01 ml/sec. The
dose administered should again be 50 mg/kg, and a similar ob-
servation time as employed following the intraperitoneal
imjection is recommended.

1:D, B, 8. Campbell and W. Richter, “an pbses_vaﬁor_xal
Method for Estimating Toxicity and Drug Actiops in Mice
supplicd to 68 Reference Drugs", Acta Pharmalogica Texico-
logia, vol. 25, 1967, p. 345,
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If deaths appear in groups of 10 animals treated at a dose
of 50 mg/kg by either method of administration, subseguent
dilutions should be made and injected into other groups for
determination of IDgy's by appropriate statistical techniques. 142

Under the assumption that further testing is still required,
male rats weighing 200-250 g should be injected with a saline
solution or suspension of the test compound. Groups of mot
Iess than five rats are to be tested with the compound being
injected by both the intraperitoneal and the intramuscular
routes. The volumes for admipistration are 0002 mi/g for
intraperitoneal and 0.001 ml/g for intramuscular. Observation
for dose mortality effect should be carried out for 72 hours
and again if death occurs between 24 and 72 hours the groups
of animals should be observed for a total of 14 days for final
recording and compilation of data. LDyg,'s for the compound,
administered by the two different rontes, would be required.

Stage 2

Compounds with LDg,'s significantly less than 50 mg/kg in
cither of the rodent species by any route of administration
thus far used should now be tested in a non-rodent species. The
animal of choice for this testing is the dog.

If the compound is soluble in water it can again be adminis-
tered in a 0.9 per cent saline solution via the intravenous
route (injection volume 0.2 ml/kg, rate 02 ml/sec). If it is
non-water soluble it should be administered subcutaneously
in an aquepus suspension containing 0.5 per cent methyl-
cellulose at a volume of 0.1 ml/kg. Each animal would then
be closely observed for eight hours after injection for symp-
toms and subsequently at 24, 48 and 72 hours. Surviving
animals should be held for a total of 14 days for observation
of the occurrence of delayed symptoms and death.

On the basis of the {oxigity data obtained from the three
species possibly tested, the chemical substance shonld now be
categorized according to its lethal potency utilizing the mini-
mum LDy, thus far recorded. One possible cateporization is
that given in table 1.

Table I

CHEMICAL WEAPON LEYHALITY CATEGORIZATION

Class LDSO Dose Range
Toxic . . 50-1 mp/kp
Highly toxic 1.0-0.025 mg/kg

Extremely toxic . <0025 meg/kg

Those chemicals classified as toxic may be viewed as being
within the upper limit of what would be logistically feasible
ag lethal weaponry. Further toxicity studies are not recom-
mended on such chemicals since it is unlikely that they would
come within the terms of definition of a toxicity criterion:
however, this does not imply that the information available
cannot be interpreted with regard to other criteria of the
chemical control agreement. Those found to be highly or
super toxic would warrant further consideration and this im-
plies that the investigators must orient their approach to evaln-
ating the chemical substance with regard to its potential use-
fulness in warfare, This reguires a detailed interpretation of
the potency data obtained thus far, and also an understanding
of the physico-chemical properties of the substance.

Sage 3

Chemicals which are found to have ap intrinsic toxicity
caiegorizing them as potential lethal chemical warfare agents
(for example, LDy, <1 mg/kp), should be subjected to further
testing as follows. Similar toxicity studies as previously car-
ried ot in the two rodent species should be extended to in-

112, I, Bliss, “The Calculation of the Deose Mortality
Curve”, Annals of Applied Biology, vol. 22, 1935, p. 307 and
D. T. Finney, Profit Analysis, 2nd ed. Cambridge University
Press, Cambridge, 1852,




clude separate assays for both male and female animals. If
significant differences in lethality appear which are attribotable
1o sex, it will be necessary to carry out both male and female
assays in the other species utilized.

Autopsies should be carried out on the rats and dogs tested
to look for apy gross pathological changes. This should be
done on animals killed by the agent and alse on those which

had survived the sub-lethal dose treatments for a period of
14 days.

Compounds which are highly or extremely toxic should also
be tested with relevance to their most practical route of entry
in man, the most praclical route of entry being based upon
the physico-chemical properties of the substance, for example,
as illustrated in table 2.

Table 2
PRACTICAL ROUTES OF ENTRY IN MAN V., THE AGENTS PHYSICO-CHEMICAL. PROPERTIES

Physico.chentical property

Route of Endry

Gas (at normal temperature and pressure)}
Liquid—high vapour pressure
Liguid—low vapour pressure

Solid-—high vapour pressure
Solid—low vapour pressure

Inhalation
Inhalation—vapour
Inbalation—aerosol
Percutanecus—intraocular
—normal skin
Inhalation—vapour
Inhalation—=aerosol
Percutaneous-intraccuiar
—norimal skin

The assessment of the lethal hazard of the chemical sub-
stance being tested by the above-mentioned routes of entry
should be carried out according to standardized techmigues,
and we recommend the following points be considered:

(a) Inhalation route:

Inhalation lethality should be catculated from two relatively
short exposure periods of two minutes and 10 mimues, and
the dose response reported as an LCty, The choice of species
for inhalation studies is either the dog or swine. The vapour
or aerosol exposure facility would require the support of an
analytical chemistry facility to monitor actual agent concen-
trations in the chamber during the exposure. If the substance
is a sohlid, it will be necessary that aerosol particles be pene-
rated in an optimum particle size range to permit penetration
into the lung alveoli.

Immediately after exposure the animals must be observed
closely for symptoms for a period of eight hours and the
surviving amimals periodically observed for 14 days. Special
note should be taken of the delayed increase in posi-treatrnent
pulmonary insufficiency and pulmonary secondary infection
All animals, both in cases resulting in mortalities as well as
those surviving for 14 days should be autopsied with particu-
lar attention being piven to the incidence of lung necrosis
and edema.

(b) Percutaneous route:

Specialized integuments such as the corneal surface or com-
junctival sac of the eye should be challenged with the lethal
substapce. Water-soluble Houids or solids should be dissolved
in a saline solution and instilled as a 5 ul drop into the con-
junctival sac or as a 1 ul drop on the corneal surface of the
eye of a rabbit. Non-water-soluble subsiances may be dis-
solved in propylene glyco! or suspended in 0.9 per cent saline
containing 0.5 per cent methylceliulose. The animals should
be closely observed for time to onset of symptoms and death,
and surviving animals should be retained for 14 days at the
end of which they should be examined for ocular patholopical
effects.

Chemical liguid substances, classified as highly or extremely
toxic by previous animal tests, may be further tested for their
percutaneous lethal potential om intact normal skin. In this
case clipped rabbits and clipped swine can be contaminated on
the skin of their back with 200 micron free-failing drops of
the pure liquid chemical. The animals would be restrained for
a period of two hours after treatment and then released for an
additional 14 day observation period. Close observation of the
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contaminated area would be carried out for the formation of
chemically induced Iesions.

Thus far, we have outlined briefly test procedures for de-
termining the lethal potency of a chemical substance with
particular attention to its application as a lethal chemical
warfare agent. These procedures arc summargized graphically
in figere 2. The major problem that would arise after such
testing is the interprelation of the data in relationship to a
chemical arms control agreement.

Relationship of Izthality testing to chemical arms control

The objective of the lethality testing is to assess guaniita-
tively the relative potency of a substance in terms of its LDy,
or LCt,, and relate these to a chemical arms control agree-
ment. These derived lethality indices can contribute to a
chemical arms control agreement in a2 number of ways. They
not only provide a means of categorizing toxic chemical
substances but also they can be used to define this categori-
zation. If the situation arises that a specific chemical is being
produced or used in apparent coniravention of the terms of
a chemical control agreement, its lethal potency can be estab-
lished according to "the procedures outlined, and then its
derived index compared to a “cut-off” level defined by a tox-
icity criterion of the agreement. This information will con-
tribute to the interpretation of the situation being investi-
pated.

The Japanese representatives to the Conference of the Com-
nittee on Disarmament have suggested (CCD/301) that a
chernical substance with a lethal dose less than 0.5 mg/kg be
considered for control. We would agree with this “cut-off™
point for intrinsic toxicity. Such a level will not however con-
irol the less lethal potential chemicals of warfare and in this
paper, as stated before, we assume that such chemicals would
be defined by other criteriz of the agreement.

The problem will arise that some chemicals because of their
biph intrinsic toxicity could be considered for contro! when
in fact they meed not necessarily be practical chemical war-
fare agents. 1t is for this reason that we have attempted to
emphasize the fact that the toxicity data must be interpreted
with relevance to the chemical’'s potential for meeting the
necessary characteristics of a chemical warfare agent.

