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ACUTE RESPONSE OF GUINEA PIGS TO VAPORS OF SOME

NEW COMMERCIAL ORGANIC COMPOUNDS
V. VINYL CHLORIDE!

By F. A. Patry, Assistani Physiological Chemist,
Chemist, and C. P, Warre, A

Pittsburgh Experiment Station,

-W. P. Yanr, Supervising
saistant Surgeon,? Health Labératory Section,
Bureau of Mincs

This report on the acute response of guinea pigs to vinyl chloride
gas is the fifth of a series of

similar reports which deal with studies
‘pertinent to evaluating the hazards involved in exposure to some
chemical products which have recently reached, or promise to reach,

important domestic and industrial use. The first report of the series
dealt with ethylene dichloride, * - the second with ethyl benzene
vapor,' the third with “Cellosolve” (ethylene glycol monoethyl
ether),® and the fourth with ethylene oxide.? ‘
Vinyl chloride is used at presen;
compounds, principally resins. . . :
The investigation described herein was undertaken
of the Carbide & Carbon Chemicals
conducted jointly by that corporation
Mines at the Pittsburgh Experiment

only in the synthesis of organio .

at the request.
Corporation, and the work was

and the United States Bureau of
Station of ?he' Bureau of Miges,

8COPE OF WORK ‘

The scope of the work in
chloride and the physiologic
by exposure of guinea pigs.
single exposure were studied.
information relative to the co

: -
cluded e study of the toxicity of vinyl.
al response to its vapors as determined
Only acute offects as produced by a
The experiments were planned to give
ncentrations and periods of exposure

onse, moderate response, and serious
response. ol

' This report represents work done

ment of Commerce, and the Oarbide & Carbon Chemicals Corporation
the Director, U. 8. Buroau of Mines,

¥ Assistant surgoon, United States Public Health Servico,
!Sayers, R. R., Yant, W, P., Walte, O, P., and Patty,
somo new commercisl organio compounds.
Jan, 31, 1930, Pp. 225-230.  (Reprint No. 1340.)

! Yant, W. P, Schronk, 11, 11., Walte, O, P,, and Patly,
%ome new commerclal organlo compounds, |

undor cooperative agreemont betwoon the Bureau of Mines, Depart-

. Published by permission of

detailed to the Bureau of Mings,

F. A.: Acute response of gulaea pigs to vapors of
L Ethylene dichloride. Pub, Health Rep., val, 45, No, &

F. A.: Acute responss of gulnes plgs to vaporsof
L. Ethyl benzone, Pub. Licalth Rep., vol. 5, No, 2, May
%, 1030, pp, 1241-1250, (Ropriut No, 1370,)

' Walte, O, 1, Lulty, ¥, A, and Yant, W. I'.: Acuto rosponse of
commerciul organio compounds, ul “ Collosolve.” Pub, Health
bp. 1459-1400. (Iteprint No. 1389.)

* Waite, C. P., l'atty, T 4., snd Yant, W. P.: Acato response of gulues pigs to vapors of some new oom-’
wercial organfo compounds, IV, Ethylone oxide, Pub. Health Rep., vol. 45, No. 82, Aug. 8, 19%,. )

