Aquambo

Best Available Copy

NATIONAL TECHNICAL
INFORMATION SERVICS
- k2untiold, Na S B



AR - T W e

TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No, 3 Recipient’'s Cotalog No.
FAA-AM-71-41
4. Title and Subtit!s 5. Report Date
THE ACUTE TOXICITY OF BRIEF EXPOSURES TO HF, HCl, NO, November 1971
| AND HCN SINGLY AND IN COMBINATION WITH CO A B orhmrmine Freee e Fode
7. Autharls) 8. Parforming Organization Report No.

E. Arnold Rigglus, Ph.D.; Vincent Ficrica, Ph.D.;
A. A, Thomas, M.D.; Harvey V. Davis, Ph,D.

9. Pofi;vming Orgonixation Name ond Address 10. Work Unit Na.

FAA Civil Aeromedical Institute

P. 0. Box 25082 11, Contract or Grant No.

Oklahoma City, Oklahoma 73125 1AC-60027-D

13. Type of Report and Period Covered

12. Sponsoring Agency Nome and Address

Office of Aviation Medicine OAM Report

Federal Aviation Administration

800 Independence Avenue, S.W. T4, Spansering Agency Code

Waghington, D.C. 20591 -
15. Supplementary Notes

The work reported in this manuscript was done under task No, AM=B-71-PHY-41,

Contract No, 1AC-60027-D,

16, Abgtract
‘Experiments were conducted with animals to determine the toxic effect of short-term
exposures to some of the products produced in aircraft fires; the products were
tested both singly and in combination with carbon monoxide. These studies show
the toxicity rankings of the four materials tested to be HCN, NO2, HF and Hci,
in decreasing order, Carbon monoxide concentrations which alone are not
hazardous to life do not enhance tlie toxic response to these substances.’

e AN S AW ] A G

17. Key Words 18, Distribution Stotement
Aircraft Fires, Pyrolysis Products, Availability is unlimited. Document may
Toxic Gases, Lethal Concentration be released to the National Technical
(LC50) Information Service, Springfield, Virginia
22151, for sale to the public,
19. Security Classif. {of this cepart} 20, Security Claasif. {(of this page) | 21. No, of Pages | 22, Price
Unclassified Unclassified 8 $3.00

Form DOT F 1700.7 (s-63)




The contents of thi, teport reflect lie views of the Civil” Aeromedical .
Justitnte which is Tesponsible far the facr+ und accuracy of the data prés\eilﬁéxiﬁ :
tprein. The contenls do not toesssarily ofiect the offieial views or policy of

(e Tiepartment of Traneportaiion. Ti'y report does not constitute a stand-

ia it

“oo, specification or regulstion. o ,




¢
H

]

(%0 uoy

JBAJADIUO,) (BT ]

SOSHE) JINO L,
3 Mg
sisfpoasd
Saa0 g Juaaany
240131408044

U4d Uy Ses

-JB}] SIABQ CA)

dK V'Y

‘sewoyl, ‘111
‘dyd e

Uty ‘Bduony Cf1
aua
‘vowy

WO SsmAdy )

(% x1) uoyp

-13UBIU0,) (Y]

SIBUL) IIXO,],
SINPOLJ
sis{(oa1£,]
SOl vaany
24018140820

‘d'ud A Sos

-1l ‘stagq Al

U VY

‘SBUOY],

(qud ua

-ury cesuord I
‘aud
prowy

W ‘supddy g

11X

RIIURISQUS 3SAMY] 0) IsGodsaa 2)1X0) V) dIUBYUI JOU Op
GJU ) STOPAVZEY Jou AIT UG LIYs SUOHIBIZUION0I 3PIXOUOUL
uoqdL,)  aapdo JUSBMNP W CIDH Put gH “ON ‘NOH %
3189) S[UdIBUE IN0J 2Y) JO sFuiyuusl HOIXO) YL MOYUS S}
SPUYS ONOUL  DPIXOUoW UOGIRD I UO[UUIqUI0) Ul puw SjJus
YOG PISI) odom skipodd oyl sary PRI up pasnpoxd
sionpodd ay) Jo oS 0} SAINS0IXd UWI-J0YS JO ALY I1X0]
¢t SUIWINIGP O} S[BWIUR Ila PAlONpUGY JdM sjudusyaadxsy

