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~Burmg the BLACK MAGI

ACK MAGIC program oi tests.on the 1ncapac1tat1ng
. agent CS, detailed observations of the breathmg behavior of six human =
volunteer subjects were made by means of the remotely- controlled breath—
" recording system undeér development for the CARAMU progra.m “Although the
. breathing patterns werg: disrupted by CS, adequate ventllatlon of the lungs .
. .+ wa$ faintained, so- ‘that the incapacitation is attrlbuted te the unpleasant
. ' ‘sensatmns rather than to any degree of resp1ratory failure
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CONF lDENTiAL

"

o BREATHIN(J 1:'ATTERNS DURING HUMAN EXPOSURE TO CS (U)

CIr () INTRODUCTION. o : : :
, “ : ‘ . ,

- ... During the sprlng of 1959 a large number of human volunteers were
c,cposed to the riot control agent, CS, in the form ‘of an. aerosol generated ‘
“under controlled condltmns in a w1nd tunnel. The observersl concluded that

the agent produced mcapac;tatlon by affecting the eyes, the respiratory 5
2 tract, or bath.  They’ regard ‘the .syxnptoms referabg'f,_to the respiratory tract

-as potentially thc most capable of causmg ‘incapacitation: Accordmgly, it
beccame of intew est to observe the” breathmg behavior. -The avallabihty
of one unit of-a self contained, remotely controlled.breath-recording system,
‘under development for estimating casualties from- munitions (CARAMU)

= . permlttcd us.to make observatlons in a- short serles of exposures . A

CIL(U) PROCEDURE

Of the four or five men cnterlng the w1nd tunnel f\or an exposure,
one man was eguipped with the breath—recordmg device. The recorder was
" started by a radio .signal and when an cutside ,pbserver saw the cloud arrive
_ he impressed by’ radio a signal mark on the rec,ord To measure the
-duration of the exposure. a ston watrh wase ntnmid =t tl‘_: ZIIniC LunT G the

radio signal and.stoppéd when the man léft the wind tunnel The concen-.
tration of CS was determmed by members of the Aerosol Branch. \

oo
/

The device consxsts of (a) an air-flow transducer mountéd in an 7

oronasal mask of rubber sheet 0. 020 inch thick attached to the skin with 4
adhésive tape,‘ (b) a tecorder’ (f1gure 1, append1x) w1}th enough magnetic
“tape to last 3 minutes and (c) a radlo receiver and other electronic
components. ‘Items b and ¢ were carried 1n,a pack on the back (figure 2,
appendix) witha shielded cable leading to the transducer. The equipment
. carried by the man weighed 10 pounds. A developmental grotot'y:pe of the
- transducér has been described by Dahlke and Welkowitz. The finished
it transducer is 2 inches in dlametevr ‘and 1/2.inch thick and is illustrated - '
‘ . elsewhere. 4 It consists of. networks of strain- -gage wire bonded to i}
T . ) alternate sides of 8 flexible vanes attached to the circumference of the
" ’ airway and prOJectlng into the airwdy. ’When no air is moving, the - - .
airway is nearly ¢losed; 'when air moves in either direction, the vanes
.bend, opening the airway and deforrnmg the strain-gage wire. Since the
gages form two arms of a bridge circuit, air movement produccs an
imbalance in the bridge. The arrangement of the gages compensates for

e . / o S
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thernivelectric effects and the connections are- waterproofed to protect against,

condensation from the expired air. The output is nearly the same in either

' _ direction if the direction of air movement alternates as in breathing, The .

balance changes, however, if the transducer is subJected for very long to

steady or intermittent flow in only one dn’ectlon. 0

n \
The output of the br1dge enters a phase modulatmn c1rcu1t and is \> ’

The circuit aad recorder are modifications- by Dahlke and Wel}cowdtzz of

" those described by Upham and Dranetz. 5 The tape transport mechamsm

“the transducer” in series,. the response was compa

is driven by a voltagdé-sensitive motor powered by a nickel-cadmium
rechargeable battery. - Successful operation depends on a delicate ‘balance

