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HAND DISEASE SUMMARY %t

This {s a status report for the physicians of those plants of The B.F.Goodrich
Company, where cases of "hand disease' among polyvinyl chloride manufacturing per-
sonnel have occurrved. This information should be regarded as confidentfal and is
not_to ba disseminated or discussed except to B.F.Goodrich Management persoanel.

CLINICAL CASES

The basic characteristics of this disease have been described in an article by
Wilson, McCormick, Creech and Tatum in the August 21, 1967 JAMA, a copy of which (s
attached. The major portion of the cases that have occurred exhibit osteolysis of
the distal phalanges of the fingers and Raynaud's symptoms. We have obzerved a faw
cases with acroogteclysis and asymptomatic, and some with symptoms but without acro-
ostaolysis, A few cagses have shown suggestive lytic changes in other bones of the
body. Currently, the best method of determining the presence of the disease is by
x-ray. The B.F.Goodrich Company has been performing hand x-rays on all polyvinyl
chloride personnel every six months. The recognition of early acroosteolysis from
the x-ray requires the use of proper techanique in producing the film, and expertise
by the roentgenologist making the interpretation. Any Raynaud's symptoms that occur
among polyvinyl chloride manufacturing personnel should be regarded as suspicious.
Cases have been seen progressing from Raynaud's symptoms into marked acroosteolysis.

B.F.Goodrich Company )
Positive and questionable cases exist at three B.F.G. plants: Avon Lake, Louis-

ville and Niagara Falls. Some of the cases at these plants are asymptomatic and not
too definite.

At three plants - Calvert City, Henry and Welland - the single cases reported
are questionable. Including all positive and questionable casaes, the totals are:

Avon Lake 18
Louisgville 23
Niagara Falls 3
Calvert City 1
Henry 1
Welland 1

Acroosteolysis exisf; in one of the B.F.Goodrich's foreign affiliates.

Other Companies

Acroosteolysis has occurred in other polyvinyl chloride manufacturing companies
in the United States and Europe. We believe that up to twelve other companies in the
United States and Canada are involved, and at least three in Europs.

E2IDEMIOLOGICAL AND RESEARCH STUDIES

Tn the Fall of 1966 the B.F.Goodrich Company advised the U.S.A. and Canadian
polyvinyl chloride producing companies holding membership within the Manufacturing
Chemists' Association of the "hand problem". As a result, a research grant was made
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to the School of Public Health at the University of Michigan by M.C.A. to conduct
an epidemiological study. Nineteen companies agreed to participata by making hand
x-rays and completing detailed work histories of their manufacturing personnel.
This study i1s in the final stages of completion. The results should indicate the
incidence of the disease in the Industry, and perhaps its possible causes.

The B.F.Goodrich Company haa been pursuing the cause of the disease through its
own research efforts. It has employed the services of the Kettering Laboratory,
Cincinnati, Ohio, for both clinical studies and animal experimentation. Recently,
this laboratory has reported that it has reproduced the disease in hamsters.

The B.F.Goodrich Company has sponsored research at the Brooklyn Polytechniec
Institute on the effects of various chemicals on collagen tissue. -These studies
have not yielded any information as to the cause of the disease.

ETIOLOGY

The cause of acroosteolysis remains unknown. It probably is related to a
chiemical insult arising out of polyvinyl chloride polymerization. Any of the mono-
mers or intermediate compounds produced could be the cause. In addition to the
chemical insult, probably a physical insult and a personal idiosyncracy are necessary
for the occurrence of the diseasa. DBecause of the low incidence of the disease even
among polycleaners performing the same type of work and using the same chemicals,
it is probable that the personal factor plays a very definite part. Individuals
should not be used as polycleanera who have abnormal responses to temperature stress.
The cold insult hand test introduced into our plants about a year ago, should be done
prior to the assignment of any individual to polycleaning.

