
UNCLASSIFIED

AD NUMBER
AD338814

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to DoD and DoD
contractors only; Foreign Government
Information; 08 MAR 1963. Other requests
shall be referred to British Embasy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY
DSTL, WO 195/15601, 20 May 2008; DSTL, WO
195/15601, 20 May 2008

THIS PAGE IS UNCLASSIFIED



SECRET

AD 338 814L

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION, ALEXANDRIA, VIRGINIA

SECRET



NOTICB: When goverment or other dravings, speci-
fications or other data -u used for any purpose
other than in connection with a definitely related
overment procurement operation, the U. S.

Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
sent my have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data ip not to be regarded by implcation or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
Patented invention that my in any way be related
thereto.

NOTICE:

THIS DOCUMENT CORNTAIS INFORMATION

AFECTING THE NATIONAL DEFENSE OF

THE UNITED STATES WITEN THE MEAN-

ING OF TIM ESPIONAGE LAWS, TITLE 18,

U.S.C., SECTIONS 793 and 794. TPE

TRANSMISSION OR THE REVELATION OF

ITS CONTENTS IN AN MANE TO AN

UNMIEHORIZED PERSON IS PROHIBITED

BY LAW.



SECRET-DISCREET
P.T.P. $3 P.T.P 853

Copy No. 6 5

PORTON TECHNICAL PAPER No 8,3

2 AN ESTIMATE OF THE HUMAN INHALATION

L(Ct)50 FOR GB LU!

cc .
2f T

,11 u, C I . • -,. . , W - , S T ..a -; H P H'-.; tl. rD D C
T f : j AV 5 I

TISIA 0

CHEMICAL DEFENCE EXPERIMENTAL ESABUSHMENT

Porton, Wilts. mA!338 814L SERT-ICRE
~SECRET-DIS(CREET'



$|san

THIS DOCUNENT IS TNE PROPERTY Of N.S.M. GOVERNUENT,

and Is Ieued for the Information only of those

officials who are coneerned with its contents.

The efficil In poseession of the document will be

responslble for Its safe custody end when not in use it
Is to be kept under leek end key.



DORW-DISCRUMT

PWTh T rCHNICAL PAPM NO. 853
Icr No. 65

lDA1I: 8th March, 1963.

AN ESTIMATE ( THS Z1 1 InMUnL.&NL(Ct)

By

I. Methods of estimating the inhalation L(Ct)50 are outlined.

2. Reasons are suggested for basing oaloulations on the ratio Ch3SO: LD501

this gives an estimate of the average L(Ct)50 that is probably valid to within

t 33 for brief ezposures, with widar limits for longer exposures.

5. The L(Ct)50 varies with the metabolio state of those attacked. Uner

resting oonditions, the average figure is probably at least 135 mg.MiM 3 ;

with aotivity the average jq be less than 50 n,.=WM30

1. These figures represent the best possible estimate based on data available

from both U.S. and the U.K,
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PCIRTON T~cICLL PAPE NO. 853'
COOf NO. 65
DATE. 8th March, 1963. 1

By

R.J. Shepherd

io HI RIM The human inhalation L(Ct)50 has usu3.ly been oaloulated

from an assumed ventilation (1 0 V/min in the resting state) and an LD50

(pg CDkg) obtained by one of several methods of extrapolation. Coplete

retention of inhaled GB has usually been assumed.

(a) The U.K. ayroaoh. Ainsworth, Davies and Melee () gave

single-breath inhalations of GB (f - 3 /kg) to 36 subjeots.

The dose of GB was plotted against the logarithm of the

percentage of uninhibited red ca1 ensyme, and by oonsiderable

extrapolation of the graph, the dose for 9C% iraibition was

estimated at i1 - 29 Wgkgo with a most probable value of

16 pd/ g. The assumptions of the method were

(i) that the dose of GB oausing 90% inhib'+.ion of red oe3.1

oholinesterase was the LD50, and

(ii) that the dose of GB was linearly related to the logarithm

of the percentage of ensyme remaining after admidntration

of GB. The last ass ptiecn was cheoked by giving GB to

rabbits (inhalation and oy,) and puine pigs (so@) over

a wider dose range, No gross departure fra this relation-

ship was apparento but the number of observations was not

adequate to study Ce fine details of the ourve.