AFUL-NV-VVAd oN Hoday w dd ‘[2GL J19quasoy
AU ‘S1avd cA £3AdBf[ puv I I SBWOYL YV Y
DU TBa0d oy @Y ‘Sulddipf pouxy y &q
00 HLIA NOILVNTEKOD NI ANV ATONIS NOH
UNV “ON ‘IDH ‘dH OJ. SHANSOJIXA 4di4d 40
ALIDIXOL dLADY AHL EL¥sk OIYQ "osuvil axaod
AV BOSIONIUI-IUA AL ‘SI01RIOQWT  YAMUISIY (U
Spaly oudsSorIY U)LY CUoIsiAl] SNUZUL JIX0J, puw
‘MuoyuNO ‘S BWOUBE) ‘IINNIST]  ROIPOEOIDY
{1410 UoRENSINWPY BORBIAY IR J-25000-)V!
Ol JOBITUOD JOPUN JUOP SR IIY PAJIOUIT YAos YT,

SOIRISQUS ISIY) 0} ISUGUISAT I1X0) VY) BVUBYUI jou op
3311 0} SNOTIBZBY JOU IIT JUOIR YHYM SUCHIRIJUIIUOD DPLXOLOLL
WH AN ) CJopde BUSUIdOD ul ‘[ pu®d 4 SON 'NOH &
01 PAISV] SIEOjTW IR0 OY) JO sIupjuBa £3)2;X01 Y)Y MOYI S|
-pHYs 9say), C9pIXousla UOGIBD Yim UOVIBUjYuIc) ul puw {Fdys
YIG PpoIsd) oxaam spPpupoad Yy saay PeIde up pavupodd
SIAPUIT I} Jo Swos o) sAsdXd wia-JIohs Jo JOIPA IIX0)
JY] SUINLIZIOP 0) S[BWUB YA PRIONPUOY M SJUdMIISIXH

IF1-KWV-VV oxX MWoday] § dd ‘1261 J9QuuasoN
‘(U ‘S1aBQ "A Adsl8y pue 'Q I ‘SBUWOYL ¥V Y
(e 'BIHOLY JUddULY @4 ‘suddy) plonry g £q
00 HIIM NOLLYNIGHWOD NI ANV ATONIS NOH
ONY "ON ‘IDH ‘d4H OL S4dNS0dXd J91¥d JO
ALIDIXOL ALOJV FHL £e#8F 0ofyQ ‘s 04
1YV WOSIBIIU-IYIIA  ‘AIOIBIOGE]  YMBISIY B
-poJy oBdS0IDY YIQLCY ‘uoisiai(d SPIUZBE JIX0Y, puw
‘BMOYEHO ‘) BUOYBP{O  ‘ANIYSU]  1EdPIW0IIY
1AL) "UONWIISIUIWIPY MOIBISY {849p3d  (-L3009--DVI
VU JIBIIUOD JIDUL IUOP SBA Y PAJIOUI NIOM YT,

T T

{(™y1) uon
-BIUBI0,) [BYIF]
s JIXOL
spPUpctd
RIS LV |
5L JJBAIIY
¥40p824083(T

dd A £3a
-1B}] 'S1avd Al
AN YV

‘SPWoR 4,

"dyd 1w

-ury twoMorg il
‘aud
‘prouly

' sWEdH L

‘111

(=r1) uen
~BAJUIOUO) |BYIXY
SISTH INXOL,
supead
s1SSl0asd
SMi] PBINIY
22018140082([

‘AU A Saa
-181] .m_.’dﬁ Al
TNV

_quOG_H

‘AUd Jud

-UIA ‘BOUOL 1T
(Y
‘proway

o ‘suiddnyg )