When the reports of hand x-rays are received by the plant physician from the
Akron B.F.G. Medical Center, it is his responsibility to evaluate the case, discuss
it with the affacted employee, and decide on the necessity of reporting it to the
proper state health authorities. However, no reporting to the state should be done
without prior consultation with The B.F.Goodrich Company Medical Director,

/4/ Lﬂn,é/// ke |

Rex'H, Wilson, M.

mj
6/724/68
ce: Mr, John Nelson
Mr., J.W. Miller, Jr.
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were measured in the morning and again late
in the alternoon exposure periods.

Subjective and ncurological responses were
measured before the subject. entered the
cthamber, 15 minutes after entrance, and at
I-hour intervals thereafter. Flannagan Co-
ordination and Crawford Manual Dexterity
Tests were conducted at nidmorning ‘and
_again in the afternoon. DBreath sampling be-
gan imnediately after the subject left the
exposure chamber. A 24-hour postexposure
urine sample was collected and a blood sam-
ple was drawn the following morning [or
SGPT, LDH, alkaline phosphatase, BUN,
creatinine, agd bilirubin determinations.

Analysis of Breath Data

The decay curves for the breath vinyl chlo-
ride concentrations were constructed by step-
wise multiple regression using a digital com-
puter. An ompirical relationship of the form
Concentration = [ (TWA, time) was sclect-
¢d from a choice of scveral terms, each based
on TWA and/or time. The resulting regres-
sion equation best represents the ordeved re-
lationship between breath vinyl chloride con-
centration, time-weighted average exposures,
and postexposure time.

Fach breath decay curve has an associated
standard crror of regression which can be
uscd to compute the confidence band for any
chosen-ievel of simificance. The 95¢¢ con-
fidence band for the mean of a group of ob-
servations was chosen in this case to describe
the statistical crror associated with the breath
data and the regression technique.

Results
Experimental Breath (‘un'c:
A total of 13 men participated in the three

concentrations of 50, 250, and 500 ppm pro-
ducing a totat of 160 wvalid breath data
points. Five of the six subjects exposed to 50
ppmt were re-exposed at 300 ppm 2 days
htcr. There was no measurable residual vinyi
chloride dctected on the breaths of the sub-
jects prior to the second exposure. Serial
breath sampling was initiated iminediately
after the subjects left the exposure chamber
and continued up to 20 hours fallowing the
exXposuTes.
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Tasce [
Experimental Human Exposure to Vinyl Chicride

Chamber

Concentration
_ (ppm) Range TWA*  Number of
5.D. {ppm) {ppm}  Subjects
39 2 63 53 48 6
61 8 289743 248 +
493 7 518471 39 4
<91 3 525478 491 7

ATime-weighted nm-u- aoccnlutm based ‘on 7.5 houns
including 3 0.5-hour lunch period in an uncontaminated
area.

»Caatinuous exposura for $.3 Bours.

r

Table 1 shows the analyzed concentration
to which the subjects were exposed. Calcu-
lations of the mean and standard deviation
of exposure concentration are based on chart
readings from the infrared spectrophotometer
taken at 5-minute intérvals over the two 3.3-
hour exposure peciods. The TWA is based
on the total 7.5 hours which included a 0.5-
hour lunch period in an uncontaminated
area.