a aE-Isc uNI
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Assuming a ventilation of 10 I/aim, with i0C0 retention of GD,

the resting .(Ct)50 was pleced in the range 77 - 203 age/mim,
with a most probable valu: of 112 mJ.J/mi It is now known

that assumption (i) is not universally true. Many species of

animals remain active when the red cell oholinesterase is 90%
Inhibited, and recent U.S. experiments suggest the some is true

of man. If a figure of 931 Inhibition is taken, the estimated

L(Ct)5) would be22 sinO

(b) The U.S. approach Slilver (2) considered that during short

exposures to GD vapour, the inhalation LD53 for a number of

laboratory animals approached the intravenous LD50 of about

15 w/kg, It was easumed that the same would be true of man,
and again accepting a respiratory minute volume of 10 3/mim,

with 10(C retention of agent, the L(Ct)50 would be

for a 70 kg man,

2. M PNITION, The baio method of estimation has altered little,

but much more information is now available on the response of man to moderate

doses of GB by inhalation, on the respiratory minute volume during exposure

and simulated exposure to "nerve gas", and on the retention of inhaled vapours.

(a) Bx-raolation to LMO. The estimation of the LD5O remains the

weakest link in the chain of evidence, To the original two methods

of extrapolation has been added a third, based on the ratio of the

ChX5O to the LD50; this seems the prooedure of ohoioe, for the

reasons discussed below.

(i) Cholinostrean Inhibition at LWO. Whether log-probit (3)

or semi-log aitluoi plot of the data is used, the extrapolation
is oritically dependent on -the slope, which in man can only

be determined over' a very small part of the dose range of

interest; further, there is no certain evidence that 90% is

the desired inhibition, from the data of Callaway, Davis& and
Rutland (4), In many species the LD50 dose corresponds to >9%

inhibition of whole blood and red cell holinesterases

UBGJI-DISORin
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species LD50 Corresponding oholinesterase
(pr/g, s.c.) _ inhibition

Thole blood Ried call

Rabbit 35 97 > 99*9

Monkey 25 97

Guinea Pig 38 98 > 99.9

Rat 109 91
Pigeon 52 88

(ii) Inter-u eeies oomparison of W0:z There is a wide range of speoiot

variationfk Imsation toxicity of GB, and the supposition that
Inhalation toxioity approache intravenous toxicity (2) is not fulJ,

borne out by experinental data. The inhalation toxicity apparentl"

increases with a decrease in the duration of exposure (5 - 8);

however, eve:n with short exposures (9 - 10), the intravenous LD5O

is exceeded by a factor of 1.7 - 2.0

Species Inhalation LD50 }intravenous U50
Imm ~nlm Smi

Rat (4) 05- 209 80

Guinea Pig (4) 5 - 73 32
Winea Pig (9) 42- 79 32 - 36

Rabbit (4) 25 - 52 19
Monkey (4) 46 - 48 -

Konkey (9) 15- 38 j8 -23
he (4) 58 76 1 - 20

Dog (9) 28- 52 8-.28

UICRMZ - DISCRIT
3.
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(iii) Ratio of 0350 to f5O. The ChI50: LD50 ratio has been

thought rather ocustant In different species. U.K. data

(4.) show a range of 3.2 - 6.3, with a mean value of shout 1..0:

8pColh CSO : LD5O ratio

Whole blood Red oe.

Rabit is 6.0 1 , 6.3

Monkeyr i: 6.3
Guinea Pig 1: 3.3 1 : 3*.

Rat 1: 3.2
Pigeon 1: 4.O

U.8. earlients show a mean value 3.9 (11). The use of the

01150 1 LD50 ratio as &bale of extrapolation seen preferable to

methods (i) and (Ui). The quantivies involved (CbWO and D50 in

animals, ChB5O in man) *an all be measured o uretely, end no

assumtions are made about the shape at the oholinesteras inhibition

oure in the range 90 - 95% Inhibition, which in diffioult to cheok

zp ericentall. ?he influence of route of administration an the

CbB5O/WL50 ratio is less than might be antioipated, ohanges in LD50

being astobed at least in part of ohanges in ChSO. Thus, the follow-
ing ratios have been reports4 for the rabbit:

Route of aacinistration LD50 Whole blood ONII 50 : LD50
(PG(/k) Ci ratio

at IM50

ubutaneous () 35 97 1 : 6.0
Intrave-ous (9, 3) 19 94 I : 2.4

Inhalation (9,1J) 25-52 97-100 1 : 5.
to

1 : 10.8

_ _ _ _-1T -
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Zn the ease of the inhalation experiments, the ratio increased as

the duration of exposure was lengthened. With large doses of GB"

the chollanesterase inhibition at the W50 also varies with exposure

time. Thus cone figures of ullumbin e, Callaway, Ainswoth and

Inuch (12) show that in the sheep the W50 with 2 min exposure is

76 "wVg, with 90% oholinesterass inhibition, and with 10 seo

exposure the LD50 is 58 "akg, with 95.9% inhibition of whole blood

oholinesterase. This difference is sufficient to preclude effective

use of prediction method (i). On the other hand, the ChI3O dose seeas
relatively independent o the duration of exposure (3, W).