-between the battery power and the resistance of the tape transport

mechamsm. Roiighness in the tape transport or imbalange.in the demodulator

_results in noise in the baseline of the final record A-decline in the battery

voltage ‘during a 3-minute ruf produces a sh1ft in the baseline level and.
reduction in amplitude of the ‘signal. For retr1eva1 of information, the tape

is played'back, The output from the tape. passes through a demodulator

and is recorded on an oscillograph in the same manner as:a conventional
pneumotachogram ‘The remote control. radio transmitter’ and receiver

are of the type used with model alrplanee 3 The system is identified as:
the productlon prototype dehvered by the contractor in‘December 1958, 6

\\\

As shown in figure 3 (append1x), the resxstance of the transducer

‘to air movement was comparable to the inspiratory re51stance of the: M17

protective mask.{ The transducer used in these expenments had a'nearly linear
calibration for steady air.flows measgured by Fisler-Porter rotameters
(figure 3). The response of. the transducer apart 1’rom the remainder of the

" tape recordmg systerm has becn described elsewh re 8 When. the same

breath was passed through ‘the conventional screelpni\@umotachometer and I
abli with respect to "4’

ability to follow sudden changes in air flow and in he\xﬁ‘\iklal volume of the

breath. The transducer is too thin, -however, to Jermlt sufficient bending

~ of the vanes to respond to 1nstantaneous flows abot/e 250 liters per mmute

R r\ N - - ) ” ;

The accuracy of//the system was tested by comparmg the . volumes ’
of several breaths ﬂurmg a1 after a brief run on the treadmill by .a man’

“weamng the transducer undér an. M9Al protective mask. The canistet

was removed and the inlet ‘was connected to a 120- liter recordmg spu'ometera,
with a scale factor of 0,1326 liter per m1111meter of height of the bell.

The transducer output was recorded on magnetic tape. In order t(o)){esolve T s
" the os<:111at1ons imposed on the record of 1nstantaneous flow by “&é 1mpa.ct

P
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of the feet on.the treadmill and the consequent shock to the column of air

i
‘u

~ extending from the lungs out through.the mask, a high speed of paper trans“..ert

in the Sanborn oscillograph was required. This amounted to 266 centimeters

*-per minute. Since the playbatck speed is- double /Lhe recording speed; the

Sanborn paper speed was equal to 133 centimetérs per minute of breathmg
The duration of the bréaths as récorded on tape was verified by comparlson

- with a simultaneous reedrdmg of mask pressure on another Sanborn

'osc1llograph The volumee of several breaths were measured. by -reading
"from the recofd the instantaneous flow for each millimeter of the t1mesi scale.
Theé instantaneous fluw is the product of the pen deflection and the- i
calibration factor for the system, 10 liters per rninute per millimeter, /

- pen deflectron The 'sum of the instantaneous flows divided by 1330

m1111meters per minute yields the volume of the- ‘bredth in 11ters In ta.ble 1
(appendix) the 1nsp1red vol} mes. recorded bhy.the sp1r01neter and by the
transducer are listed together w1th the volumes of the lntervemng exp1rat1ons
also recorded by the tr::tnsd.l cer. .

Smce so large an excess of 1nha1at10n over exhalatlon is unhkely,

' .%ouraes of error were cons1dered In order to follow the rapid changes'in .

vflow, a hot pen was required; this produced a wide trace at slow flows and .

. rnade a.precise sett1ng of the baseline iincertain. rnSDeCt]()‘n of the record . \.

TR L

' éfhows,,t“he baseline may have been 0.5 millimeter further on the inspired ‘ 3
side than the line employed in reading the pen deflections. From the total \}‘

_number of readings, 323 for inspiration and 297 for expiration, it was o .
calculated that.the mean pen.deflections were’ 5,1 millimeters for inspiration
and 4.5 1n111,1meters for expiration. Corrected for possible error in the

. baseline of this size and direction, the average pen’deflections become

- 46 m1111meters for inspiration and 5. 0 millimeters for exp:ratmn, and the
" total volumes 11,72 11Lera for inspiration’and 11. 2 ltfe\-s for expiration..

Sucha shift in the average pen deflection 18 in harmdny with the fact that .