Toxicity alone does not make a chemical substance a good
lethal agent of warfare. Other factors must be considered, for
instance, availability of raw materials to produce it, simplicity
of production, cost involved, storage stability, stability duoring
and after dissemination, ease and efficiency of dissemination.
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Failure to meet a number of these factors could prevent a
highly toxic substance becoming a chemical warfare agent.

It will be necessary to defire toxicity test procedures in
more detail than discussed herein. This can best be done by
a panel of toxicologists and for the sake of brevity we have
tried to limit the armount of detail presented. The United
States in their paper have sugpested that a consultative body
of experts be set up to co-ordinate and interpret such work.
Scientific investigations could provide estimates of LDgy's and
LCtyy's according to procedures such as have been outlined,
but it wonld be the responsibility of the consultant experts to
interpret the results in relationship to the control apreement.

Conclusions

(1} Procedures for estimating the letha] toxicity of a chemi-
cal substance have been outlined with emphasis being placed
upon assessing the potential of such substances for chemical
warfara.

(2) II a toxicity (lethality) criterion is to be included in a
chemical arms control agreement we would recommend the
following points;

{2} Control of chemical substances (considersd as lethal
chemical warfare agents) which have an LDge>1 mg/kg can-
not be based upon toxicity alone.

(b) Those with ar LD, greater than 0.5 but less than
L0 mg/kp should be considered as potential lethal chemicals
of warfare but it would be necessary to assess their prac-
ticability as chemical warfare agents. This would depend, to
a large degree, upon the substance's physico-chemical proper-
tics. Means other than a toxicity criterion would ba necessary
to define controls for such chemicals.

{c) Chemical substances which have an ILDg< 0.5 mp/kg
should be controlled and a feasible approach to this control
within a chemical arms agreement would be a toxicity cri-
terion.

31.

United Siates of Americn: a review of cnrrent progress
and problems in seismic verification

[CCD/388 of 24 dugust 1972]
[Qriginal: English]

INTRODUCTION

The scope of the ongoing United States program, Project
VELA, devoted to research into seismic verification of an
underground iest ban has been previously reported to the
Conference in a working paper of June 1971, CCD/330.113
The present paper reviews the progress towards attaining the
research objectives outlined at that time, and discusses certain
residual problems presently preventing seismic verification
down to low magnitudes. It also outlines some directions that
are currently being pursoed in seismic instrumentation, seismic
systemns, and deployments to assist in the solution of these
problems.

I. RECENT PROGRESS IN SEISMIC VERIFICATION RESEARCH

The United States Large Array Program is now halfway
through its two-year evaluation programme. Available data
indicate the capability of these arrays as research tools and
their potentisl for seismic monitoring systems. In the com-
panion Very-Long-Period Experiment, seven stations have been
in operation during the past year and three others are nearing
completion. The results of this experiment indicate the value
of careful emplacement of instruments to ensure that the
residual noise is in fact earth noise and pose some interesling
gquestions as to the emplacement and seismometer bandwidth
of foture installations. This section is a review of progress to
date in these programmes and indications for future research.

118 Official Records of the Disarmament Commission,

Sup-
plement for 1971, document DC/234, annex C, sect. 12, ?
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Signal detection capabilities of large arrays

Research has continued on the detection capabilities of the
three large seismic arrays developed under the United States
tesearch programmes. These are the Large Aperture Seismic
Array (LASA) in Montana, the large Research Array in Nor-
way {(NORSAR), and the Alaskan Long-Period Array
{ALPA). Duripg the past year, two significant developments
have occurred. First, there has been an important improvement
in the technigues for automatically detecting events at 1.ASA,
bringing the automatic seismic event detection threshold close
to the limit for this array. Secondly, high-quality data from
the full NORSAR array have provided a means o estimate
the ultimate P-wave detection threshold for that array and
the development of aulomatic detection methods is now well
under way. Turning to the long-period arrays, sufficient data
have pow been obtained to estimate their detection thresholds
for seismic events. Summaries of both short-period and long-
period detection thresholds are described below, High-quality
data from all three arrays have become available for the
initial studies of capabilities and limitations of identification
criteria at low magnitude.

Capability to detect short-period P-waves

P-wave detection thresholds of short-period arrays are ulii-
mately limited by:

(a) The amplitude and variability of the ambient noise
which exists in the earth at the detection site.

{b) The improvement in effective signal-to-noise ratio which
can be achieved by combining the outputs of all the sensors
of the array, and

(¢} The reducton in amplitude of seismic signals of im-
terest caused by filtering and combining signals from the
array's sensors. These parameters are measurable, and may be
used to determine the ultimate threskold of an array. The
first two parameters, measured in the frequency band of the
P-wave signals of interest, define the irreducible moise at the
output of the array, and hence the amplitude of the minimum
detectable P-wave signal. The third parameter is then used io
define the P-wave earth motion input required to produce the
minimnm detectable signal at the array ouiput, This earth
motion may then be interpreted in terms of carthquake mag-
nitude.

The Hmiting threshold for TASA has been ecstablished for
several years, and reported in several publications of Lincoln
Laboratoryll4 and the Seismic Data Laboratory.115 These
studies indicate that the ultimate feleseismic detection thresh-
old of the LASA array is about my, 3.9 {LASA magnitude) at the
90 per cent confidence level. Based on recently acquired data
from NORSAR, we may now estimate that the eltimate tele-
seismic detection threshold is about 4.1 (NORSAR magni-
tude} for that station at the 90 per cent confidence level. Da-
tails of these estimates are given in table 1.

Developing the capability 1o approach these ultimate de-
tection thresholds by automatic means has been one of the
goals of the United States seismic research programme. It
was reported in document CCD/330 to the Conference of the
Comtmittee on Disarmament that equipment for automatic
event detection had achieved a threshold my, == 4.2 at the 50
per cent confidence level for LASA. Since then, improvements
in the computer logic for recogaizing earthquake signals have
lowered this threshold to m, = 3.9.

This threshold was verified by counting the number of
earthquakes detected in small magnitude increments and ob-
serving the magnitude level at which the number of detected
events no lopger increase as expected. Figure 1 shows the

134 See R. M. Sheppard, Ir., “Deteymination of TASA Detec-
tion and Location Ability Using Kurile Island Events”, Techni-
cal Note 1968-23, 1 October 1968, Lincoln Laboratory, Massa-
chusetts Institute of Techoology.

118 See E. F. Chiburis and R. A. Hartenberger, “Signal-to-
Noise Ratio Improvement by Time-Shifting and Summing L.ASA
Seismograms”, S.D.L. 164, 30 September 1966, Teledyne
Geotech, Alexandria, Virginia.
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Table I

ULIIMATE SHORF-PERIOD THRESHOLDS FOR LASA aND NORSAR Basep
ON MEASURED EARTH NOJISE AND OBSERVED SIGNAL LOSSES

LASA NORSAR
{345 sensors) (132 sensors)
Earth noise input, single sensor ... .. ... .. .. ... ... R 26mp (rms)* 4.5mg (rms)
80 per cent probability that input noise in the 0.4-3 Hz passband will
be equal 10 or less than this amplitude
Array noise output, optimum real time processing .. e 0.3mp (rms) 0.45mu {rms)
50 per cent probability that array output noise i the 0.4-3 Hz passband
will be equal io or less than this amplitude
Minimum detectable signal on array ontput 90 per cent confidence 0.8mp(o-p)y** 1.35mge (o-p)
3 X rms of 90 per cent array output noise
Minimum detectable input signal, 90 per cent confidence . . 1.3mu (o-p) 1.9mu (0-p)
Input signal required to produce minimum detectable outpnt signal at
50 per cent confidence in presence of array output noise. Based on 3 db
loss cansed by fitering and intersensor incoherence
Teleseismic detection threshold, 90 per cent confidence my, = 3.9 m, = 4.1

Average teleseismic magnitude (30°-80°) derived from mimmum ée-

tectable input signal, based on m = 3.8 4 log A/T

*rms = root mean square, .707 X maximnm amplitude

** o-p = peak amplitude measured from the base or zero line

30 40 50 GO

SAAC/LASA magnitude
Figure 1
Number of detected events versus LASA body-wave magnitudes

incremental histograms of 4,884 seismic events automatically
detected by LASA at distances between 30° and 85°. The
body-wave magnitudes are those determined directly by LASA,
which apree closely with magnitndes reported by the United
States National Oceanic and Atmospheric Administration, The
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general trend of increasing numbers of events detected as the
magnitude decreases continues from magnitude 6 down to
magnitude 4. The rate of increase drops sharply just below
magnitude 4 as increasing pumbers of earthquakes which are
known from other evidence to occor are no longer detected
by LASA. The incremental histogram implies that 90 per cent
of the expected mumber of m, = 3.9 earthquakes are de-
tected, confirming that this is the enrrent threshold for auto-
matic event datection at LASA.