(b) Inhalation red call ChO50 In man, Whether based on very

brief exposures (single-breath technique, 2 seo or less) or

15 min chamber exposures, the ChF5O can be plaoed fairly certainly

between 4.0 and 5.0 p"kg:

Method of Method of Number of Nstimated red cell1
inhalation extrapolation subjects CbEO (p&/kg)

Single breath ( nd) mi-log plot 36 .7
(U4) Lnear regressior 73 5.0',

log/probit Plat(3) 29 paired obs. J,.O
131 obs. i.4e

Chamber

15 ain cated lo/probit plot(3) 92 50

15 min marching~

In the ohember exposures, the inhaled dose has been beck-calculated (14)

from the Ct and the ventilation measured in parallel ex~periments, using

94% retention for the resting experiments (15) and 9C% (10i, 1) for the

exercising men.

en these calculations, 67% recovery of nominal dose assumed (14).

5.



(a) Tbe inh~alt &R50. If man can be assumed to behave more Like
a. monkey than sons of the small species, the CbU5O s 1D50 ratio
of i 1 "e~0 my be rather low. A batter estimate might be
1 t 5 for short exposures (4 Ij min) and J t ii far longer exposures

(2 min). On this basis, the inhalaio I50 would bet

Duration T0 otal dose for
70 kg man

mfini 20 -25pqk i1.- 1750 pg
2 min 44-55 3080 -3950

The influence of duration of exposure on the LD50 remains somewhat
uncertain. It is clear from the figures in section (b), above,
that at doses likely to produce < 50% inhibition of circulating
cholineaterase, the effectiveness of a given inhaled dose in
simila during both "single-breaths and 15 rain chamor e~osures,
However, with larger doses, the probabilty of extravascular

Wpred will rise with increase or concentration of the agent in
the blood stresm, and for this reason the touicity of a given
large dose may be greater when It is inhaled rapidly.
The total dose corresponding to the 11D50 will rise with body
weight; however, this will be offset to sane extent by corresponding
differences of respiratory minute voliue, and over a snail range of
body weights differences in L00t50 frou this factor can probably
be neglected.

6.
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(a) Peroentage retention of inhaled GB, mreot zeasurement has shown

96% retention of GB during nasal breathing (5). Caloulation

suggests E8 - 90o for oral breathing (16)1 Us8. figures are a

little lower (83 - 88e%, ref . 9).
Thus we may assume nasal breathing (9% retention) at rest, and a
combination of oral and nasal breathing in exeroise (sq 9C%
retention).

(e) Roeatr,' minute volume. With exposures <15 seo, the breath
may be held. With longer exposures ventilation will gradually
come to equal the metabolio requirement of the aotivity undertaken.
Typical figures for the period I - 20 min ares

Activity Range of mdnute volume Average

1/mmn 2/0nn

Resting, seated 10 - %. 12
0 standing 12 - 20 6

Marohing 2.5 m.p.h. 18 - 60 29

Running (max. effort) 60 -100 80

(f) The inhalation L(ct)50. Combining the Information in (a), (d) and
(e), the estinated L(Ct)50 for a 70 kg man may be tabulated as

follows:

Activity Ixposure Jhosure
, min 2 mm

Range I Average Range Average

Resting, seated 104 - 182 35 230 - 1.1 301
8 standing 73 -152 102 161 -l33 230

Mrching 2.5 m.p.h. 26 -108 60 57 - 244 35
Running (ma. .effort) 16 - 32 22 34- 73 49

IBTIM-DZUORZ
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Although it is possible for plumings purposes to tabulate the anticipated
L(Ct)50.at various levels of metabolism, as above, there remsa 5&portant
uncertainties in the estimate. T'he ratio 0350 : LD50 show& a twofold variation
between species, and it is by no rwans certain which species man resemables. It
in also quite probable that whereas the ratio found for brief' inhalation exposures
corresponds with the Intravenous. ratios the ratio uwploable to longer Inhalation
exposures is greater than the intravenous ratio. Mwh average figures quoted
above could thus still be In error by about a third in the case of brief exposures,
and by a larger margin for longer exposures.

(BgdL) C. Lovatt bas
Heads Plysiology Section*

(Bgd.) 1.8.. L a~eU9&I.. Assistant Diractor(IMs~ioal).
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