- the 1nsp1ratory phase was longer than the expiratory phase. T/he dlfference

betweemib 2 and the spirometric total in table lis not far frorh the 5 percent

i d1screpancy between the spirometer-and the' rotameter used to calibrate the

transducer The volume collected in the spirometer is less by this much

: 1. |than the volume blown through the rotameter calculated from the rate _ )

indicated by the rotameter and thé time’of collection. This discussion -
does not exhaust the poss:b:htlen‘a for error. -in the portable breath- recordmg
system but may 1nd1ca.te"tbat, it has sufficient’ accuracy for field usae,

IL- (C) RESULTS. : o S

L) ” Thé records are i]lustr'at"eld“ln‘f'iggres 4 and 6, appendix. A

period of quiet breathing in thc wind tunnel before the cloud arrived was

UNCLASSIFIED
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". and the total inkaled ‘during the exposure are listed to permit calculations
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1

:'followed by the exposufe, and the subsequentvrecoveryf outs1de the wind
tunnel.’ Devxat;ons from the quiet breathmg pattern as a result of the -
.exposure | Lonoxst of perlodRof no air movement (a) between’'inspiration

and explratmn, (b) between explratlon and. inspiration, and (c) during the
expiratory phase. Expanded portlons of the records appear in figures 5 and L
appendix. A spikein the explrafory direction was 1mpressed on the record °
by a'radio signal to indicate the ary ival of the ¢loud. This time is only an
approx1mat10n, since the concentratlon edge of the cloud is rniot. sharp,

some aerosol is thought to reach the. subjects before the visible wisps of
cloud can be seen The. followmg information applies to the top record . - ’
in figure 5. 1he exhalatioh following the signal appeared normal and a
further 0. 43 liter was inhaled out of the total of -0.59"liter in that breath -

_ before the first irregularity in breathing could be seen. A complex cough
followed and, after mhalmg a-total of 0:.93 liter more, the subJect left the
.wind tunnel- at B. In one 1nsp1rat1on the instantaneous flow rose from 0 to
200 liters per minute within 0. 05 second. .The various periods in “which

. no air flow was recorded add’ up to about 5.8 seconds. The-subject did

‘not intentionally hold the breath'as a device to prolong the exposure,

perhaps because of the risk of taking m a l.arge breath at the end of the ‘hold._
(C) " .. Numerical data are llsted ih table 2. appendix.. The concentrat:on

) nf S in the zarnanl n'lnnr] ?:5_?\!5:\4 I_A... [ N T . LEP

R _""'—'O_"‘°"’ 2o e DL R [ yes

the voluntary exposure times from 110 to 12 seconds. The totalrdose
inhaled depended on the breathing during the exposure period so thete was
no closeirelation between concentration and dose. The changes in" the
breathmg pattern as a regult of expusure were the three types of -
interruption of breathing mentioned above plus'the cough, but the
-quantitative aspect of the changes was quite varied from one exposure-to - ’
another. The, f1rst detectable- change 1n the breathmg pattern camé from

- 3 to 12 seconds after tke arrival of the cloud, although in the exposure. of
BM no marked change in the ‘breathing pattern was seen, In this case the
subject had had conSJderable gxperience with the agent a.nd entered the
wind tunnel with the intention of maintaining a regular breathing pattern.
The volume 1nha.1ed between the signal and the first regpiratory response

of the doses inhaled. The times without brea.th:mg represent the sum of Ty
-all the periods of zero flow ob&,served during the expgsure. In no’ case-
('exs:ept that of JC) was there a period long enough to-“gligges,t an mtcntlon B ”
.to hold the breath. The total volume exhaled during the exposure was ”
subtructed from the total volume. inhaled. The difference indicates the
*_amount by which the lungs were more filled, or l&\s filled, at.the end -
of the exposute thdn at the beglnnmg The deferenCes were not greater

W

\\
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than those scen in the othér exposures

A

in e1ther direction than the volume of a large breath and so may.be accounted
for by the possibility that the respiratory cycle of msp1rat1on and expiration

'was not completed during-the exposure. Minute volumes based on complete

cycles were calculated for the periods before and during exposure. They

~ were less during than before exposure, but all were greater than the expected -
-2 value for a man standing at ease. The max1mum mstantaneous ipspiratory.