‘T11

$30UB)SQNS ISAY) 0] 2suodsal J1X0) Iy} VoUBYUD JoU Op
3Ji1 01 ShOPIUZEY Jou 318 JUOLE YI1Ys SUCIRIIUSIUC) IpiXOUOW
uoyliy,) I19pIo Juiseaddp uf ‘IDH PUv JH ON 'NOH 94
03 [R3SI} s[RItV Inu) Y Jo SAUPUBL LIDIX0) Y3 MOYS 5
-piys ISAYL  IPIXOUOT UOGIBD YI[M UCHIBUIGUICD Uj PUB S|Fuis
y10q p)s3) ara sPnpoxd dyy tsaly RIS @i padsupoad
simpedd 3y Jo awos 0} sMNFOdXd ULPI-AIOYS JO I D1X0)
ay} QUJULIARD 0) SIBWIEB YHI4 PIPDNPUC) AIdM sJUIWILAUX

‘I-I-WV-YV4 oN Modoy 8 'dd ‘1ig( 1squidsox
‘AU S1avd A Lvsaley piuv (W SEWIOYL V 'V
L@ ‘B0 JAMUA ' Ud ‘STIBIH PIOWIY o £q
0 HLIM ZQF«ZESOU NI NV ATONIS NOH
ANy ‘ON “IDH ‘JH Ol STANS0dXT J414d do
ALIDIXOL 41LOJY FHI £ESF 01O ‘asBY MO
Y GOSI3IIHI-30J1a 0 CSI0JRIONW]  YIIBISIY (U]
-pazg oovdsolay YLCH ‘UOISIAJ splEzel JX05, puv
BWOYBHO ‘A)D BWOYB[HQ 'dIMNSU  [BOIPIWOIBY
UAL) “UOPILIL{UIIDY UONBIAY (8303 “J-L/00 VI
‘OU JIRIJUOD JOPUN JUOP 5Bm 813y pOIIoddI Naca Y,

“S30UBISANS IS 0) ISUOASAX I[X0] Y} IUBYUI JoU Op
23J1] 0} SIOPJIEUZBY JOU IV JUOLR (IYM SUCIIBIUNDUCD dPIXOUOUL
uoyly) ‘Joplo FuEEdINp Ul ‘[OH PuE AH “ON 'NOH ¥
03 PIISI} S[BLIIIRAL INOF Y)Y Jo sBupjuei LIOIX0) IY) MOYS 53]
-pnys 950QJ, -OPITOUOTI UOGIBD Ylj4 UOIBUIQUIOd Uf pus L[3uis
yjoq pa3sal a1 spupord ) tsaly PeIAIR O PIVGPod
sonpoad 3y) jo awos 0} sansodxd uLaj-J30ys Jo 9@ X0}
SY) UIULIADP 0F S{FWIUB Y)a [IPNPUd AIdM SAdxXH

‘I3-12-KV~-¥¥d ON 10da § de ‘1281 J2qudaoN
‘d'Ud ‘S1ABQ ‘A A3ai8H PUB '] ‘W ‘SRWOYL 'V 'V
@ Ud ‘BIRO0L JTVUTA ¢ qud ‘BMAB[Y proury W £q
03 HLIM NOLLVNIGWOD NI ANV ATIONIS NOH
aNY ‘ON ‘IDH ‘4H Ol SidNsodxd .mﬂ—ﬁn 40
ALIDIXOL JALNOV UL “CEFSF O[4Q '9sBy auiog
1V GosUd-IYSi M CSJ0JRIOQEY  YIIBISIY  18dy
-pIN 2085019y Yi0L0Y ‘UOISIAI SPI¥ZBY IX0], puv
‘BHOYBNO ‘A1) BWOYBPIQ ‘AINISAT  [BI[PIUCIY
141D ‘UCHUAIRUITDY UONIBIAY (8I3p3d  ‘q-L13009-0VI
‘OU JOBIJUCD JIPUN BTOP SBM Y DPIIIodaT HIoa IYJ,




Gl e T

o~

e st T oy p—

AUTHORS

E. Arnold Higgins, Ph.D., Civil Aeromedical Institute, Federal Aviation
Administration, OQklahoma City. Oklahoma.

Vincent Fiorica, Ph.I).,, Civil Aeromedical Institute, Federal Aviation Ad-
mimstration, Ukinnoma ity Oklahoma,