Automatic event detection methods at NORSAR have not
yet been fully developed to take advantage of signal and poise
characteristics at that site, Accordingly, the lowest possible
automalic event detection threshold at that station has mot
yet been achieved. Preliminary datz similar to that given for
LASA in figure 1 suggest that the current amtomatic event
detection threshold of NORSAR is near my, = 4.4 (50 per
cent incremental). Although NORSAR's ultimate short-period
threshold will not guite equal that of LASA, its lonp-period
characteristics are egually as good, Furthermore, NORSAR
and LASA are now providing crucial data needed for research
on events in regions of common coverage.

Capability 1o detect long-period waves

An intial evaluation of the long-period detection capabili-
ties of NORSAR, LASA and ALPA has recently been com-
pleted. The earthquake source region chosen for the study
was the Kurile-Kamchatka area which is about 60° from
NORSAR and LASA and 30° from ALPA. The processing
used was filtering and beam-forming of vertical seismometers
augmented by matched filtering when required. It appears
that this is very close to optimum processing for those arrays.
A preliminary estimate of the 90 per cemt imcremental detec-
tion thresholds for Rayleigh waves, in the absence of inter-
fering events (which are discussed separately later), were de-
termined to be M, = 3.0 for NORSAR, 3.1 for LASA, and
2.6 for ALPA. These values were obtained from histoprams
of numbers of earthquakes versus magnitude iz a manner
similar 1o that discussed previously for short-period detaction
thresholds. A simple correction to normalize these magaitude
values to a common distance indicates that all three arrays can
detect surface waves down to a magnitude of M, 2.5-2.6 at
30°. Further data may modify these estimafes.

To determine the utility of the large Jong-period arrays for
the discrimination problem, it is also necessary to know the
threshold of these arrays in terms of body-wave magnitude.
That Is, for an event of given m, we want to know the proba-
bility of detecting Rayleigh waves to be used in criteria such




as that based upon M, :m,. The correlation of body-wave
and surface-wave magnitude is complicated by the fact that
surface-wave magnitudes are dependent vpon the depth of the
seismic event and a determination of the depth of focus is
important to this correlation. We are currently investipating
this problem, particularly in a comprehensive study of world-
wide data (see sect. ITI below), with a view to defining the
body-wave magnitude of shallow focus earthguakes corre-
sponding to the surface-wave magnitude thresholds of the large
arrays for various seismic areas of the world.

Very-Long-Period Experiment

The Very-Lomg-Period Experiment has two principal ob-
jectives. The first is to demonstrate that high-gain instroments
capn be installed such that their performance is limited only
by earth noise and to demonstrate that careful siting of the
instruments can markedly reduce the amount of earth noise,
The second is to exploit the fact that the instrument response
was designed to be at a maximum where the earth noise level
is at a minimum between 30 and 50 seconds (fgure 2). It
was anticipated that this favorable “window" for viewing
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The three-component, vertical, North-South, and Fast-West noisa spectra at Opdens-
burg, New Jersey, compared with the vertical component instrument response curve

surface waves from earthquakes and explosions would reveal
new characteristics that might supplement our previous ex-
perience at periods in the vicipity of 20 seconds. Of particu-

lar importance was the hypothesis that there might be a greater
separation of the earthquake and explosion population on the
M, : my, plot than exists at 20 seconds.

Table 2
STATION LOCATIONS, GEOLOGIC SETTINGS
Elevation Depth of ouver.
Station Latitude Longitude {m) Bedrock burden {m)}
Fairbanks
(Alaska) 64°53'N 148°00"W 330 Precambrian Birch 20
Creek schist
Charters Towers
{Australia) . 20705'8 146°15'E 357 Devonian Ravenswood 30
granodiotite
Eilat
(Israel) . 28°33'N 34°5TE 200 Precambrian 200
granite-porphyry
Ogdensburg
(New Jersey) 41°04'N 74°3TW —373 Franklin limestone 543
Chiang Mai
(Thailand) 18°47TN 98°58'E 416 Triassic granite 0
Toledo
(Spain) . 39°51'N 4°00'8 465 Precambrian granite 20
Konigsburg
{(Norway) .. 59°38'N 9°35'E 216 Precambrian cystalline- 340
like slate and pranite

g6




Seven stations bave been used extensively in recent studies.
The seven existing stations are lsted in table 2, together with
their peological settings. The base noise levels for the vertical,
North-South, and East-West horizontal components at 20 sec-
onds and 40 seconds with a passband of 0.013 Hz are shown
in table 3. During particularly noisy periods, however, the noise
levels can be an order of magnitude grealer than the hase
Ievels at 20 seconds due {o microseistnic storms. Base levels,
therefore, represent the guietest conditions at the stations re-
corded to date. The locations of the stations and their 30°
area of coverage are shown in figure 3.

The results indicate that careful design of seismometer, in-
strument container, and vault has resulted in an instrument
which is sufficiently insulated from the environment that we
can have confidence that it is recording only ground move-
ment. This is an imporiant achievement because full utiliza-
tion has been made of the instrument gpin, as rmuch ag
100,000, at periods of 35 to 40 seconds. The equivalent earth.
quake m,, detection capability of the first four stations built
for various seismic aress of the world is shown in figure 4.
This figure indicates that these four stations give an m,, 4.3-4.4
in the Kurile-Kamchatka repion and an m, 4.5 or less capa-
bility in most areas investigated. An enhanced capability couid
be achieved by more stations, possibly as small arrays, and by
dipital data processing.

‘The stability of the noise level at 40 seconds is apparently
greater than that at 20 seconds. This stems from the origin of
the noise components at two periods, that at 20 seconds being
from microseisms and that at 40 seconds from local at-
mospheric perturbations. At depth these different origins might
have preater significance than at the surface since the micro-
seisms do not decrease significantly with depth but the
atmospheric-induced component does, particularly with respect
to the horizontal signals due to earth tilt. These horizontal
components are especially important for the detection of
Tove waves.

Based om results from a large number of earthquakes and a
relatively small number of explosions it appears that no in-
crease in the averape separation between earthgnakes and
presumed explosions will be obtained by using M_{40) : m,
instead of M_(20) : m, although the spread in M,(40) values

at a piven m, appears to be less. Azimuthally-dependent spec-
tral criteria have still to be investizated in detail. By the
utilization of deep boreholes advaniape might possibly be
taken of the suppression of atmospheric-induced nofse with
depth. This is an approach which will be pursued further,
Analysis of data obtained under the Very-Long-Period Experi-
ment programme has supported the concept of the general
utility of the M, : my criterion to earthquakes, always keeping
in mind the existence of anomalons events. We have seen
that the capabilities attained at the prototype station are nt-
tainable at other sites. We are only now atfaining the fech-
nical capability to analyse fully and effectively the Very-Long-
Period Experiment data.

IT. JIMPORTANT REMAINING PROBLEMS

Some detailed studies over the past year have attempted to
provide quantitative information on several problems which
were discussed previously but for which no precise data
have been available. For instance, it was suggested in the
United States working paper last year that the M, !m, cri-
terion for seismic discrimination might fail occasionally, for
reasons unknown. Such evenis, sometimes referred to as
false alarms, appear in the explosion population on the
M, : m, plot. Another question unanswered previously was
the extent and severity of the mixed event problem at low
magnitedes, This phenomenon has beem jmvestigated further
and is reported in this section. Finally, of continuing concern
is the possibility of evasion. The current United States re-
search into possible clandestine testing techniques and research
into ways of deterring stch testing is reviewed briefly.

Anomalous events

A number of effective discriminant criteria may be success-
fully employed for distinguishing between signals from earth-
quakes and explosions. One of those in extemsive use is a
comparison of amplitudes of long-period surface waves and
amplitudes of short-pericd body waves; that is, the so-called
M, : my, criterion, It js intended to be applied to shallow focus
{depth less than 60 kilometres) events. It has been found
that in mose cases such earthquakes have much higher M,
values for @ given mm, value than do explosions,

Table 3

RMS BASE NOJISE LEVELS AT 20~ AND 40-5ECOND PERIOD
write 0.013 Hz BAND WIDTH AT BOTH PERIODS

(At least 8-hour samples)

20 Seconds §0 Scconds
North- Eagst- North- East-
Station Fertical sauth west Vertical south west
Fairbanks
Alaska (Unpited States of
America) ....cinerenn. o 5 3 7.3 7 7
Charters Towers
{Australia) 4.6 35 52 3.6 11* 11
Eilat
(Istzel} ........000nnus .e 3 bk 3.2 2 Hik 3
Ogdensburg
New Jersey (United States
of America) .. ... ..., 8 8.6 8 2 7 7
Chiang Mai
{(Thailand) .........cnuan i0 10 10 31 12 12
Foledo
{Spain) ... ... . cn.. - 4.3 43 13 3.7 11.5 16
Konigsberg
(Norway) . .ovecnnrnan- 3.6 4 4.5 16 3 2.7

90 per cent Confidence Level, 2.2 db Spread

* Daytime average level—night-time level i5 3.6 m,,.