The final breath decay curves intended for
use as an index to VCI exposures were ad-
justed 1o TWA concentrations of 50, 230,
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ﬂ‘ia ¥ DAILY VARIATION(Ig E(XTPV%E')JHE TO VCL VAPCR with contidence bands only slighily wrdg:r to dete
Ry b . than (h(zs_c from cafur_ollcitl human experi- could «
_1“5}{ T o ineats. The close similarity between these for aje.
*94\?3 i 2] curves and those constructed from controlled the ¢xt
’ ..;':';1 ] :i . - exposure data arc further illustrated in Fig- The
X %i}y‘ﬁ ' ’ C . . :::m-,,'. ure 8, : : neurol
T3 O BN - e . ificant
g'ﬁ :Ji : T Human Responses o ::.g:l::l
' §'u"l ";'!; a0 @ £  § From a subjective standpoint no signiticant ed du
YiEd il e T e T ) untoward affccts were noted at any of the labor.:
"g ? 50 Oors ot ihe Monh  sotrow st oxposure concentrations, The only complaints expasu
= 15l . Frouse 6. Variation in VCI vapor exposure for  were those of two subjects who reported mild canthy
g ; : S three shifts, - " headache and some dryness af their eyes and D .
3 ] :§- and 500 ppm (Figure 5). A 100-ppm decay nose during the 500-ppm exposure experi- : n.sc'u:s.
p ;‘E" S curve was interpolated frosn the available mc{rus. dor was d d by any . The
S H S data using regression analysis. These curves o * o OCOF Was detocted by anyoue cntering survey s
_Qﬁ N iy . A the exposure chamber at 350 ppm. At 230 inant, .
Gy ’} i B are presented with the calculated 959 con- ppin all four subjects entering the chamber late th:-
1] g fidence bands for the mean of a group of ob- .. | L2 L
‘d $3¢ ¥, ! initially reported that they could detect a onc i»
s yuk servations. very slight odor of the chemical. Five of the tration
o %}?_ Ja : Ou-the-Job Breath Curves . seven subjects entering the exposure cham- ments ©
‘;‘??j RE ber at 500 ppin were able to detect the odor on a -
ti T :h Ten workmen participated in the on-the-  of VCI, but after § minutes of exposure those conduci
it job breath sampling program, producing a = five were unable to detect it even with foreed vsis of
" - total of 91 usable scts of data. Ten percent inspiration. Three of the four subjects re- compn:
iz of the breath samples collected were discard-  entering the chamber after lunch were able valid
ed because of pipet leakage or poor sampling 1 exposn
techniques. 100 : On un
* Absolute breath levels ranged from about L] oty o sl g — constru.
« 20 ppm in onc sample taken less than 1 hour Ezg:lc’:"'{;:z}'&u’ﬁ::‘ﬂt I ; ing cont
after an 8-hour TWA of 250 ppm, to barcly vy T -~ agreenn
) cdetectable levels (<0.05 ppm) in sunples ! : ’ chamby
taken after exposures at TWA's below 50 = : should
m. . 60 ,-%\ — g = od for ..
ppThc extremely  broad variation in  the w0 c°"?“"c_t "?" The «
TWA's experienced by workmen during one 20 L ods sh.
of the periods in which breath sampling was. : circumes:
being conducted is demonstrated for three te L2555 sired. 1
shifts of men bearing the job classification o6 2% ing peai
“coagulator operator” (Figure 6). Minute, o tinuous
hourly, and daily fluctuations in the concen- 02 - trends a:
tration of a contaminant are most descriptive- o identify
ly revealed by continuous monitoring. This N 2 cquipiie.
method of sampling quickly points out the ::“ %% sOUrCes -
fallacy of judging TWA and peak exposure . E %‘{—1 lesuis e
eoncentrations on the basis of spot sampling 002 —— . vironnier
or periodic surveys of brief duration. hy reduc

o'mo 2 3 6 ] 10 42 14 % s 0

N arks rrelati we h
The remarkable corrclation between brean POST EXPOSURE Taf.nOURS

concentration and corresponding TWA wval- v 3 Breadhs d decived Conti:
. : ; . 1GURE 7. reath decay curves derived from )

ucs made it possible to consu u'Cl [l“,c SCHICS  yreath data cullected from workers {olMlawing on- tremely

of breath decay curves shown in Figure 7,  the.job cxposures ta VCI vapar (8haur TWA). ment ree,

uct.
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to detect a faint odor of VCI. One subject
could deteet a faint ador on deep ingpiration
for approximately 13 minutes after entering
the exposure chamber,

The exposare had no noticcable effect on
neurological responses, not did it produce sig-
nificant changes in the results of menta!, co-
ordination, or manual dexterity tests conduct-
cd during the exposure period. All clinical
Jaboratory “studics performed in the post-
exposure period were norial and not signifi-
canty different from pre-cxposure values.

Discussion

- .