AL AL Thomas, M.D., Toxic Hazards Division, 6570th Aerospace Medical Re-
search Laboratory, Wright-Patterson Air Force Dase, Ohio 45433,

Harvey V. Davis, Ph.D.,* Toxic Hazards Division, 6570th Aerospace Medical
Research Laboratory, Wright-Patterson Air Force Base, Ohio 45433,

*Harvey V. Davis, Ph.D, now employed with Standard Ol Company of Illinols, De-
partnient of Industrial Hygilene and Toxlcology, 910 8. Michlgan Ave, Chicago,

Tllinols 60880,




—~

g g AR e e - L

prre

R TP 4 TR T T

THE ACUTE TOXICITY OF BRIEF EXPOSURES TO HF, HC1, NO; AND

HCN SINGLY AND IN C

I. Introduction.

Recent studies made within the aviation com-
munity illustrate the importance of fire, smoke,
and fumes in the survivability and escape from
aircraft accidents, For example, the Aerospace
Industries Association AIA)! examined the im-
portance of fire in 539 fatalities which occurred
in 16 impact-survivable accidents, They con-
cluded that fatalities in 12 of these accidents
were the result of the ensuing fire. Another re-
port? showed that during the period 1955-1984,
12 survivable U. S. Air Carrier accidents oc-
curred in which 68 crew members and 596 pas-
sengers either died by fire or received severe
injuries attributablo to fire. The same study
also showed that 25 crew members and 269 pas-
sengers died by fire in other accidents which
had some fatalities at impact; the deaths by fire
occurred post-impact. Snow, ef al..® made an ex-
haustive analysis of the human factors data from
three uwircraft accidents involvinzm emergency
evreuntion,  All three accidents were impuct-
survivable but 105 of the 261 passengers died by
fire or smoke during attempts to escape the air-
craft after impact. Hasbrook, et al.,* examined,
in some detail, the evacuation pattern of a sur-
vivable accident in which 16 passengers died
from smoke inhalation and fire.

Comprehensive aircraft safety necessitates the
rapid evacuation of pascengers immediately fol-
lowing impact-survivable crashes. Many such
croshes result in aircraft fires. Since inhalation
of the combustion products of aircraft compo-
nents may presont a general toxicity hazard, it
would be wise to select totally nonflammable
materiala or, i.. ‘- ng such materials, to select
those having ¢+ - 13t toxic conibustion products.

Marcey and Johnson of NAFEC have con-
ducted studies® of the burning charncteristics of
a total of 140 different materials divided into
two groups; one group comprised materials now
il use in air transport, the other, materials which

OMBINATION WitTH CO

have heen proposed for future use and which dis-
play superior resistance to fire, Also, the Fire
Research Section of the National Bureau of
Standards conducted resenrch for NAFEC on the
smoke and gases produced by burning materials
used in the interior of aireraft.® Neither test,
however, examined the biological effects of the
toxic combustion products found.

Of the interior materinls presently in use,
many formulations contain halogen, cyanide, and
nitrogenous moieties which can react during com-
bustion or pyrolysis *o form the corresponding
helogen acid gases (HCl and HF), hydrogen
cyanide gas (HCN), and nitrogen dioxide
(XO;). Iaformation has oeen needed concerning
the toxicity of these materials when exposure ie
for a short period of time as might be ex-
perienced in the evacuation of a burning air-
craft. The present study was conducted to
provide this specific inforrantion for the gases
HCl, HF, HCN and NO, In addition, other
experiments were performed to explore the toxic
effects of a simultuneous exposure to each of the
above guses in combination with earbon monoxide
(CO).