. flow rate was recorded for each exposure and ranged from 50 lltét '
‘minute for relatwely quiet breathing in BM to 250 liters per niinute in LT, X
The number of coughs were counted during exposure and recovery; the triple

rsg per

exhalation in figure 7.(top record) was counted as one cough. Although -

coughmg and dose were not systematmally Telated, 1t: is worth notmg

Y .,-(U) I Table 2 also includes the case of JC\who was prov1ded thh

a‘gas mask and instructed to put it’ ‘on when he became aware of the CS,
His hreathmg record during exposure is shown in figure-8, appendix.

’ The cloud arrwed at A during a normal exhalation of 1. 77 liters. After -~

mhalmg only 0.17 liter the subject halted his brea.thmg, opened the mask
carrier at M and proceeded to don the mask.” At C he exhaled 0,52 11ter

to clear the mask and resumed breathing. He was unablé to breathe
normally: and after inhaling a further 2. 07 liters he left the wind tunnel at. B.

v (uy piscusstoN.-- - o

In'the. large‘ group of sub_]ects described by. Gutentag, Hart,

© Owens and Pu.nte1 from which our six subJects were drawn, the first -

symptom of CS exposure related to the respiratory, tract was "burnlng"

-which began in thethroat and progressed downward with or -without coughing.

As the exposure continued, this burning became painful a.nd was rapidly’
followed by a "constricting" sensation throughout. the chest, This latter’

- symiptom was associated with incapacitation for se\feral minutes. -Panic

usually accompanied and accentuated this symptom and persons so affected

. appeared unable to inhale‘or exhale Usually there was mild to moderate,
" burning of the nose and throat. Thls/was fnore 1rr1tat1ng than 1ncapa01tat1ng
- and disappeared readlly in fresh air. : - '

i . B
In the normal pneumotachograms of Fleélsch 9 msplratlon and
exp1rat10n follow each other without an. mw.rvenmg perlod of zero flow,
In a.few normal subjects, Proctor, and Hardy obse ‘gved a pause of from
0.1 to 0.4 second folléwing expiration, - In ou} records the longest period of .
apnea was 4 seconds ekcept for the longer voluntary breathhold of JC
1nc1uded 1n the mabkmg xeactmn Shorter,’pauses between the phases of

Y
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the reSplratory cycle were quite common, however AlthOLgh there may ha.ve - :

been some constriction of the a1rway, there was no reasor to suppose the "~ VAR

airway was blocked e:rcept momentanly as a part of the cough reflex. U The ™
.peak. instantaneous flows in the coughs recorded here wete not as high as SR

the flows of from 500 to 700 liters per mm\hte recorded by Wh1ttenberger and o
‘ Mead 2'in part because of the l1m1ted range of- the transducer. .

o
o

o . v "v ) i h . ..
) R B The textbook descr:.ptmn ‘of the.: resplratorgr response to. 1rr1tar~ts. - B
el 115 exemplified by'the following statemént of Schmidt:}3 "A sneeze is elicited
“". " byirritation of the mucous membrane of the nose, a cough by irritation of |,
. the.respiratory passages. beyond the nose. ' He goes on to sta.te that
 during.anesthesia, irritation of the upper air passages causes a; onea,
" This reflex is actually present in the conscious ‘subject ‘but is oversha.dowed ce

by the vz.olent exp1ratory eﬁ‘ort that is absent in the unconscmus state.

wd

Aeqordlng to 11terature C.lted in, rev1ews by Ranson14 and Avxado S mel
and Schm1dt 15 the evidence regardmg the sneeze is deriyed from experlments ) '
on anesthetjzed animals, usually the rabbit. - Search of the literature has

) so far revealed no pneumotachogram of a human sneezé. In our récords--
“ we saw nothing that looked like a frank sneeze, which we suppose" ‘would
be characterized by a large slow m5p1rat:|on followed by a sharp exp1rat1on,
Lo - prabably nol 2% Sxpliive 45 & COugh, Gucewing was COMMITION,) jhowever;
armong obse:vers exposed to small corcentratmns of CS at sor&xe distance
from- the expaosure, chamber ~Thg impfession of the pauses betWeen ) ’
msp1rat1on and expiration in sub1ect FC is that they were largely J.nvoluntary
The gasaping behavior subJecuvely resembled what: ‘;appens be ore a sneeze, e
but the 1rr1tat10n was more pronounced than that us _fa.lly leadi \g to a- sneeze '