** Instrument malfunction.,
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Figure 3

The distribution of the Very-Long-Period Experiment sites and their 30° coverage area.
World seismicity during 1961-1969 is also shown
88
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For reasons not thoroughly understood at this time, some
earthquakes are inefficient penerators of Rayleigh waves.
These events, most of which appear to be of shallow focus
on the basis of the Preliminary Determination of Epicenters
by NOAA, pive surface-wave magnitudes that are so Jow
that they are statistically indistinguishable from explosions
by the M,:m, criterion. Aithough these events occur oc-
casionally at magnitudes slightly above my, 5, their numbers
increase substantially at low magnitudes; this is larpely be-
cause there are more seisinic events at low magnitude,

To document this phenomenon, a study was made of
M, : m,, characteristics of earthquakes in a region comprising
the eastern Himalayas and parts of Assam and Tibet. This

region was chosen because there had beem previous indica-
tions that anomalous Rayleigh wave energy was associated
with some seismic sources in the area.

Fifty-three earthquakes occurriog between 1963 and 1970
within the repion bounded by lattitudes 27°N and 34°N and
lonpitudes 92°E and 100°E, were selected for study. Epicen-
tral characteristics are listed in table 4. Stations whose data
contributed to the analysis were Shillong, Poona, and New
Delhi, India; Kabul, Afphanistan; Quetts and Lahore, Pakistan;
and Chiang Mazai, Thailand. It was decided not to obtain
Rayleigh wave data from more distant statiops although the
proximity to the seismic zone of the statiops used covld
introduce some bias. All individual station magnitudes were

Table 4

LIST OF EVENTS

Co-prdinates

Date - North st Depth
Meo. Day Yr. %1’1’112: Latttz:m‘fc Lan;i-;ude Km M, M Gmﬁ;{;ﬁim'
07 05 63 719 158 27.7 92.1 * 4.2 3.90 Assam, India
10 08 63 251 60 286 95.1 24 5.4 433 Assam, India
11 16 63 11 35 37.8 28.1 951 37 4.7 383 Assam, India
01 07 64 4 50 37.0 25.8 98.7 46 5.0 4.38 Eastern Tibet
01 27 64 5 29 27.0 292 97.2 * 4.9 3.87 Southern Tibet
04 30 65 7 13 23.1 283 96.0 * 44 3.96 India-China Border
06 04 65 15 56 56.0 3Ly 95.2 . 50 e T
07 31 65 16 36 53.8 32.7 93.2 * 4.0 427 Tibet
07 31 65 15 1 9.4 32.8 93.0 * 4.4 440 Tibet
07 31 65 21 44 47.8 327 93.1 21 4.9 4.60 Tibet
08 01 65 14 14 17 32.6 93.6 * 3.5 3.94 Tibet
08 01 65 20 9179 32.6 93.3 32 53 478 Tibet
08 02 65 17 49 47.0 32.8 93.3 * 4.8 4.35 Tibet
10 06 65 8 3 32 252 86.1 27 5.4 4.10 India-China Border
12 09 65 20 26 4.0 27.5 92.5 22 5.3 4.47 India-China Border
01 31 66 235 58 27.9 99.6 . 56 487 Yunnan Prov. Ohina
03 14 66 4 42 500 324 97.4 * 4.9 4.46 Tibet
05 27 66 14 35 50 27.4 96.5 51 48 434 Burma-India Border
09 11 66 15 55 200 27.0 95.8 37 5.0 3.77 Burma-India Border
09 26 66 510 58.1 27.5 92.6 * 5.6 5.26 India-China Border
0% 26 66 6 3 48.0 27.6 92.7 * 4.2 3.59 India-China Border
03 11 67 16 56 48.7 284 94.4 7 53 4.69 India-China Border
03 14 67 6 58 46 28.4 94.3 24 59 5.54 India-China Border
07 07 67 22 56 30.8 27.8 922 * 49 371 Tndia-China Border
08 15 67 921 23 31.1 83.7 * 5.7 507 Tibet
02 16 68 5 37 542 33.7 95.1 * 4.8 4.51 Tsinghai Province, China
06 28 68 20 34 553 30.1 95.1 44 48 3.58 Tibet
06 30 68 5 4100 30.2 54.8 42 4.8 3.40 Tibet
07 01 68 311 10,0 30.3 94.5 28 4.3 3.00 Tibet
07 04 68 6 45 580 30.3 94.9 + 4.7 3.46 Tibet
07 13 68 6 5542 30.3 94.6 » 5.0 3.46 Tibet
07 14 68 18 12 410 30.3 94.8 22 4.9 3.54 Tibet
067 15 68 59 59 30.3 95.0 22 4.8 3.39 Tibet
07 16 68 22 23 7.0 303 94.8 40 4.8 345 Tibet
07 23 68 20 51 47.9 303 94.9 30 4.9 3.43 Tibet
07 26 68 12 44 30 294 95.0 * 4.9 345 India-China Border
08 23 68 12 1165 303 949 . 4.8 3.46 Tibet
08 24 68 14 26 7.4 300 95.1 56 4.6 3.35 Tibet
08 25 68 17 55 53 304 94.8 19 4.8 328 Fibet
08 29 68 19 51 24.6 302 95.1 . 50 348 T
09 01 68 559 266 303 94.8 20 5.0 3.59 Tibet
09 03 &8 17 45 54.1 302 94.8 53 4.9 3.43 Tibet
09 04 68 140 40 33.5 97,5 x 43 405 Tt el Proviacs, China
09 11 68 3 7320 30.3 94.9 38 43 3.52 Tibet
08 15 69 7 15 37.0 302 95.0 * 52 a7 Tt
11 24 69 21 83 30.6 98.9 12 4.6 4.00 Tibet
0z 08 70 19 7 300 311 93.5 * 4.5 405 Tibet
05 08 70 11 8 84 328 95.2 35 45 3.55 Tibet
06 24 70 043 19 28.9 856 * 4.8 453 Indiz-China Border

* Depth constrained to 33 km,
#* Claleulated according to the formula of Marshall and
Basham {1971) including depth correction. For those events

with constrained depths, the depth correction was applied as
if they were at 33 km.




pormalized to the mean values from the network on large
events to minimize possibilities of blas when signals were
detected at only a few stations.

Surface-wave mapnitudes were computed by three methods,
using the Prague, Marshall and Basham, asd von Seggern
formulae with only slipght differences in the results. The data
presented in this paper are based solely on the method of

Marshall and Basham (including depth corrections) since this
technique is gainiag wide acceptance.

The plot of M 1 m,, is given in figure 5 for all events whose
depth is estimated to be less than 60 km. The shaded area
encloses all explosion data for Central Asiz (Eastern Kazakh-
stan and Sizkiang) shown by Marshall and Basham.116
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The m, values are from NOAA. The M, values are calculated according
to the Marshall and Basham method with depth corrections included.
Earthquakes have calenlated depths 60 km or less or have had depth con-
strained 1o 33 km. Stippled area contains Marshall and Basham's obser-
vations of explosions in eastern Kazakh and Sinkiang.