The object of the cnvironmental health
stunvey is to identify the atmospheric contam-
inant. determine the exposure level, and re-
late this to the health hazard it presents. 1f
one is to judge hazard by ambient concen-
tration neasuretients, then those measure-
ments must accurately describe the exposure
on a continuing individual basis. A carefully
conducted survey combining continuous anai-
vsis of the work room atmosphere with a
comprehensive job study will provide data
valid for cstitnating time-weighted average
exposure,”

On the other hand, breath decay curves
constructed from breath data collected dur-
ing continuous plant monitoring are in close
agrecinent with those obtained from exposure
chamber experiments with. VCI These curves
should therefore be usctul as a second meth-
od for assessing exposure to VCI vapor.

The choice of whether one or both meth-
ads should be used depends on prevailing
circumstances and on the thoroughness de-
sired. For example, data uscefal in describ-
ing peak exposures are obtained (rom con-
tinuous monitoring.  Concurrently, exposure
trends and coneentration gradients may help
identify plant operationat inefliciencies itnd
cquipment malfunctons by revealing specitic
sources of emission. Correcting these prob-
lems not only vestores a healthful work en-
vironuent but often results in bonus savings
by reducing Josses of raw materiat and prod-
e,

Continuons monitoring, however, s ex-
tremely contls Dot B tne and inthe equip-

ment regnired. Fhie scope of dit acqgurired s
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Ficure 8. Comparison of beeath decay curves
derived from the on-the-job data and the experi-
mental human exposure data.

limited by the number of sampling probes,
and these probes are not always capable
of accurately measuring the individual's daily
exposure experiences, especially should these
tnvolve anusual incidences such as chemical
spills or exposures outside the monitored
area.

Breath analysis has the advantage of in-
dividualizing cach worker’s integrated daily
exposure. Breath decay curves, as an index
of exposure, offer a means of estimating the
average daily individual exposure on the basis
of a few breath samples taken serally in the
postexposure period,  Consequently  breath
analysis can be used to diagnose as well as
quantitate an exposure which has already
occurred. It is a relatively inexpensive and
simple methed which can be put into opera-
tion without extensive and costly preliminary
})X'L'})n‘.'i\lxﬂniv

However, postexposure breath analysis does
not provide information on the daily fluctua-
tions of exposure. and the peak exposure con-
centrations are not made evident by hreath
dat, Fiadly) breath analvas s not apphoa-
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ble to all chemicals, and breath decay curves
establishcd for one chemical are not useful
as an index of exposure to any other chem-
ical.

The decay curves presented here arc in-
tended to serve as an index of exposure to
vinyl chlovide vapor and are based on an
exposure duration of 7.5 hours for the experi-
mental exposures, and 8 hours for the on-the-
job study. The close agreement between the
two scts of curves and the narrow confidence
bands obtained in cach case demonstrate the
usefulness and accuracy of both methods
for estimating TWA exposures and indicate
the importance of breath analysis and the
need for expanding its use in evaluating ex-
posures to other widely used volatile organic
chemitals. '

No vember-December, [9GY
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" Notices and Dcadlines

It is the policy of the AIHA Journal to aceept and publish notices and
short items of import and interest ta our rcaders subject o the limitations of
available space. This is donc as a service to our profession and no fec is

" charged for such announcesnents.

Some notices are received too late to be carried to advantage in our Jour-

nal. Persons supplying announcements to us should keep itn mind the time
schedule of our publication. The Journal appears six times pec year with the

copies being mailed about the 20th of February, April, June, August, October.
and December. While emergency or urgent notices can be inscrted up 1o three
or four wecks before the mailing date, such cannot be assured. Norinally the
announcements should be in the Editors hands at least two months or more
before the issue in which they should appear. Perhaps these guidelines will

aid you announcement genecrators.
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Acute Inhalation Toxicity of Vinyl Chloride
to Laboratory Animals

E. MASTROMATTEO, M.D., A. M.

FISHER, Ph.D.,

H. CHRISTIE, B.Sc., and H. DANZIGER, M.D.

Divisior of Industrial Hygiene, Ontario

Department of Health, Toronto, Ontario;