, Electr:cal snmulauon of the tracheobronch ,gl muc%a acc:omphshed o ps
T dunng bronchoscopy 1ndicates that the linings of the r&r chea and\bronchi SR

‘ " ‘are-sensitive ‘and that pain resultsi - Morton et al. 16 hiye charted\the areas in

:w’ - which'the pain was:felt., Pain arising from the bronchil tree wa\ referl?ed W

Co " to the homolateral anterior chest within 2 to 4 centlme(ers of the ternum, e

or to the anterlor’“ cervical region within 2 centimeters| of the rhidljne.
. Pain of tracheal 6rigin was felt 1n' the midline anteriorly, . at.sites extendmg
‘from the larynx to the xyphmd process, Pain of bronchml origin was usually
o ,abohshed by a umlater&l vagus section on//éhe sdme s1de,17 and the cough
i " reflex e11c1ted by mecha.moal and electnca.l stlmula.tmn on the same side
- of the bronch1a1 trée was. also abolished, 18 =~ S - i

T FOI' the part1cle size (3 m1crons p}otyed on the 4 days of these
.tesfs data cited by. Puntel? 1nd1cate that as much as three- vfourthe of the «~
"~ aerosol would be retamed in the upper respu'atory tract For pa.rt1cle sizes //

R
- . . B e - - N o i ) pa e . .
v o e g - e ' v N . - R o o
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o of 1 micron- and below, vir tua.lly all the materlai retained would bé. in the lower
~ part of ‘the tract, The smaller particle size was employed in some of the tests
with the larger group of subjects.l It appears that either pain er coughing may
.result from stimulation of the tracheobr nchial mucosa with either CS aerosol -
or an electr1c sHock but we do not know the parameters of the stimulus that e
determme which result will occur. In view: of the distribution’of the ‘particle - |
" size in thege exposures, we ‘cannot exclude the likelihood of penetratlon\ of-.
e CS into the lower r spitptapssctr nd may w17th{ Punte (personal '
mumc..u.;\on) attmbute to ‘this the: i r-ns:a.tlon of the
‘ chest On the basis of the ‘doses n{‘,"table 2, 1t appears llkely thdt a massuve
- "+ . penetration is requ1red to produce a bout of coughmg The statement: of - .
o . Schimidt, 13 quoted-above, suggests that the brief perlods of apnea-in our records
~rusult from sttrong stimulation in-the ‘hose Much weaker stimulation with CS -
may be requ;red to Produce a sneeze. - S s

? Although Cs produced great dlstortmn of the pneumotachogram,

the data for mmute volume in table 2 make it clear that adequate vent11atlon )
L of the lungs was maintained durmg these exposures The’large minute
v volume before’ exposure is mterpreted as emotmna.l hyperventllatmn
el T . The behavior of the man who donned the protectlve ‘mask after
ey '~ ihe cloud reached him needs to be considered, for the respiratory flowmeter
wAf ’ and its connecting cable, could easily impair the seal.of a hastily donned mask
) However, the exposure time of JC was within the range of’ the . untramed group
~ -provided with masks who were exposed to about the same ‘concentration,
~ described by Gutentag, Hart, Owens and Punte.! Ina personal commumcatmn,.
) Mr. A L. West stated that a large breath was. requ1red td clear the mask
. after donnmg in order to render tolerable .a long period of exposure t6 CS...If
a good seal to the face could be obtain

/} ~ d over the flowmeter, some’ quantltatwe
. ’? ol stud1es on this pomt mlght be appropq ate T S
S - - I P (o At a. concentratmn ‘of 5 mxcrograms! per hter one-

v”tramed ‘subject was “ablé to malntam a norma.l breathmg pattern for 110 seconds..
W I - . : - . . . ; )

‘ ‘,', 2. S {u) A_t h\gher conc;entratmns the breathmg pattern cons:.sted -
-, of short msplratory or exp1ra.tory gasps separated by short and varlable
LV ..per1pds of zero air flow ’

o

« L ER E (U) Coughmg wag consp1cuous in- only two exposures ‘with
| the hlghest total 1nha1ed doses, : ' -

" "
. . - % ¥
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l!