{op. 1632-1863. (Roprint No, 1401.)
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5 i DESCRIPTION OF MATERIAL USED FOR TESTS - , orer August 23, 19g0.
3 oMs
X E’ ‘ * Vinyl chloride (CH,CHCI) is & colorless gas at Toom temperatures ..00”‘7‘01 antmals—No g OF Axnavs .
Q b (boiling point, — 13.9° C.). The gashas a pleasant ethereal odor and guinea pigs used in these i’mptoms were exhibited by th, o
i is slightly soluble in water. Its limits of inflammability are 4.0 to of the test animals wero t lests or by the stock animals { > 18 contral
g’;‘? { 21.7 per cent by volume in air.’ Lxposed animals.—-Tabl1‘e{°1n +4Also, no deaths occurretriom Which all’
g1 The vinyl chloride used in experiments described in this report was mals exposed to vapors of vi Bives the symptoms shown by the anil’
HE a commercial product having the following plant specifications: of exposure required to prod nyl chloride and also the ave y the ol
, Boiling range, 95 per cent or more below —10° C. at 760 mm.; | trations of vapor in air Thuce theso symptoms by vari rage period
acetaldehyde, not more than 0.5 per cent; residue, not more than 0.5 pare_nbheses indicate tha.t th e reader should note that thous soncen-
" :. : | maximum period of © partioular symptorn did o sos orr ot i
¥ per cen N The highost of test as given. id not occur in the
2 . ; TEBT APPARATUS. aures (40 por o concentration of vinyl chiorido in ai
3k The test apparatus was the same 88 that described in a previous animals, Wit]?'lt) exerted an almost immedlo tln air usgd in the expo-
' report dealing with ethylene oxide.* : in an apparent ulr:)c :lils:fourth minute the an?milza;:ﬁt"fo effect on the
IR . ous or “thei
iy i ‘ COMPUTATION AND ANALYSIE OF GAS-AIR MIXTURES ::mﬂt:?n:iuinnkt;?d extremities ::;c;)::k‘;‘:“::» ;‘(filth co.xivmﬁvettl:::tfc;:g; ‘
4 I I The vinyl chloride-air mixtures were created by adjusting calibrated T 18 state until death or ternﬁxlx)ati:zsg;r t;,tlons. The pigs
¢ E : flowmeters (Venturi type) to give the desired proportions of gas and ABLE 1.—Symploms produced in gus . : the test.
'K ] " gir. The vinyl chloride content was then checked by analysis. Chloribus during exposure to vapors of v
1 i The apgaratu's uspd wes the. same as that used for dete'rmining } of viny}
LR et'hy\ene dl.chlonde in au'.‘. Bn'eﬂy, the method wes to subject ?he Type of symptoms Concentration of vapor and period of ex
S50y . vinyl chloride to combustion with oxygen (explosion method using symploms 1 © *POUre Produdlag
d - electrolytic gas to “energize' the combusiton), and absorption of the o ’ ' @ [15t035] 10. , s
- products of combustion. For mixtures containing insufficient oxygen :’-;o‘r’em to des; incomplete narossls; . 25 | 10| a5
1 for complete combustion, & known amount of additional air or pure gmf.?ﬁ.ﬂw?ﬁ}'e;z:-,;',;,-:-r-'-‘-‘fl.'f._'_'ff‘_“_'j‘j_lf' " —
Q oxygen was mixed with the sample before adding the electrolytic gas. | | Ep‘ﬁéﬂfﬂﬁ}}'ﬁf{;’:;ﬁ [ —— vl s+l s ooy I
) A minimum amount of stopcock grease Was used in the apparatus to %l&ﬁ;.?&lgw spiratio bes; qulet......... "fxo) 16-20 eo) 7). ) R 15
i\ reduce error through solubility of thegas. For thesame reason rubber | o htions ceased o G 2 el B 2 10l s
. 00 tubing was not used except for making joints of glass tubing, caution ';gonoenmuon, of va 10-20| 18-85 | 1300 » 300y ‘.“’?;‘433) :;}fﬁf s §}23;
o0 being taken to have the ends butt together. 'Not %mgggdymxwmﬁm&mm& e {n minutes. o e
’ ven in parentheses,

CRIPTION AND CARE OF ANIMALS Concentrations of 10 to 25 per cent cause “
: d the animals to
fall on

. ) . . . theip sid .
The test procedure, and the animals and their care wero the same es with convulsj .
P 1to 2 minutes, F vulsions and with jerk h 8
ollowing this tho pigs Y, Tapid respirations in

as described in the published report dealing with ethylene dichloride! | gp
- btly deep narcosis i

TEST PROCEDURE, DES

e e T

RESULTS Oi TESTS o)
Within 16 to 20

y " The detailed test date are too voluminous to be presented in this | within 60 min :
; R u

report and only summarized results pertinent to symptoms, gros | respirations
pathology, and fatality are given. Specimens of tissue were taken for | and with lzgczurred with 20 minut

B microscopic examination, & report of which will be made later. romained in thi
. s See previous footnote 5. oncentrati 8 state until death or t 19 per cent. The pi
H + See previous footnote 8, 5 rations of 5 and 2.5 ermination of the ex plgs
170008, Q. W., U. B, Bureau of Mines, unpublished datd- ymptom of ‘“‘dro -0 per cent did not posure
vulsive twitchs Pping to their sides and produce the initial
witching of the extremities ,tz.n unconsciousness with con

' £00 £eeyve teadiness in the gnj These concentrations N
© animals, o staggering on attenllmt: '
Pt
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1966 '

_ August 22,1080 This ocourred within The general symptom of narcosis was manifested in three degrees;

f motor ataxia.