The M, : m plane in figure 5 is divided into three paris
by the lines
M, = my—1.0
g = m—L1.5
It will be observed that the M, and m,, values of the Mar-
shall and Basham explosion population lic below the line
M, = my,—1L5. It should be understood that the points which
are plotted are subject to normal statistical error. Accordiagly,
an event with mean M, and m, values which plots somewhat
above the explosion zome may, mevertheless, be statistically
indistinguishable from an explosion by this criterion. Region 1,
above M, = my~1, can be safely characterized as containing
only earthguakes. It is clear from figure 5 that the values of
M,:m, for pumerous earthguakes in this area below about
my 5.0 capnot be distinguished with confidence from ex-
plosions, The conclusion of this study is that for events of
this area, the M, :m, criterion by Iiself is not a positive

16 P, D, Marshall and P. W. Basham, “Discrimination be-
tween Earthquakes and Underground Explosions Using an km-
proved M, Scale”, Geophysical Journal, Royal Astronomical
Society, 1972.
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identifier of explosions smaller than m, 5.0, although it should
be pointed out that an event as high as m, 5.5 was observed
to Le within the explosion population. While the examples of
anomalous events given here are derived from a particular
region, such events have been noted om some occasions 10
occur in some other regions as well 117

The cause and geographical distribution of anomalous earth-
guakes are an important field of research because they may as-
sist in defining the extent of the problem. Figure 6 shows each
event plotted and symbolized to indicate 1o which of the three
populations in figure 5 it belongs. A striking feature of the dis-
tribution is the concentration of explosiondike M, :m,, values
centred at about 30°N and 95°E. Futhermore, the events in
question occurred mainly in one sequence which occurred
from June to September 1968. Two other clear regions char-
acterized by low M, values relative to m, values can be dis-

117 See T. Landers, “Some Interesting Central Asian Events
on the M_ : m, Diagram”, Seismic Discrimination Semi-Annual
Technical Summary Report to the Advanced Research Projects
Agency, 30 June 1972, Lincoln Laboratory, Massachusetts Insti-
tute of Technology.
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Geographical distribution of various M,—-m, types.
M —m, values were corrected for mean station magnitude
differences prior to averaging. Marshall and Basham's
method was used in the M, calculations

tinpuished. One is the frontal region of the Himalayas, also
described by Marshall and Basham, which shows such anoma-
lous events intermingled with normal ecarthquakes. The other
occupies the eastern end of Assam and the north-south trend-
ing mountain ranges which join the Himalayas and extend south
toward Burma. The observed magnitude characteristics would
thus appear to correlate with geological features.

Perhaps continwing research will permit us to understand
the causative mechanisms of such events and place limits
on where they may occur in the future, The importance of
other criteria for achieving proper classification of apomatous
events is clearly indicated. Perhaps the most promising of those
vnder development for events of my 5 and smaller involves
the determination of focal depth with greater accuracy and
more confidence than has heretofore been possible. These
methods are basically refinements of the classical ones which
use surface reflections, calibrated travel times of P waves and
calibrated travel times of other phases (especially S where
suitable stations exist or can be established within a few de-
grees of the source}. Research on these and other methods
may hopefully find a variety of solutions fo the problem posed
by events which are inefficient generators of surface waves.

Interfering long-period signals or mixed events

Because of their relatively long time duration, a number
of surface-wave trains from different seismic events will over-
lap. In some cases the resulting interference will be so severe
as to make any extraction of useful information relating to
the later arrival impossible. In other cases, and with certain
techniques, the problem Is more tractable and allows the inter-
fering wave traing to be separated. It should be pointed out
that many earthguakes with mixed surface waves can be
identified as earthquakes by a variety of other techniques,
among which are establishing depth of focus and location by
use of short-period data, -

There are three distinct circumstances in which interference
may occur, each causing different degrees of difficulty in
effecting separation of the component events. The first is when
signals from two events of approximately the same mapgnifude
from different locations arrive simultaneonsly at a seismic
station. The second is when sigeals originate from two dis-

crete but nearly co-located events having roughly the same
origin time, and the third is when a small event is mixed in
the coda of a much larger earthquake,

As an illustration of the extent of the problem, table 5
shows the percemtage of mixed events at six single stations
providing datn for the Very-Long-Period Experiment. Ex-
pected signal arrival times at the stations for Eurasian events
were calculated from origin times and locations given by a
combined list of NOAA (including the World-Wide Standard
Seismological Network (WWSSN)), LASA, and NORSAR
epicentres. The data were collected between 1 Yanuary 1972 and
20 February 1972. A total of 155 signal sources within Bur-
asia are the data base for the study. On the averape, about
16 per cent of the total possible single station observations
showed interfering signals. An interfering signal in this con-
text is taken to be one which, from visual inspection of actual
seismic records, lies within the wave train of an event pre-
ceding it in time on the record to such an extent that no
reliable information on amplitude or spectral content may be
obtained from the combined waveform. Proximity to seismic
areas causes some variation in this percentage. For example,
Chiang Mai and Charters Towers both had a higher than aver-
age pumber of mixed events,

Table 5

PERCENTAGE OF MIXED EVENTS AT
SINGLE STATIONS OF
THE VERY-LONG-PERIOD EXPERIMENT

Numbeor of cvents

recorded during Percent mived

stydy ot single stalion

Charters Towers o 154 i9
(Australia)

Fairbanks, Alaska .. 133% 14
{United States)

Konigsberg . S 154 i4
(Norway)

Ogdensberg, New Jersey 154 16
(United States)

Toledo o . 133» 12
(Spain}

Chiang Mai . . TT* 22
{Thailand)

* In operation during only part of the period of the study,

The effect of 2 group of Very-lonpg-Period Experiment sta-
tions acting as a network is shown in table 6. Since all the
stations were not operable over the entire period of the study,
results are given when four, five or six of the stations were
taken together as a network.

The tabuiation shows that only in 92 out of 155 events was
there no interference at all, but that the number of mixed events
for which signals were obscured at all stations of the network
was reduced as the number of stations in the detecting network
was increased. Distribution of the totally mixed events as a
function of maggmitude was as follows:

Table 7
Magrnitude mb<¢-.0 mb«f.o to 5.0 mh>50

Number of evenis for

which all stations in

network recorded

mixed signsls . | ... 3 3 2
Number of events

in population . ... .. . 4l 99 15




Yable 6

SUMMARY OF INTERFERING (OR MIXED) EVENT OBSERYATIONS
FOR SELECTED VLPE NETWORES

Number Number of
of doys cuenls

Network operationsl analysed

.Em:r:t: Number of cvents mized af:
Ho

mizcd 1 2 3 4 5 6 Stotion:

Charters Towers 3
(Australia)

Fairbanks, Alaska
(United States) o 5 44

Ogpdensburg, New Jersey
{United States)

Konigsberg, Norway J

Charters Towers
{Australia)
Fairbanks, Alaska
(United States)
Qgdensburg, New Jersey
{United States)
Konipsberg, Norway
Toledo, Spain J

Charters Towers )
(Australia)
Fairbanks, Alaska
(United States)
Qgdensburg, New Jersey
{United States)
Konigsberg, Norway
Toledo, Spain
Chiang Mai
(Thailand) J

- 27 70

v

25 41

26 18 11 7 4

48 22 12 9 7 1

i8 23 11 9 6 4 3

The largest of eight mixed events noted above oceurred simul-
taneously with an my 5.0 event some 600-700 km away, 50
that the arrival times of the two were mearly the same at all
stations. The sipnals from three intermediate magnitude events
were mixed with large signals from my>5.5 cevents not oc-
curring within Eurasia. Sigpals from the three low magnitude
gvents were masked by either the signal or the coda from
events outside Burasia of magnpitudes greater than my, 4.5.

The above discussion centred upon the reduction of the
mixed event population by the use of a geopraphically dis-
tributed network. Beam-forming capabilities of an array can
also be used as an effective means of separating mixed events.
In particular, the frequency-wave number analysis technique
has proved most effective.

Frequency-wave number (fX) analysis is fundamentally
beam-forming in the frequency domain. The method takes
advantage of the fact that signal-to-noise ratio is frequency
dependent; therefore, heam-forming is performed frequency by
frequency. Since frequency-domain array analysis procedures
are computationally faster than their time-domain equivalents,
many beams can be examined rapidly. In practice this means
that the azimuth and velocity of a signal need not be as-
sumed; one merely accepts the beam with the maximum power.
The position of this maximum in the wave number domain
defines the azimuth and velocity of the sigmal, its amplitude
teing a function of ground motion amplitude and hence re-
lated to the seismic magnitude. A typical representation of a
wavenumber spectrum at a period of 18.3 seconds is shown
in figure 7 (A). A larpe coherent signal from the north-sast
causes n power peak in the wavenumber plane at a point cor-
responding to its azimuth and velocity, the velocity being in-
versely proportional to the distance from the origin of the
wavenumber co-ordinates. The same wavenumber spectrum is
shown in relief in figure 7 (B).

The capability of f-k analysis to separate inmterfering sig-
nals is illustrated by comparing figures 7 and 8. In figures
7 (A) and 7 (B), a suspected small signal coming from the
south is completely dominated by the large signal. However, the
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_f-k technique allows us to remove the main peak along with
its associated sidelobe and, thereby, bring out the smaller
signal as shown ia figures 8 (A) and 8 (B). The analysis is,
of course, done entirely by the computer and these ilinstra-
tions merely give a visual representation of the results of the
data processing.

'I:ha fechnique will allow the measurement of the magpitude
of interfering events provided that the signals are less than
a selgmic magnitude apart in energy and the azimuthal separa-
tion is greater than 20°. Since the analysis is done in the fre-
quency domain, in principle the spectral content can be pre-
served and spectral discriminants still utilized, In practice,
however, some degradation of spectral information will prob-
ably occur. This is a subject of current research.

