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of suitable animals. An accurate measurement of LDso requires the use
of from 30 to 100 animals; tests using groups of animals smaller than 5
individuals yield only approximate results. Within each group, the ani-
mals are equally exposed to the same toxic material: in the case of
injected toxic substances, each animal receives an amount proportional
to his body weight: in the case of inhaled gases, each animal is exposed
to the same concentration of the gas diluted in air for the same length
of time. At a selected time after the end of the exposure (from a few
hours to several days, depending on the nature of the effects of the
poison) the number of dead animals in the group is counted.

Each of the several groups of animals is given a different dosage
level, beginning with a dosage which kills few or none of the animals in
the group, and inereasing for each group until a dosage is reached which
kills all or nearly all the animals in the group. The stepwise increases
in dosage are chosen to be sufficiently small to result in two or three of
the groups having killing ratios between 20% and 80%.

A set of dataobtained in this way is then subjected toa mathematical
process which estimates the dose which would be expected to kill 50%
of a large population of similar animals. The resulting figure is the dose
for 50% kill or LDso and is usually expressed as milligrams of toxic
material per kilogram of body weight.

LDso values for a given toxic material vary considerably, depending
on a number of factors, some of which are:—

Concentration of the dosage;
Rate of administration;
Route of application;
Animal (species
(age
(sex
(genetic strain
Time of determination of death

Estimates of lethality for man are usually based on LDso figures froms
more than one species of mammals extrapolated to a body weight of
70 Kg. When results with different species are in wide disagreementy
results obtained with primate species are given disproportionate weight
in making the human estimate.

MEASUREMENT OF LETHALITY OF INHALED ToXIC MATERIALS

When the toxic material is a vapour or aerosol which is inhaled if g
the lungs, practical difficulties arise in determining the amount 0 10
material actually inhaled by each individual animal exposed. This
termination would be required in order to caleulate the LDso 1
toxic material inhaled per Kilogram of body weight.

These difficulties are normally avoided by using the LCtso a1
measure of toxicity. The concentration of the toxic material in 4

(in mgm. per cubic metre) is multiplied by the time of expoSUEE
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the lungs into the blood stream to cause subsequent systemic poisoning
(e.g., hydrogen cyanide, non-persistent nerve gas).

11 Percutaneous Group

This group of dangerous materials are toxic substances which are ab-
sorbed through the intact skin. They are generally liquids of low vola-
tility, which on release remain as slowly evaporating droplets. The
vapours are also toxic (by inhalation), but present at low concentra-
tions. These agents may attack the skin itself (e.g., mustard), or may
be absorbed through the skin into the blood stream (e.g., persistent
nerve gas), thus causing general systemic poisoning, or may be ab-
sorbed by inhalation of low concentrations of vapour over comparatively
long periods of time (minutes to hours).

T11. Supertoxic Solids

Solid toxic materials are generally not dangerous as possible agents
of warfare, because they are not readily absorbed through the skin, and
are not sufficiently volatile to form inhalable vapour clouds, or suffi-
ciently heat resistant to be disseminated as toxic smoke from pyrotech-
nic devices. However, development of munitions for producing large
clouds of inhalable aerosol of solid materials would allow these sub-
stances to become available as weapons. 3olid materials would have to
be considerably more toxic than persistent nerve gases to offer any
military advantage. Examples of such supertoxic solid materials are
found among naturally-occurring toxins; examples are gnake venom,
ricin, staphylococcus enterotoxin, botulinus toxin.

The approximate lethal levels of toxic materials, including agents of
chemical warfare, are indicated in TableI.