) with signs 0 b 1 d of which incroasing ix_l severity wit.h increasing concentg’ations.of vinyl chloride;
ing to 0o ::sou:z'ld lasted 50 to 90 minutes, a: trlffo?n d narcosis, ¥ 1) Unst?ndmess, ecftggermg, a}nd motor ataxia; (2) m(fomplet.e nM
2 to 5 minu f'e 1l on their sides in an npparenvel:nents of any kind. gis in which convulsions affecting th'e t.runk gnd extrem.lties persist;.(.'i)
time the P& elaxed with no convulsions or ma litude, becoming a state of profound or deep narcosis in which the animals are quiet,
being entirely rél increased in rate pnd amp - ‘ on their sides, relaxed, and without movement. ' <o

. v e N . \
The respirations WoF Observation showed that animals after being removed from the

\w ' exposure chamber recovered from the most profound narcosis within
12 minutes. ' s

'* - {1 . J No signs of eye or nasal irritation were observed. : ‘
’ R . [ pas |
<\ " SYMPTOMS EXPERIENCED BY MEN . N

Two of the experimenters were exposed to 2.5 per cent vinyl chloride

in air for a period of approximately three minutes. They reported that
L DS the gas had a fairly pleasant odor. They soon began to feel dizzy and
N Sore oy oo - . disoriented as to space and size of surrounding objects, and complained’
- & %"‘m.;% — & v of & burning sensation in the soles of the feet. They immediately’

S o= recovered on leaving the chamber and complained only of a sglight - 8
N.,‘l headache, which lasted about 30 minutes. L

=

: ‘
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GROSS PATHOLOGY g /

R B M Control animals.—A total of 18 control animals were killed form

7+ o B v b

710G SCALE
CENTB

B ' f . \ - autopsy. No gross pathology resembling that found in the exposed:
\ﬁ z SN animals was found.  Also no deaths occurred among the ocontrol:

'E inct sym| toms-unstéadiness, motor ataxis animals. . ‘ ‘ . o L ;-

5 ' m_—l —t 7] - Exposed animals.—The gross pathological changes found in the -

oo é 1 - ) o o s 1 1 B it i animals that died during exposure (see fig. 1 for conditions of exposure
s BN - - et i 1 N causing death on test) were intense congestion and odema of the
g I LA S T T - lungs and a hyperemia of the kidneys and liver. The lungs were light’
N oo TITTT |eDidontet e in 24 hours - T. pink in color; the cut section was uniformly light red, and bled freely.
& e - :m&“gf&"“““z,. , A frothy exudate was present in the large.bronchi, and squeezing of
Ve i .fi:..’.'-—-.mdmu injury, few ﬁ:"&" R the lung tissue covered the cut surface with a frothy, bloody fluid.:
‘ X el o?}iﬂ:&{l e doathe | 5 L The kidneys and liver were deep red to purple in color and the cu¢:
/ L sections were moist and dripped blood. : :
\ i The snimals that died within 1 to 8 days following exposure showed '
| ‘ . o congostion and odema of the lungs, with a swelling and hyperemia-
i ) : ’ of tho kidneys. The findings in animals of these samo groups which’
T _ TIME EXPOSURE, MINUTES were killed for autopsy immediately after exposure showed a hyper-

o LOG SCALE 1 chloride vapor in alf emia and cdema of the lungs, with a congestion of the liver and: .

‘ 1 gulnes pigs to vinyl ¢ . . . .

F10URE 1.—Acute eflects of exposuse of S0 ] , ure to 5 kidneys. Animals that were killed for autopsy 4 days following
at the end of 240 minutes’ 6Xpos exposure still showed a hyperemia with areas of congestion through-

! . ; i cter inutes
o repid ut:dafékjo:e? :::1 became shallower &b the end of 360 minuies,
er cent,

i ination of the
. ing in the latter condition until death or termmet.x

remainin,
1.0 per cent did not produce any

out the lungs, whereas those killed for autopsy 8 days following
exposure showed atelectatic and emphysematous patches throughout
the lungs. : ‘

The findings in those animals that were killed immediately after
exposure to conditions that did not cause death, but which caused

exposure. N
Izloncesnt.rm.mna of 0,5 and

7\ i3 A 2
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a mild degree of pathological change, were principally congestion
and slight edema of the lungs, and hyperemia of the liver. The
findings in the lungs were not as severe as noted in the exposures
previously described. These changes cleared up in most of the
animals within 8 days: after exposure.

A clouding and thickening of the cortex of the kidneys was noted
in those animals killed. immediately after exposure to 25 per cent
for 5 minutes and 5 per cent for 1 hour. This change was not noted
in members of those groups killed 4 days and 8 days later.

No significant gross pathological changes were found in animals
exposed to 15 per cent for 10 minutes, 5 per cent for 30 minutes, and

2.5 per cent for 2 hours.