This study is not an exhaustive evaluation of
the toxicity of pyrolvsis products. It was de-
signed to establish some criterio. for evaluating
material in use, or proposed for use, in terms of
some of the more commonly produced, easily
identifiable toxic gases,

II. Experimental Approach

Ten rats (Wistar) and 15 mice (ICR) per
group were exposed to a series of atmospheric
concentrations of each test material to determine
LC,, (Lethal Concentration for 509% of the test
aniinals) values. Exposed rats weighed from
250 to 275 grams, while mice ranged from 30 to
A5 grams.  Quality control examinations were
conducted on ench slipment of rats and mice
received to assure that healthy animals were used
in the toxicity studies.
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The animals were exposed in a dynamic flow
system using a standard Rochester chamber?
modified to present the animals with a precisely-
timed H-minute inhalation challenge. The modi-
ficntion consisted of a cage constructed with
gasketed solid ends mounted on a slide track
which was installed in one of the plastic panels
on the Rochester chamber. When the derired
contaminant concentration was achieved in the
chamber, the cuge containing animals was rapidly
pushed into the chamber and the sealing clamps
were secured, After five minutes of exposure the
procedure was reversed and nnother experiment
wag started by readjusting the contaminant con-
centration.

The animals were observed closely for seven
days following exposure in order to include
among the observations any delayed deaths which
were due to pulmonary edema,

A series of animal exposures was conducted to
determine the concentration of CO) required to
produce 25% COHb (a level which produces

70 r
60 F O Pooled Rats
80 F ® Single Rats
40+ | Mice
30
20l
. 10F
cots /
/
/
°r /
//
4
/ L L. 1 L 1 1 |
200 500 1000 2000 4000
1500 3000 5000
ppm CO

Ficure 1. Carlboxyhemoglobin Formaticn In  ltodents
ixposad to CO for 5 Minutes.

minor C'NS effects in man but which ig not lethal
per se).  Initinl experimental CO concentrations
were based on czlculations made from the human
CO uptake datn of Forbes, et a/.* Blood carbo-
xyhemoglobin  mensurements were made on
vooled blood samplea from simultaneously-ex-
posed groups of three or four rats, using the
method of Goldbaum, ¢ al® The COHbL data
for rats are shown in Figure 1. Also shown in
this figuie is the average COHb value for 24
ice exposed to a single carbon monoxide con-
centration. Since all animal species have from
(.5 to 1.0 endogenous COHb from hemoglobin
catnbolism, this is essentinlly a 2-point plot show-
ing that the 25% COHb level is achieved in mice
during five minutes of exposure to 1,500 ppm
CO. The 5-minute C'O concentration required to
achieve 23% COHDb in rats is 2,100 ppm.

All contaminant exposure concentrations were
controlled by continuous monitoring. Hydrogen
fluoride, HC]l, and HCN concentrations were
monitored using specific ion electrodes, Air sam-
Ples were absorbed into n constant flow of
aqueous reagent solutions made in accordance
with the directions of the electrode monufacturer
for pick-up of the contaminant and optinum
measurement of the ion. Air and solution flow
rates were measured precisely for conversion of
ion concentration to airborne contaminant con-
centration. Calibration curves were prepared by
sampling known concentrations of the specific
ions made from primary stundards. The stand-
ards used wers NuF, NaCN, and NaClL

Nitrogen dioxide was nnalyzed by continuous
spectro-photometric measurement of atmospheric
samples absorbed in Saltzman reagent using an
AutoAnalyzer.!® Calibration curves were pre-
pared by analytical measurement of standard gas
bag concentrations backed up by standardization
with permeation tubes.?

Tr: LCs, values for each series of exposure to
the compounds tested, either singly or in com-
binaticn with CO, were calculated by the method
of Litchfield and Wilcoxon!? using computer pro-
gram techniques. This method results in a slope
calculated by the method of least squares which
results in the lowest Chi square value possible.

ITI. Results and Discussion.

Hydrogen fluoride produced pulmonary edema
of varving degrees of severity in most of the
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exposed animals, In animals that died during
or shortly after exposure to concentrations abo.e
the LC.. value, pulmonary hemorrhage was a
common finding. Delayed deaths were routinely
seen with this compound in exposures below the

I.C.. level, with peak mortality occurring about
| toxposure, E]fhnngh accagional deatlis