Department of Physiological Hygiene, School of Hygiene, University of Toronto,
Toronto, Ontario; and Welland County General Hospital,
Welland, Ontario

Introduction

IRST prepared in 1833, vinyl chloride has

come into inercased usc in the last decade in
the production of polyvinyl chloride resins. The
fire and explosion hazard of the monomer and its
nateotic propertics on ucute exposure are well
known. As an industrial material, however, it has
been regarded as of moderate toxicity. A Thresh-
old Limit Value of 300 ppm was established by
the Amcrican Conferenee of Gavernmental Tn-
dustrinl Hygienists.

No industrial [ataditics associated with its use
have previously been reported. It was therefore
of speciad interest when two fatalitios occurred in
a plant handling vinyl chloride. This plant is en-
gagel in the polymerization of the gascous nono-
mer with the aid of eastalysts, One worker died
while elexning out a polymerization vessel and tha
other while working in o pit. Detuils of Chiese twa
futalitios have been reprted by one of the au-
thors!

Published information on the acute toxicity of
vinyl elhtoride to experimental animals proved
seanty. Patty, Yant wned Waite® in 1930 reported
on the acute response of guinea pigs to vinyl
chlorile. They found that exposure to 20 4o 40
per centin air killed guine pigs in a short time;
exposure to ten per cent was endured for severnl
hours. Congestion and edema of the lungs with
Liyperemi of the liver and Kidneys were noted.

Peoples ol Fenke? fownd the mimial anes-
thetic e of vinyd eliforide in mice exposed Tur
ten mrinttes was S to 12 per cent oo air; 25 to S0
e cent was fatal fn Len minates, Dogs and mdy-
bits were anesthetized within one minute when

exprosed to a concentrzdion ol aboul IS per cent
i air, Rtecovery was very mpid swith ao apparent
untownred elfeel even after prolonged anesthess.
Latunzon aned Flury® notesd that vinyd ehlorde
wits liighly nareotie bat ledd o wide margin Tes
tween i< nreotic wed dollad coneentrtions, {ts

local drribating clfeet aod s tosteity were elers

scribed as very slight. Elimination from the by
was very rapid. These authors quoted the wur
of Schaumann? with experimental animals, M,
rats and dogs were able to endure repeated nx-
cosis without any pathological evidence of tivi:
or Kidoncy damage. According to Schaummaur.
concentrations of seven to ten per cent in i
woukl be narcotic to humans in a short time an
12 per cent woulkd be dangerous.

Vinyl chiloride has heen studied as a pessit
anesthetie mgent. Oster and assoetates® noted
incoordinated museulnr netivity of the extrerd-
tics and cardine arrythmias of o scrious natus:
were observed in all six dogs used in their exper
ment. Carr zoul others® found that viuyl ehlaribe
praduced  sensitization of the myvocnlivm s
three of seven dags i which it wis adiniatstens?
us #n anesthetic agent.

Twa cnses of vinyl ehloride gassing oecurna! &
e faetory in Great Britain where polyviayl el
ide resin was being mieale, These were reportsd b
the Chicl Inspector of Fuactories® la one case
proeess worker wis standing outside a polymer
zatian vessel and washing it with n wator stnoo
After ten minutes of this he suddeuly w.lnp—-"
aeross the open manhole, Artificial pestseitnss
was suceessfully applicl. Subsequent sympt
expericnced by thix worker were tightness o
chest, naasen, adidominal pain sl hesdache.
seeomd cage oceurred i a maintenaee werss
who was overcome while repairimg a vinyl mlu-’ S
leak, Bothomen were lospitaized, Anothierwe o
whose lumds were aceidentally sprved =7
vinyl eloriele liepaid under pressure doveligsi
ben. This batter e was reported by Hae