The utility of the £k analysis technigue for the separation
of mixed events was tested in two recent studies. In the first,
copducted from 1 May 1971 to 23 January 1972, sigoals from
earthquake sources in the Kurile Islands were recorded at
LASA (77 events) and NORSAR (74 events). In the sec-
ond, 94 events were recorded at LASA, NORSAR, and ALPA
from 20 February 1972 to 1 March 1972. The number of
events mixed before f-k processing was applied, and after it
bad been applied, are shown for each array in table B. Also
shown is the effective reduction by the use of more than one
array as a network in a similar fashion to the Very-Long-
Period I'Sxperimeut study. Array processing brings the mixed event
pgpu}atx.on down to about 20 per cent and f-k analysis tech-
niques improve the situation to just below 10 per cent. The
use of multiple arrays redoces the number still further to about
6 per cent. The residual mixed eveats are doe to nearby co-
located events or very large events with long codas.

The problem of a small seismic event being mixed in the
coda of a very large earthquake might be alleviated by the
use of a network of high sensitivity broadband instruments
close {o the seismic zones. While the coda energy from =z large
earthguake tends to be omni-directional, it also tends to be
concentrated at periods of 18-20 seconds and longer. By con-
trast, the signals from a nearby event tend to still retain shorter
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—0.021 i 0.021 Wavenumber plane at 18.3 sec.
Alpa 4 Oct, 1971 10 37 48.0-10 42 3.0 GMT

Tigure 7

Frequency wavenumber representation of two inferfering signals. The wavenumber plane
is shown on the left and a relief version is shown on the right

(A} (B}

Stmall signal

Wavenumber plane at 18.3 sec.
Alpa 4 Oct. 1971 10 37 48.0 -~ 10 42 3.0 GMT (After stripping)

Figure 8

Case shown above with dominant signal removed thereby enhancing the small sippal. The
right-hand illustration is a relief version of the wavenumber plane shown on the left
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periods around the 12-14 second range. Broadband instrumen-
tation coupled with digital equipment, both to utilize the in-
herent dynamic range and to perform adaptive filtering, might
be wseful in separating signals in the frequency domain.

Some possibilities open up, therefore, for mitigating the
mixed event problem by a combination of small hiph-guality
long-period arrays for array processing separation and high

gain broadband instruments close 1o seismic zones. Although
it might be anticipated that this approach to a network will
reduce the residual long-pericd non-defections, it is conceded
that the separation of residual mixed events, particularly from
co-located or very large evenfs, remains a significant problem
whith may Impose a limitation on long-period seismic de-
tection in areas of interest for monitoring a test ban,

Table 8

THE EFFECT OF F-K SPACE ANALYSIS ON THE SEPARATION OF MIXED EVENTS IN TWO RECENT
STUDIES OF EVENTS IN THE KURILE ISLANDS AND EURASIA

Mizxed uwith
Mixed at a multiple arrays
single array after F-k analysis
Diiration Number
Region [ of evenés Before fk After -k 2
Study studied study siudied annlyses analysic arrays arroys
Using
NORSAR
and
LASA Kurile Islands 1 May 71 74 16 6 5 —
to
23 Jan 72 77 17 6
Using
ALPA,
NORSAR
LASA ... ..Eurasia 20 Feb 72 81 1% 10
to 95 18 g —_ 6
20 Mar 72 102 18 8
o Evasion “event” ay a multiple explosion using accepted diagnostic aids

There are inherent limitations to verification systems which
mean that nuclear testing at some level can be carried out
without seismic detection and identification. Recent work de-
scribed in the previous two sections highliphted some of these
problems, Even though further research may reduce the num-
ber of anomalous events, there are likely to be some events
each year whose source identity canmot be determined by
teleseismic means. We have also seen that there is always
likely to be some residuum of overlapping events whose sig-
vals interfere fo such an extent that they cannot be separated
and identified teleseismically. There may even be a few occa-
sions per year when the world's seismometers, both long-period
and short-period, may be rendered largely useless for verifi-
cation purposes by a very large earthquake. These inescapable
occurrences of matural phenomena continue to be a cause of
concern because they could conceivably offer a potential vio-
lator of a comprehensive test bap additiona! opportunities to
test without detection, let alope identification. It should be
pointed out that the extent to which clandestine testing might
be possible depends on the capability of the monitoring facili-
ties available.

Our programme of evasion research is oriented to under-
standing the potential techniques that could be used for clan-
destine testing in order to develop approaches that can im-
prove the deterrence apainst such testing. Most United States
research to date on this problem has focused om obtaining a
better understanding of seismic coupling, yield/magnitude re-
lationships as a function of rock type, and methods which
might be used to decouple seismic energy. We have also been
conducting theoretical studies concerned with the so-called
“multiple explosion™ technique. In our studies, the simulated
explosions are sequenced so that in the composite seismogram
the short-period body waves are reduced {depressing my) and
the long-period surface waves are reinforced (increasing M,).
The result is ap earthquake-like signal, both in peneral appear-
ance and in M, :m, ratio. Thus far, “identification” of the
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and discriminants has not been possible.

Another series of studies are under way to evaluate the like-
likood of detecting and identifying the seismic signal from an
explosion hidden in the signal from either a nearby earth.
quake or a distant large earthquake and its aftershocks. The
detection problem is, in effect, simliar to that already dis-
cussed for mixed events, and the present inability to separate
certain events makes this evasion technique a subject for
particular attention.

The emphasis of our current research is being directed to-
wards determining the capabilities and limitations of seismic
techniques that may be used to foil the earthquake-simulation
and hide-in-earthquake evasion technigue.

Table 9 summarizes current information on evasion poten-
tial. It sugpests estimated yield limHs for various evasion
techniques which are considered techrically feasible. Despite
kaown constraints on the tester, including yield limitations,
high cost, and the possibility of detection, we cannot be con-
fident that they will suffice to deter a potential evader. It
therefore scems important to improve the seistnlc means for
detecting such tests.

1T, FUTURE RESEARCH

The problems discussed in section Il suggest some promis-
ing avennes of further inquiry that should assist in their solu-
tion. For example, our inadequate data base for events of low
magnitude for many of the seismic areas of the world can be
rectified by the deployment of higher quality seismic stations
with higher gains in quiet sites. Additionally, as more low-
magnitude events become detectable, the problem of handling
more high-quality digital data will present a task of major
proportions in data processing and system management; Finally,
increased knowledge about cvasion technigues may suggest
ways to deter clandestine testing; countermeasures to evasion
should be actively purswed. This section secks to outline some



Table 9

LEstimated sield

Hmit to gvoid
Evasion technigues detection* Constraints on tester
Tamped shot in low
coupling media 1-%k% Low yields; relatively few areas of low coupling
media, most in uvndeveloped regions, evader
would probably test in seismic region.
Decoupling cavity 50kt Large volume of rock or salt required; long prep-
aration time; expensive.
Detonate following
nearby earthguake SO0kt Device must be pre-positioned; local earthquakes
must be about one seismic magnitude larger than
explosion; decision to test must be made very
quickly.
Detonate following large
distant earthquake 100 kt Device must be pre-positioned; evader would
probably have to test in seismic regions; 1 op-
portunity every 1-2 years to conduct several
simultaneous events in a series; decision to test
must be made quickly.
Multiple shot simulation
of earthquake signal . 100kt Requires multiple ecmplacement holes; evader

would have to fest in seismic regions. Requires
considerable testing experience.

* Estimates based on detection capabilities of stations remote from event.
** Conld be as high as 10 kt dependent upon the availability of sufficiently deep low

coupling media.

of the new approaches to research suggested by the unre-
solved problems in seismic verification.

A multi-national seismic co-operation study

At the present time we do not know with any depree of
confidence how many seismic events there are in every area of
the world above magnitude 4.0. To address this problem a
co-operative multi-national project has recently beem under-
taken under the aepis of the Lincoln Laboratory of the Massa-
chusetts Institile of Technology. It utilizes the detection logs,
rather than the more conservative seismic bulletins of the
participating groups, and will seek to answer a number of
scientific and operational questions related fo detection and
discrimination by using all available sesismic dafa.

Data recorded for a period of one montk, 20 Febrary to
19 March 1972, has been selected for this extensive study with
participating groups in Canada, Sweden, Norway, the United
Kingdom and the United States. In addition, the analogue
records of all other groups submitting data to the Uinited
States National Oceanic and Atmospheric Administration have
been incorporated in the data base. Fimally, a Hist of cvents
from nom-seismic regionms, or which for some reason cause
difficulties with some discriminants, and other recemt special
events of particular interest, is being compiled for study by
the various groups. The number of potentinl events being
considered is abont 5,000 although the process of event au-
thentication promises to reduce this firure to under 1,500
Event anthentication means that detection of an event is made
by at least three WWSSN stations or one detection at a local
standard station corroborating the same detection by an array.