T ‘ (U) . Vent1lat1on"of the lungs was ma1nta1ned durmg the
exposures dta normal or grea.ter than normal rate.
/'rt - i\n . T '5," (U) - Voluntary breath holdmg wasg not employed as a means
e Qof prolongmg the exposure ' o %
s . - A T N
. - . - ; O
S VLD (U) CONCLUSION ST L E .
ven latlon of the lungs was mamtamed so that the 1ncapac1tat10n is attnbute;i SRR
.to the unpleasant sensatxons rathér than to any degree of resprratory fa11ure S =
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TABLES AND GRAPHS o
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. COMPARISON OF TIDAL VOLUMES RECORDED- WITH A-SPIROMETER .
"~ AND WITH THE PORTABLE TAPE RECORDING SYSTEM -(U).

. Breatth

Condition -

‘Time -

Inspired

rolume

Spirometef

‘.‘T—a-‘pe

Tape

L DN NG RV SR WWN RN R

Avaii

min

178

321‘
440
469

- 598
1660

1 535

"1330 -mm

13&.5

228

404 .

A_lite;sv

119

1.46

© 1,46

liters

1.69°
1,26

1.69

L

1.48 -

1,71
1,68

w

liters
:‘l~_1;1g ;eh.u
ﬁ S g

1,27

Totalﬂ

; 1o 74

i2”34

lO OO

=Dat iwere. obtained in connectjon w1th another gertes. of experiments on

Expired volume - -

‘;arch 1959 from subject F running at 9 miles per hour upa 12 per cent
(Craig, F. N. ; and
1960 manuscript). o

"oxade and ‘include the first t
‘uCummings

]

.E. G.;

wo breaths in recovery,
Breathing in Brief Exercise.
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PORTABLE BREATH RECORDING SYSTEM WITH TR.ANSDUCER IN

= —:,; = e T

-
o }ﬁ{ )
The 9A1l protectlve ma.sk and carrler are w1red to the remote control radxo
Jpeceiver section so.that the tlmes of opening the carrier and closing: the neck

FIGURE 2.

POSITION ON THE FACE,; AND KNAPSACK CONTA]?NING
THE. POWER SUPPLY; ‘REMOTE

RECEIVER AND R,,ECORDE

[CONTROL RADIO - ”

SECT IONS

_strap of the ma.sk can Be noted on the record. The" remote control radio -

“Apgensiix .
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- tra.n.armttnr shown at the Teft is used to start the tape recorder and’to pIa.ce o
an a.dd1t10na.1 tlme 31gnal on the tape ST e
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FIGURE 4. .o

‘kaomplcth'ﬁfi cords df the first t:'huz-f;c.-};x;;osa/rés’listed'in table 2

““are shown. The time bL.d.lL u.t thggbottom of each record is in infervals of

2 scconds.. Zero air flow is-three Jines down.from. th( top of the record.

Insplratwn is down andxpiration up from this lipe, ' Edch interval between -
"lines on the vertical scale re predents dan ifistantaficous air flow of 50 liters .

rechrd. At A the cloud arrived and” at B thc buchct luft thc w1nd tunnel

“

‘pP /M.nute The subject vatered theswind tunncl at the b(,&,lnnln;a of the
chr

" UNCLA.:SIFIED R
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" FIGURE 5
”o L ~ Shown are L\pdndud portions of the redords of ngur(, 4 in the
' ‘- samia.order. The time scalc at the bottom- of cach record is in intervals .
’ of 2 segonds:  The scalce for instantaneous air flow is the same as m o
: R figure 4. - Thc remote contrul sxgjnal for the dl‘rl\nll of the cloud’ lb see n
Tt at Al ‘ "

Appn(i'n(li}'(v: v . 21




UNCLASSIFIFD

o

b

I

L o B B e o B e N S S N A s iﬁ‘—H—H—H+H++++H—!—H—%—4+H+f-HH++f§+H+H+v
FIGURE & ! :

Complete records of the scecond three expesures lisied in table 2

are shown. Scaies and symbols are as shown in figure .
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Expanded pertions of the records of figure 6 are shown. Scales
and symbols are as shown in figure 5.
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FIGURE &

B

Shown are complete and expanded portions of the record of the
Scales and symbols are as shown in figures

last exposure in table 2 (JC).
and 5. The signal at M came from the gas mask carrier; when the carrier

was opened the circuit was broken. C marks an exhalation to clear the mask

-

f$>N

after donning. %
v % éé:
i &
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