DISCUSBSION OF PATHOLOGY

Vinyl chioride is irritating to the lungs. Congestion and edema

of the lungs are the most constant and prominent observations for |

exposure to conditions which caused death during or following expo-
sure. Accompanying the lung changes was a passive congestion o
;the liver and kidneys. :

The signs of lung irritation which were found immediately after
exposure to conditions which did not cause death, practically dis-
appeared within 8 days. "A clouding and thickening of the cortex
of the kidney was noted immediately after exposure to 25 per cent
for 5 minutes and 5 per cent for 1 hour. These kidney changes
were not present in animals of the same groups after 4 days. -

FATALITY AND BUMMARY OF PHYBIOLOGICAL RESFPONSE

A summary of the fatality and response of guinea pigs exposed to
various concentrations of vinyl chloride in air is shown graphically
.in Figure 1, and given in conventional degrees of response in Table 2. «
-The results of each experiment are designated by a symbol which
represents one of six different degrees of severity, With the excep-
tion of concentrations causing death during exposure for. which the
results obtained for individual animals are given, the selected symbol
describes the results obtained for at least one-half the individual ani-
mals, and in most cases the results are for the majority of a group (at
“least three and usually six animals) exposed to a given condition.
It will be noted from the legend on Figure 1 that the six degrees of
response are— .
" .. Died on test.
. Majority died within 24 hours.
. Majority died, 1 to 8 days.
. Moderate injury, few deaths,
. Slightly injurious, no deaths.
. Not injurious, no deaths.

6
S00LCEr2

06v9¢D4g

\
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| 1969 August 22,1980

In addition to Tgpresenting the response of cach

the latter have been separated into four
probable response, namely, '

1. Pro.bable death, 24 hours or less.

2. Sepous response, occasional death, i

3. Wlthout serious response, ’

4. Distinct symptoms. '

"Table 2 gives the concentrati i ‘ io
ations which produce the de
response generally roported in the literature dealing with gx:::?o::

gases. These data may b . . . .
other compounds, ¢ +4 3" weucompaxed with toxicological data for

group by symbols,
general fields or zones of

T -— 1 .
ABLE 2.—~Acule effects of exposure of guinea pige to vinyl chloride in asy

. Concentra-
flects of exposure after varlous periods of time m"‘ g"
oent by
volume
L. Xills In & very short time
3. Berlous sympioms In a very short |
3, Moderate Jgn toms lnvn“ vy‘:;u:rhtozltn‘:m.. ...............
g. Dangerous to ife In 30 to 60 minutes -
. &:;i&:]dugzmlﬁ }n 3600‘0 laomnut;::::"" . .
» or 60 minutes without serions disturhanoes leading 1o 3223t
g: ﬁ:ﬂgﬁ: :ggg:: ;g: ;lgvr;zlf:lu}::’ ;ltl}ggt mnroku:ddsl;:!‘:gfzggl? Loreing to dmath..... 0% g
W Y eresacnam. A b LT TP EN . :
9. Maximnm smoynt for several hours vlthol;ﬁtl:ﬂﬂ::: 3:‘?5" symptoma 1111 TITIIIITII o é:
Ploma..... ... eeeeceee - L0

CAUSE Or DEATH DURING AND FOLLOWING DXPlOBU’BD
The animals ex

per cent the period between a profound but

nonfatal narcose state

and death was much longer;

to take place. Also, t

and permits considerable lung irritation"

products of itg docomposit,
25 per cent, profound nare
rritation of the lung
excoptional.

here was a probable action of vinyl chloride or

iop on the liver and kidneys. With
0818 Was presont aftor 90 minutes and

8 oceurred after soveral hours, but death waa

440 86 previous footnotes 3, 4, 5, 6.
V Cotton, BR. T., and Young, H. D.: The

fumigants. Proo, Entomological 8o¢. of w“n:n:lt::rbon o e foldal o«

! Bayers, R. R, Yant, W. P., Thomas, B. G. IT

6xposure to vapors of methyl bromid,
Bul. No. 185 (1929), 56 pp. o

¥ International Critical Tables, first

vol. 31 (1929), pp. 97-102,
» and Berger, L. B.; Physiological res,
y1 chlaride, ethy) bromide, aud ethyl chlo:ld:o n?u;tm

editlon (1027), vol, 2, p. 318, Also seo errata sheet, vol. 2

 Henderson, Yandall, ang Ha,
3 §8ard, Howsrd W.: hem V
graph No. 85, 1037, Chemical Oatalogus Co,, New Y}(‘)::.‘om fret Aneriean 0 el Boclty bono-
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* HEALTH HAZARDS FROM VINYL CHLORIDHE

With regard to symptoms and pathology, as well as the eﬁ'ecting'
concentrations, the response of guinea pigs to vinyl chloride appears
to be similar to their response to ethyl chloride* In equal concen-

_ trations end for single exposures, vinyl chloride is less harmful than

gasoline, benzene, chloroform, and carbon tetrachloride. _

The comparatively harmless response to concentrations of vinyl
chloride that will maintain a narcose state, together with its rather
pleasant odor, suggests a possible use for producing surgical anaes-
thesia. This could be produced quickly by high concentrations and
meintained with lower concentrations. Much additional work is
necessary, however, to ascertain the practicability of its use.