Althoungh the work is only in its initizl phase, it is boped
that the firal bulletin will coniain very nearly all evenis in
the Northern Hemisphere of m, 4.0 and greater and that by
using modern data acquisition systems and computer tech-
niques for data integration and manipulation such a capability
might be achieved routinely. Of course, some events smaller
than my, 4.0 will be detected too but not with sufficient relia-
bility to be useful. Another parameter which reguires evalua-
tion is a more precise estimate of the number of times small
events are masked by occasional very larpe events.
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Data already compiled have included bulleting from the
United States Natiomal Oceanic and Atmospheric Administra-
tion, NORSAR and LASA; detection lops from NORSAR,
LASA, Yellowknife, Hagfors, and Warramunga; arrival times
and amplitude measurements for Warramunga, Guaribidinaur,
Canadiap network stations, and other measnrements reported
to NOAA. Fiim records of selected WWSSN stations will also
be utilized and every attempt will be made to reprocess array
data for possible events not originally reported by the BITAYS.
For the first ime we will be in a position to accumulate a
single list of events which will form a common and agreed

data base for comparative studies, almost an impossibility up
10 this time.

It is anticipated that the work will be completed by October,
1972 at which time the results will be distributed by Lincoln
Laboratory to all participants and other interested workers.

Future communications systems and date analysis

One of the important issues which was mentioned in our
earlier paper (CCD/330) was that optimum verification system
performance requires a good deal of operating experience be-
fore it is actually achieved, and is crucially dependent on the
quality of system mapapement. Preliminary results of the
multi-natiopal co-operative experiment js revealing that there
are likely to be as many as 20,000 events zbove m, 4.0 per
year. This will pose a2 data management and processing prob-
lem of major proportions.

The approach to this problem which the United States is
now undertaking will bave three facets. First, each high quality
station or array will have a comprehensive signal processing
system including techniques for maximizing signal-to-noise
ratios for various wave types, azimuths, and frequency bands;
automatic event detection; signal editing and storage; and a
means of reprocessing data on request.

Secondly there should be regular but not necessarily real
time transmission of processed data from the individual sta-
tion to an analysis centre or cemtres. Modern satellite com-
munication systems, already in existetce and commercially
available at economic rates, have made communications on a
world-wide basis simple in principle. A map of current provsd
stations and the three COMSAT satellites is shown in figure
9. They possess the unique advantape in n world-wide seismic
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monitoring coptext that the data would be available o all
who would wish to nse i, the only requirement being 2 link
to a satellite communications ground station. Simple though
the concepts may be, many details must be investigated, These
include data format; the means of interfacing with the satel-
{ite link; data rate, including trade-offs between continuous
low rate and short bursts of hiph rate transmission of sccamu-
lated data; and sufficient {wo-way transmission fo permit data
to be extracted from as well as deposited iz the data bank.

Thirdly, consideration will have to be given to the func-
tions of the data bank and central data analysis centres. The
important seismic parameters for an operating system will
have to be specified, such as location, time of origin, depth,
magnitudes, spectral data and other possible discriminant ma-
terial, and improved meaps for computing them will have to
be developed to handle the great numbers of events which
oceur world wide. The development of the recently operational
network of interacting compitters—called the ARPANET-—
encourages us to explore these possibilities without being
limited by computers. This net provides high quality remote
access to a number of large special and general purpose com-
puters in the United States. The Seismic Array Analysis Cen-
ter (SAAC) in ‘Alexandria, Virginia, is linked to this net,
and this provides the Center with the capability of utilizing
the Jargest and most sophisticated computing facilities avail-
able. A further development which promises to be more valu-
able from the point of view of a data bank is a mass storage
device having a capacity of approximately 1012 bits of data.
This is adequate to store the unedited data from 25 nine-
element long-period arrays operating for approximately three
years.

Sefsmic instrumentation

The results of recent research make it imporiant to review
our current thinking on seismic instrumentation. The results
obtaived from the Very-Long-Period Experiment seem fo in-
dicate that rather than restricting analysis to periods of 20 or
40 seconds, it seems much more profitable to use as broadband
data as possible. An extension of the pass band of long-period
instruments is indicated by the fact that earthquakes occurring
within 20° have a richer frequency spectrum in the region of
12-14 seconds than at greater distances. There is a prospect,
therefore, of seeing relatively short-range earthquakes against
the background of the coda from a Iarge earthquake whose
dominant period is likely to be of the order of 20 seconds.
These facts combine to suggest that in future research we
should record broadband from about 10 to 50 seconds.

Recent research has been devoted to develop a reliable
broadband instrument. Hitherto, apalogue recording has pre-
cluded the realization of the potential of the broadband in-
strument since instrument band passes were desipned to elimi-
nate seismic noise, specifically at the 6-second amd 18-second
microseismic peaks. With the introduction of digital recording,
the large dynamic range can be exploited and the prewhitening
of the noise by analogue filtering avoided.

An instrument with a good response curve from periods
of one second to dec. has been constructed. This essentially
means that this instrument, with digital recording, and per.
haps potched filtering to remove the 6-second microseismic
peak, has the potential of obtaining data presently obtained
by both long-period and short-period instruments. The instru.
ment can be packaged in a way that it contains its own tempera-
ture and pressure environment and, in addition, is small
epough for use in a 7-inch diameter borehole. This latter
feature is of considerable imporiance because it opens up the
attractive possibility of economically deploying instruments
below the zone of locally-generated atmospherically-induced
earth noise. The horizontal components of the long period
(t > 20 seconds) earth noise are particularly sensitive to deep
burial, and it is the noise in these components which af sur-
face sites severely inhibits the detection of potentially useful
Love waves. The noise is not only high in these componenis
at the surface but is highly unstable due to storms and diurnal
changes due to atmospheric loading causing earth tilt. Love
waves have been less investigated for this reason.
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The instrument and other similar nmew developments are
currently being evaluated at the Tonto Forest Observatory
alonpside more conventional long-period instruments in sur-
face vaults. A borehole experiment will be undertaken to
establish the advantapes to be gained operationally from the
deployment of this seismometer at depths up to 5,000 feot,
particularly to explore the utility of Love wave dataz as a
factor in seismic discrimination.

Improved seismic research networks

Studies of identification criterin which have been conducted
to date reveal deficiencies in the data base available for re-
search. For example, the previously described events in Asia
having low M, : m, ratios are so remote from the large arrays
and from all but ope of the stations of the Very-Long-Period
Experiment that only limited information can be obtained from
these stations. In addition, some other promising criteria which
might identify these events (for example, Wadati's method for
determining focal depth using $-P118) require high-quality data
recorded within several degrees of the source. Valuable as
they are for most peneral seismological studies, data from
standard WWSSN stations are inadequate to support the de«
sired research. In particular, the stations do not have suffi-
cient effective gain to record data from the low magnitude
evenis of interest, and the photographic recordings are not
suitable for the necessary computer analyses.

As a consequence of these considerations, and as an adjunct
to the communications study and other studies related to the
consideration of monitoring a test ban, the United States is
planning a programme for selectively upprading selected
WWSSN stations. Sites would be chosen at locations where
they can be expected to produce data needed for important
investigations. Small arrays may be needed at a fow loca-
tions to attain necessary defection thresholds and to assist in
mixed event separation. Digital recorders will be needed for
high dynamic ranpe and efficient analysis. As currently en-
visioned, about 20 stations of the WWSSN might be improved
with advantage. Planning is, at present, in the preliminary
stages and hence cannot be reported to the Conference at this
time.

Counter-evasion research

The principal objective of the research programme into
evasion techoiques is to devise measures which can be in.
corporated into seismic verification schemes to detect, and
thereby deler, possible attempts o test clandestinely. It is
important to determine the quantity and character of seismic
data which will sufficiently deter such testing and to design
a seismic verification system which mects those specifications.

A number of new approaches 10 the evasion problem are
being examined using spectral anatysis of both long-period and
short-period data as well as broadband signals. Further re-
search on coda suppressions as a means of limiting testing
opporiunities is required. Performance comparisons need {o
be made for various beam-forming techniques, filters, and
spectral processors as a means of separating and identifying
events. Continwed work on short-period discrimpinants is re«
quired since this may prove to be the only useful positive
connter-evasion approach at low magnitude levels. Network
characteristics, particularly station location, may be able to
redece the likelihood of successFul evasion by simulating an
earthquake or hidiog the explosion signal in the coda of a
natural event. Research on these subjects is continuing,

32.
Italy: working paper on the problem of reorganization of
the negotiating structures in the disarmament field

[CCD/389 of 28 August 19727
fOriginal: English}

During the informal meeting held on 16 August 1972 at the
request of the delegation of Mexico, the delegation of Italy

118 See K, Wadati, “On the Travel Time of Barthquake
Waves, Part II", Geophysical Magazine, vol, 7, 1933, p. 101



submitted 10 the Committee some views on the problem of
the reorganization of the negotiating structures in the dis-
armament field.