In considering possible criteria for materials to be defined by treaty
as potential weapons, it would appear to be impractical to use only the
injected LDsos as such a eriterion because:—

(a) Injected LDsos only very approximately reflect the toxicity of
materials by in halation or percutaneous absorption. ]
(b) A limiting LDso high enough to include phosgene and hydrogen
cyanide (e.g., about 1 mg/Kg) would also include a large number
of toxic solids which need not be considered as likely weapons: |
(¢) LDso figures by any route vary widely depending on test condis
tions, particularly on gpecies and sex of animals used. In order @
specify a limiting injected LDso, it would probably be necess
to specify test conditions quite exactly, and these test con
would be difficult to standardize, particularly as to the speciiits
tions of the animals to be used.
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manufacture, without interference in commercial uses, on all those
agents having a lethality greater than these standards.

GENERAL DESCRIPTION OF TESTING PROCEDURES FOR
PrOPOSED CRITERIA OF LETHALITY

The principle of comparative testing would be to subject one small
group of uniform animals (mammals) to a dosage of the reference sub-
stance, by the appropriate route (inhalation, percutaneous Or injected
subcutaneously), and to subject a second group to an equal dosage of
the chemical to be tested. The dosage used would be one known to be
close to the LDso for the reference substance. In most cases, all the ani-
mals in the group receiving the test chemical would either live or die,
and a clear-cut decision on the lethality of the chemical could be made.
In the minority of cases, some of the animals in the test group would
survive and some die; this would indicate that the material was of ap-
proximately equal lethality to the reference substance, and would be
considered as a possible chemical warfare agent. These borderline cases
would be of minor importance, since they would not offer attractive
alternatives to recognized agents of chemical warfare.

The advantages of this proposal over more accurate methods for
determining LDso values are that it is a much simpler and more eco-
nomical test which need not be tied to any particular species or strain
of animal, or to any agreed mathematical calculation.

LIMITATIONS OF THE PROPOSAL

The most important limitation on the above proposal, or on others
which adopt a sole criterion of lethality, is that they would not include
materials which are less lethal, but which could still have military
utility against forces or civilians poorly protected. (For this reason, it
may be necessary to allow a category of chemical agents of lesser
lethality the use of which as agents of weapons of war would be pro-
hibited, but whose m anufacture for legitimate civil uses would be
permitted.)

This shortcoming could be avoided if the treaty also prohibited
materials which caused disability lasting more than a few days. How=
ever, the means of verifying this property of chemicals would be much
more difficult than simple lethality, and at the present time non-lethal
but permanent disabling chemical weapons are only a possibility. _

The treatment of chemical weapons which cause temporary disa‘bi_l!
ity (incapacitating agents and irritant agents) is outside the scope O
this paper; however, similar principles might be applicable in defininé
levels of incapacitating potency as have been proposed above for defin
ing lethality, i.e., use of known incapacitating or irritant compounas i
standards of comparison for tests with experimental animals oF humé
subjects.
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GROUP I—Toxic Vapours and Gases

Approximate Lethal Dose Inhaled

Name of Lethal Material
LCtso

8 i) mg min/m? mIé]/JIE{Og
Carbon Monoxide
Ammonia 150,000 21
Sulfur Dioxide 70,000 10
Chlorine 40,000 5.6
Hydrogen sulfide 36,000 5.1
Hydrogen cyanide 22,000 3.1
ghosgene L 3’388 0.790
N?)(r’lr-lf’ersistent nerve 2:000 08

ges 100 0ot

GROUP II—Percutaneously Toxic Liquids

Approximate Lethal Doses Percutaneous

Name of Lethal Material
Percutaneous Inh
aled Vapour Inj
mg/Kg. LCtso mg min/m3 an;/cIt{egd

ll;grathion 500

iisopropyl fluorophosph
Allyl aleohol S 1g0 ROty Z
ﬂlcottmg ((i})ase} ! 0 Ly n

Iustard Gas
Paraoxon 2@ 2,000 10
Persistent nerve gas 18 2 0

2 50 0.02

QROUP III—Supertoxic Solids

B

Name of i i
& Lethal Material Approximate Lethal Dose Injected
I mg/Kg. (subcutaneous)

1.0
0.5
0.5
0.4
0.3
0.3
0.5 — 50
0.02
0.01
0.00001

0.00000003
0.00000002

sed
reference substance.