2; Houre prsrvea
acenrred three to four days later. The mor-

tality rates to inhaled HF for rats ere presented
in Table 1: those rates for mice are in Tuble 2.
The L.Cs. slopes for rats and mice nre presented
in Figures 2 and 3, respectively, The slopes for
the HF and HMF 4+ CO exposures nre not sta-
tistically different. There is no appaient effent
attributable to concurrent exposure to carkn
monoxide, Indeed, a single slope ecould 1
plotted by combining the two sots of exposure
data, which would result in a mote precise I.C.,
value with narrower 95% confidence limits.
Exposure of rats to HCl resulted in LC,,
values of 40,989 ppm for the pure compound. and
39,010 ppm for the combined exposure of HCI
and CO, as shown in Table 3. This difference
was not statistically significant; neither was the
greater difference found in mice as shown in
Table 4. The LC,, slopes are plotted in Figure 4
for rats and in Figure 5 for mice. Hydrogen

TABLE 1.—7-Day Mortality Response of Rats Exposed
5 Minutes to IIF Gas Singly and in Combination
with CO (259 Carboxyhemoglobin)

I
HF Concentration | % Deaths
(PPm) |
| HF HF + CO
11, 850 ’ 0
12,440 10 !
12,890 ; 0
15,990 H 10
17,818 80 i
17,750 [ | 40
18, 580 ' 80 |
20,730 ; 70 i
21,128 | 100
22,356 i ! 90
22,740 ! | 100
23,540 ! : 100
25, 690 ; 100 |
1
LCso 118,200 ppm | 18,208 ppm
969, Confidenco 1 15,965~20, i 13,698-24,
Limite | 202 ppm
[

748 ppn ;

28,000 O HF + €O

@ HF
24,000
9

22,000

N\
u]

20,000
ppm
HF \800c

T

16,000

T

14,000 1

12,000

10,000 r

8,000 4. L L
{¢] 30 90

% MORTALITY (Rats)

Freuvre 2. Five Minute LC.w for Rats Exposed to HF
Singly and in Comblnatlon with CO.

11,000 r [ ]
F 4

10,000 0O KF+CO o

® HF Ve

F L
2,000 10 50 90

% MORTALITY (Mice)

Ficure 8. Five Minute LCs for Mice Exposed to HF
Singly and in Combination with CO.
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chloride is definitely less toxic to rats than is HF,
but, in mice, the effective range of lethal response
to HCI overlaps thnt of HF. It should be noted
that the range of HCI concentrations which had
to be used wns much wider than that with HF,

TasLe 2.—7-Day Mcrtality Response of Mice Exposed
6 Minutes to HF (;ias Singly und in Combination with
CO (25 Carboxyhemoglobin)

HF Concentration % Peatha
(ppm) ! _
HF . HF +CO
2,430 ' 0
4, 180 - ! 7
4,500 | 33 .
6,220 33
7,410 | ' 00
7,618 1 o7 .
8,140 , 53
8,760 | ! 93
10, 190 ; i 100
11,010 ! 100 i
i E——
LCis i 6,247 ppm ' 8,670 ppm
06% Confidence ; 4,789-8,1490 | 5, 890-7,807
Timits - ppm .~ ppm
60,000
[ o HeI+co o °
@ HC! a

T

50,000

ppm
HCI

40,000

30,000 }-

1 1 1

10 50 90
%% MORTALITY (Rats)

Frovre 4. Flve Minute LCo for Rats Iixposed to [ICL
Singly and in Combinstion with CO.

TasLe 3.—7-1)ay Mortality Response of Rats Exposed
5 Minutes to HCI Vapors Singly end in Combination
with CO (259 Carboxyhemoglobin)

HCI Coneentration Z» Deavhs

(ppm) :
1 .
HCI - HCl 4+ CO
. l
30,000 . ) i
32,000 10 ,
33,080 ' 10
39,850 60 r
42 480 _ i 80
45,200 ' 70 :
49,580 ' ! 100
56,046 | f 90
57,200 . 80 1
59, 280 | 100
1.Cga 10, 98Y ppm i 39,010 ppm
98% Confidenre ' 34,803-48, | 85,049-43,
Limits i 272 ppnm 419 ppm
|
30.000 O HCl +CO o
® HC! N-y4
25,000 | ‘
20,000 |-
ppm
19|
13,000 }-
10,000 r—
5,000
1 1 L
10 50 90

% MORTALITY (Mice)

FiouvRE 6. Flve Minute LCw for Mice Exposed te HCI
Singly and in Combinntion with CO.