These views are set forth in the present working paper for
further consideration by the Commitiee.

1. The Iialian delegation believes that the present structure
of the Conference of the Committee on Disarmament, which
inter alio makes the participation of China and France more
difficult, may npot fully meet the reguirements of the multi-
lateral negotiating body of the future in the disarmament feld.
Structural changes, whether in the composition of the Con-
ference or in its rules of procedure, are, therefore, essertial
if we are to breathe new Jife into the multilateral negotiations.

It is pot therefore a question of whether there should be
reorgapization, but rather of how and when To find the
right answer to these questions, which relate to the real prac-
tical aspects of our problem, we must start from a premise
which sesms to us unguestionable: that the mnultilateral organ
for disarmament pegotiations capnot folil its task unless it
tncludes among its members all the politically and militarily
important Powers and, in particular, all the puclear Powers
Any reorpanization of structures and procedures must there-
fore be conceived with a view to securing, as a first and essen-
tial requirement, the participation of China and France in
such a multifateral organ. Now, the fact must be faced that
not only is there no tangible indication of any readiness on
the part of those iwo Powers to participale in the work of
the Conference, but these is no evidence to suggest that any
reorganization of the Conference would induce them, at least
today, to review their position In fact, we cam hardly sce
how the structural and procedural changes on which we might
iry, at this stage, to reach a consensus in our Commitiee could,
by themselves alone, make China and Framce change their
attitude to the Conference. Therefore, if changes in its or-
ganization are undertaken without any evidence as to what
would be the attitude of these two Powers there is a risk that
such a reorgamzaﬂon would fail in its most important objec-
tive, which is to bring them into the multilateral disarmament
nepotiations and, at the same time, that it might weaken the
efficiency of the present negotiating body.

2. This does not mean that the problem of reorganizing the
nepotiating structures in the disarmament field should be
shelved. The problem exists and needs a solution. In our
opinion, such a solution could be sought in connexion with
the forthcoming discussions on the proposal of comvening a
world disarmament conference.

We believe that with adequate preparation a world disarma-
ment conference could, at the appropriate time, promete posi-
tive developments in the action for disarmament; and we
consider that, for sound operational reasons, the task of pre-
paring such a conference should be entrusted to a gualified
committee of restricted membership. The very establishment of
this committee could give us the key not only for the fruitful
preparation of a worid disarmament conference but also for

giz siructural reorpanization of the multilateral negotiating
QGY.

In our opinion, the preparatory committee would best be
able to carry out its tasks to the fuil only if its membership
does not exceed 30 or, at the very most, 35 States; if it in~
cludes all the nuclear Powers, and if it is based not so much
on simple criteria of geographical distribution, which do not
always correspond to the peculiar pature of disarmament
problems, but rather on the criteria of realistic political and
{m’iitary balance on which the composition of the Conference
itself is based. To our mind, the most pr-actica} solution would
be for the preparatory committee to comprise all those States
now participating in the works of the Canference, which could
thus contribute their knowledpe and experience of multilateral
disarmament negotiations, as well as China and France and
any other countries which it might be felt necessary 10 include,
in order fo take account of new developments in the inter-
national community.

.If in its present composition the Conference of the Com-
miitee on Disarmament does not meet the necessary require-
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ments 10 become the preparatory commiitee of a world dis-
armament conference, on the other hand, the establishment
of 2 new body might create a rephca or a rival of the Con-
ference, and, in any case, would raise the problem of the
reiatmnsb:p between iwo multilateral organs both operating’
in the disarmament field; namely, the Conference of the Com-
mitiee on Disarmament and the preparatory committee of a
world disarmament conference.

If we po to the heart of this problem we cannot help
recognizing that the coexistence of two multilateral restricted
bedies in ihe disarmament field would not be a realistic solu-
tion. Once an organ that includes all the nuclear Powers is
constituted for the purpose of preparing the ground for a
world disarmament conference which will have to deal with,
all the major problems of disarmament and formulate the
essential guidelines for their solutionms, such an organ will
inevitably deprive the Conference of the Committee on Dis-
armament of Hs political importance and therchy impair its
practical effectiveness as a negotiating body. To put it more
clearly, we believe there can be no coexistence of two organs
without one becoming overshadowed and, scomer or later,
being eliminated by the other.

Accordingly, if a realistic solution is io be found it will
mean, in our view, a choice between two options: either the
Conference of the Committee on Disarmament becomes the
preparatory commitiee of the World Disarmament conference—
but this may not solve the crucial preblem of securing the
participation of China and France in the preparation for the
world disarmament conference; or the new preparatory com-
mittee of the world disarmament conference, established on
the basis of the criteriz we have sugpested and including there-
fore all the nuclear Powers, assumes also the fonctions of
the multilateral negotiating body: in which case the prepara-
tory organ of the world disarmament conference would itself
become a new Conference of the Committze on Disarmament,
not duoplicating but replacing our present Committee. In our
opinion, this latter option offers the most practical approach to
the problem of the reorganization of the negotisting struc-
tures in the light of today’s political realities.

In other words, we believe that the problem of establishing
a preparatory committee for a world disarmament conference,
along the lines sppgested above, and the problem of reorgan-
izing a ncpotiating body in the disarmament fisld would thus
be merged into one

3. Of course, this approach does not rule out the possi-
bility of making, in the meantime, some pragmatic improve-
ment in our procedure as, for inslance, lthe establishment of
ad hec groups to study specific issues, thus making for a more
efficient and fexible working method, along the lines indi-
cated in the statement of the representative of Italy of 7
March 1972 (CCDB/PV/547).

33.

Mexico: working paper containing a list of statements
dealing with reorgmnization of the Conference of the
Committee on Disarmament which were made at formal
meetings of the Conference between 29 February and
24 Auapust 1972

[CCD/390 of 28 August 1972}
[Original: Spanisht]

Recerd of

Date mecling

The Secretary-

General 29 February CCD/PV.545, p. 11
Brazil 18 April CCD/PV.557, pp- 15 and 16
29 June CCD/PV.564, pp. § and 9
Bulgaria 14 March CCD/PV.549, pp. 17 and 18
Carada 2 March CCD/PV.546, pp. 6 and 13
25 July CCD/PV.571, pp. 12 and 13



Daie
Crzechoslovakia 16 March
Egypt il April
Hungary 6 April
India 23 March
Ttaly . 7 March
Japan 7 March
) 22 June
Mexico
8 August
24 Aupgust
Mongolia 23 March
Morocco 11 April
Netherlands 23 March
Nigeria 28 March

Record of
meeting

CCD/PV.550, p. 5
CCD/PV.555, p. 6

CCR/PV 5354, pp. 7, 17 apd 18
CCD/PV.552, p. 8
CCD/PV.547, pp. 15, 16 and 19

CCI/PV.547, pp. 6 and 7
CCD/PV.562, pp. 7, 8 and 18

- 29 February CCD/PV 545, pp. 31-34

CCI/PV.575, pp. 20-23
CCD/PV 580, pp. 6, 10 and 11

CCD/PV.552, p. 23

Dote

Poland . 21 March
Romania 16 March
25 April
3 August
Union of Soviet
Socialist
Republics 27 April
20 June
United King-
dom .... .. 2March

United States

Record of
mecking

CCD/PV.551, p. 32

CCD/PV.550, pp. 13, 21 and 22
CCD/PV.559, p. 21
CCD/PV.574, p. 15

CCD/PV.560, pp. 19 and 20
CCD/PV.561, pp. 10 and 1t

CCD/PV.546, pp. 17 and 18

of America 29 February CCD/PV.545, pp. 17 and 18

CCD/PV 555, p. 16 27 April

CCD/PV.552, pp. 12 and 13 Yugosiavia 9 March

CCD/PV.553, pp. 13 and 14 27 Jaly
ANNEX C

CCD/PV 560, p. 16
CCD/PV.548, pp. 8-10
CCD/PV.572, pp. 29, 34 and 35

List of verbatim records of the meetings of the Conference
of the Committee on Disarmament

CCD/PV.545-560 (29 February to 27 April 1972): records of the 545th to 560th meetings.
CCD/PV.561-584 (20 June to 7 September 1972): records of the 561st to 5B4th meetings.
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