Vinyl chloride does not possess adequate warning properties of the
odor or irritation type. With concentrations of 5 per cent or less,
however, it gives warning by producing symptoms of dizziness and
disorientation in advance of harm, With higher concentrations the
narcotic action is very rapid and persons would have little time to
heed the warning symptoms before helplessnoss would ensue.

Vinyl chloride boils at less than ordinary room temperatures, As
a rule, it is contained in cylinders under pressure. This is conducive
to escape of thé gas; on the other hand, the high concentrations re-
quired to produce physiological harm minimize the danger from
leakage. There is, in fact, more danger from explosion than from
harm to health from exposure.

ACKNOWLEDGMENTS

The writers desire to give acknowledgment to J. G. Davidson,
manager of chemical sales for .the corporation mentioned, and E. W.
Reid, senior fellow of this firm’s fellowship at the Mellon Institute,
Pittsburgh, Pa., for sponsoring the investigation, to R. R. Sayers,
chief surgeon, Bureau of Mines, for suggestions and advice, and to
H. F. Brubach, laboratory assistant, Bureau of Mines, for assistance
in performing the experimental work.

BUMMARY AND CONCLUSIONS

The acute physiological response of guinea pigs to air containing
vinyl chloride was determined. The concentrations of vapor and
periods of exposure ranged from those which produced death to those
which caused no apparent effect after several hours’ exposure. The
symptoms, gross pathology, and fatality are given with a discussion of
potential hazards.

1. The symptoms are principally those of narcosis. They range
from unsteadiness and motor ataxia to incomplete and, finally, com-

800eCerY

+ 8ee provious footnote 8.

1971

plete narcosis. The respirations vary from a rapid, j :
panying the 'beginning of narcosis atxc;ya later, slg\:,:g;ﬁ:vyg;;emm?j
d2. The principal gross pathological findings were conge'stion' and!
8 gm;} of the lungs, with hyperemia of the kidneys and liver. o
; . xposure to ?0 to 40 per cent kills guinea pigs in a very short
ime; 10 per cent is dangerous to their lives after 30 to 60 minutes’
exposure; and Q.5 per cent is the maximum allowable amount for
several .hom-s without acute disturbances of a serious nature -
4, Wlt.h regard to relative toxicity (concentrations causiné acute
harm), vinyl chloride is less harmful than carbon tetrachloride and
chLor?l{Erm, and is similar to ethyl chloride. o ‘
exposur: danger from explosion excefds the health hazard from_
6. Vinyl chloride does not possess adequate i i
of the odor or irritat.ion type. It gives wnr?xing, hg\mg bl;r:pr:;?x“x
ing symptoms of dlz.ziness and disorientation in advan:)o of han: [
except when present in exceedingly high concentrations which woul(i]'
cause almost mwlate helplessness and unconsciousness o
7. The narcotic action of vinyl chloride and its compar.ativoly low ;

toxicity suggest its possible use for surgiocal anaesthesia, i
3 " i

oot
o

DEATH RATES IN A GROUP OF INSURED PERSONS .-
Rates for Principal Causes of Death for June aud First Six Months of lm ‘“

The accom i . 3
o i it o T s By
oy o e s g i s g s
Rl e el b7 e Slad
(1:3; 8‘(!)5;; %%?;e?n‘;m?g; :OIL(Z .are based on \ausuia:;hm(:rfe:p?:og;:;gf .

t should be re; ' .
s S L
registration area of thepgﬁ}:;?;t:rges?.a por cent of the rate for thﬂ:‘ :

V!
N

JUNE, 1930 .
The death rate for June a ’ 0,
mong these persons was 8.3 1,000,

f.he lisame as {or June of last year, and the lowest rate for tll::r m;nth'
In the mortality records of the company. ! .
i ‘tsthcor.npgred with June of last year, improvement is noted for:
Phtheria, influenza, tuberculosis, pneumonia, accidents, and homis

August 22,1089° -
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