Consequently, the 5-minute toxicity of HCI is
much less predictable than that of HF. The
lowest concentration of HCl causing death in
mice was 3,200 ppm: however 100% deaths were
not achieved at the highest concentration tested
(30,000 ppm), which was an order of magnitude
areater,

Most N(),-induced animal deaths resulted from
pulmonary edemn and were seen within 12 hours
postexposure; n few animals exhibited pulmo-
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TasLe 4.—7-Day Martality Response of Miec Exposed
§ \inutes to HCI Gas Singly and in Combination
with CO (25% Carboxyhemoglobin)

HC1 Concentration , % Deatha
(ppim) .
Lol HOL 4+ 00
- . —
3, 200 . 7 '
4,920 : . 10
5,060 ! 7 -
6, 145 j 13 :
8,410 , 0 :
7. 525 . 40 .
8,085 . 13 !
9,276 a3 !
12, 805 : . 70
18, 655 , 40 .
21,010 | ! 80
26, 488 87 i
27,288 ' I 90
30,000 I 87 'l
—{ !
LCso 1 13,745 ppm 110,663 ppm
05% Confidence | 10, 333-18, I @,021-186,
Limits 1 283 ppm | 428 ppm
| |

TApLt 65.—T7-Day Mortality Response of Rats Exposed
5 Minutes to NOs Singly and in Combination with
CO (259 Carboxyhemoglobin)

NO; Concentration . . Deaths
(ppm) |
NOs i NOy + CO
]
260 10 !
270 i 0
550 40 |
580 ] )]
590 30 i
7580 ! 20
840 30
BEO 30 l
1,000 ! ! 40
1,200 1 50 |
1,250 | 80 l
1,380 ! 100
1,860 | : 80
LCso i 831 ppm | 1,140 ppm
95% Confidence | B8B-1,240 + 720-1,707
Limits . ppm | ppm

nary hemorrhage. Again, as shown in Tables
5 and 6, there was no significant differe.ace be-
tween exposure to NO, alone ard exposure to
N0, in combination with CO., Simultaneous ex-
posure of rats to CO and NO, resulted in o
stightly higher LCqny an indication of n slightly
less toxic response. The results of Lhese LC.,
sluitics of MO, on rate ara almost identical to
those reparted by Gray, e al.”*; the latter found
a S-minute LCso value of 832 ppin which com-
pares well with our value of 31 ppm.

In HCN exposures, either singly or in com-
binarion with CO, all denths occurred during
the exposure period or within 20 minutes post-
exposure. There were no delnyed deaths. The
results of the experiments are given in Tables 7
and 8 for rats and mice, respectively. Carbon
monoxide at the 25% carboxyhemoglobin level
had no effect on the acute toxicity of HCN.
Because the primary eftect of HCN intoxication
is the blocking of intracellular oxygen trangport
through the cytochrome system, the slightly de-
crensed extra-cellular oxygen transport was not

TapLe 6.—7-Day Mortality Response of Mico Exposed
5 Minutes to NO! Singly and in Combination with
CO (259, Carboxyhemoglobin)

——

]
NOg Concentratlon | %, Deaths
(ppm) ‘ }
I
| NOs ; NCy + CO
i
{ 1
260 1 7
550 | 27
880 | 0
820 l 0
840 7
850 V]
980 7
1,200 ' 40
1,260 18
1,380 47
1,500 b8
1,080 20
2,280 T4
2,860 i 67
2,080 \ 74 I
2,080 { 100 !
3,280 | { 93
)
LCso " 1,886 ppm ! 1,644 ppm
05 Confidence | 1,846-%, | 1,203-
Limita | 626 ppm | 2,247 ppm
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Tante 7 —7-Uay Mortality Responnre of Rats Fxposed
5 Minutes to 1HCN Fingly and in Combinatiun with
CO (237, Carboxyhemoglohin)

HCN Concentra- €r. Deatha
tinn (ppn\\ . .
HCN HCN + CO

280 - : []
283 : 0 .
334 ) - 10
357 ) 10 :
368 ) 20 !
497 , 20 '
557 , 70
583 ) 80 1
490 : 109 !

LCyo ! 503 ppm 1 467 ppm

05% Confidence | 403-626 ppm ~ 395-553 ppm
Limits . .

)

TasLE 8.—7-Day Mortality Response of Mice Exposed
& Minutes to HICN Singly und in Cumbination with
CO (257 Larboxyhemoglobin)

HCN Concentea- e Deaths
tion (ppm) .
. HCN . HCN + CO

188 : 0
200 X 0 .
283 ! 27 .
288 ! 61
300 ! : 40
319 : ! 87
357 | 80 .
360 . ! 87
368 - 67 ;
414 | 80 -
427 ! 100 ;

LCso ' 323 ppm 289 ppm

95 ¢, Confidence ' 276-377 ppm . 245~340 ppm

Limits :

an important factor. In aireraft fires, it is pos-
sible that the build up of CO will be fuster than
the build up of other toxic gases. In order to
determine the etlect of prior exposure o CO on
moetality rites of ITCN. {wo separate groups
of rats were exposed to HON immediately fol-

1800
1600 }
1400
1200 }

1000 r
ppm

NO%OO i

§00

400 +

200 -

I \ _

a] N02+ co

® NO, /

FioUre 6.

3600
3200
2800
2400

2000
ppm

NO
?GOO

1200
800

400

F'GURE T.

10 80 90
% MORTALITY (Rats)

F've Minute LCy for Rats Exposed to NO,
Singly and in Combination with CO.

- [n] N02+ co
i L] N02 [ ]
L
-
: 1 L
10 50 90

% MORTALITY (Mice)

Flve Minute LCs for Mice Exposed to NO:
Singly and in Combinatlon with CO.
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lowing exposure to CO. The exposure to CO
resulted in 25% COHDb for one grouy, of rats and
50% COHb for the second group. The results
of thess exposures were no different from those
in which the CO and HCN were used simulta-
neously, The data are presented graphically in
Figure 8 tor raw, und in Tigure ¢ for mics

0O HCN+CO
® HCN

© 25% Pre COMb
& 50% Pre COHb 4

s00 |- « /o

600+

[o]
/' a
400
./.
/o
300 = //
/
200 L A -
10 %0 90

% MORTALITY (Rots)

Fiovre 8, Five Minute LC, for Rats Exposed to HCON
Singly wnd in Combination with CO.

The CO exposure superimposed on the indi-
vidual contaminant expusures might have re-
sulted in more rapid responses, i.e., a decrease
time to death. Such a response would be im-
portant in consideration of potential hazards
for aircraft passengers. We compared the mor-
tality time data o. single and combined exposures
and found no significant differences or trends,

These acute studies show that the toxicity
ranking of the four materials testeG is HCN,
NO,, HF, and HC}, in decressing order. How-

O HCN+ CO
400} ® HCN
300
a
ppm
HCK
=
/
200
1 1 1
100 i0 %0 %0

“% MORTALITY (Mice)

Firavre 8. Five Minute LCiw tor Mice Exposed to HCN
Singly and in Combination with CO.

ever, the hazard rating of various plastic formu-
lations would require experimental determina-
tion of the amounts of these materials produced
by pyrolysis of comparable quantities (ie., al-
though the combustion of 100 pounds of a
cyanide-containing plastic might produce con-
centration of 200 ppm HCN ia an aircraft cabin,
it is possible that the combustion of some chlo-
ride-producing plastic might yield cabin con-
centrations as high as 50,000 ppm; in this event
the chloride-containing plastic would present the
grenater hazard).

We have shown in these experiments that car-
bon monoxide concentrations which are not
hazardous to life do not enhance the toxic re-
sponse to the four substances tested, Some LC,,
values for CO combined with another toxic com-
pound are slightly lower than those of the com-
pounds alone . However, the series of exposures
of rats to NO; with 25% carboxyhemoglobin
established prior to exposure indicates that there
is neither a trend toward enhancement of tox-
icity, nor u protective value, but that the results
vary randomly to the extent which one would
expect from repeated series of 5S-minute LC,,
values for the various compounds.

e D S war—, - a= =
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