Sueh burns mey oceur with othier Lighly \'\\':~'
ateriads when sprayed onto the Teoudso s o e

wieler pressure,

Filatova smd Gronsluerg!® i 1957 reported
i!\ siente copditions tnoa ])nl\\lll\l [‘l"'\“"‘;
|-l.sn!. e the SN :

e podyvinerization of vinel clidoride by e

The plant was cny
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dustrial Hygiene Jowrual

eatulyvst, Air sonplingg was done od the con-
ateation of vinyl eldoride was fonnd to vary
s about 20 ppm Lo abeut 3105 ppm. (USSR
reshiold Limat. Value: | agg/Zhiter or aboad A(0)
o). A spastie tepe Dlood vessel disorder was
weribed in worke s from this plant.

Heeause of the receent Ddalilies mentioned
Jove it was decided to undertake aeute inhaba-
o stadies in labovatoey suimals with commer-
ally available viayl chlovide, “This was dong both
Lrcampatison with eavhice work and Lo provide
slormation on the acute respanse and pathologi-
Aehanges in more thau one species of labortory
wimal.

iperimental Materials and Procedures

Vil Chlgride: The vinyl ehloride was supplied
»a metal eylinder wnder pressure. A commereinl
aade with the following specifientions was used :

setific xravity st 20°C 0.9%3-0.685
15er content None

3sling mnga *C -1l w —0.5
Srdroxen chloride content Nonc

xiylens 10 ppm tnaximum
eisldchyda 20 ppm maxiwam

~a Fasentinlly iron frea
- sity {per cent) 928 paximum
‘spuritics (pér cent) 0.5 maximuin

Pure vinyl chiloride is a colorless gas at room

~aperature; its boiling point is —13.9°C. It has .

“weetish odor. Its flash point is given at -78°C
Al its explosive limits in air fram 4 to 22 per
at. 1t has the malecular formula G CHCL
Anfmals: Mice, mats and gainea pigs were ysed
_ihe study. Test and control animals were taken
~m the same laboratory stock. All were fod a
-adard commereint dict and housed in the same
v, All were of the sne stage of development.
Fodpment: The inhalation vhamber capacity
5 36.6 liters. It was equipped with a viewing
adow and an inlet tube. Vinyl ehloride was re-
i gaseous form through an adjustable
Ave on the top of the containing eylinder, then
ugh connecting rubber tubing and a recali-
-tesl Fisher flow-meter. Fresl air was pumped
“motor at an adjustable controlled rate through
Jaeter. The streams of air and vinyl chloride
e vombined at appropriate rates of fow by a
Jss Y-tube leacling through further rubber tub-
zto the amimal chanber inlet, to deliver a
“thing stream e the <desired  proportions,
rulutions and adjustments were made to pro-
o the Tollowing flow concentrations of vinyl
stilde in air for delivery: 10, 20, 30 and 40 per
4. All coneentrations are expressed in this re-
1as per cent by volume in air. No determina-

3045

tivns of vinyl ehlorkle concentrations weve done
in the test chamber during the experiments.

Frperimental Procedures: Different gronps of
five aniee, five mts and five gainen pigs were
placed in the chamber and exposed for thirty
minutes Lo concenteations of 10, 20 ane 30 per
cont vingl ehlovide in aie. Similar groups of con-
trol animals were maintained but not exposed to
vinyl chloride. At the end of thirty minules ex-
pasure the lest avimnls were immediately  re-
moved ta fresh air, An adiditional group of five
guinen pigs was exposed to o eoncentration of 40
per cent vinyl chloride in air, Tn all 65 experimen-
tal animads were involved. Qlservations were re-
corded on the aninuls during and after exposure.

The animals which died either during the ex-
posure or after a delay period were autopsied soon
after death. Two weeks after the exposure sur-
viving test animals and controls were sacrificed
by a blow to the head with the exception of four
control rats which were killed by exsanguination.

All animals were exnmined for gross pathologi-
cal changes. Tissues were removed from all ani-
mals for microscopic cxamination. The lungs,
liver, kidney and heart were removed in all
cases. The brain, adrenal, spleen, trachea, lymph
nocles, and the eye were removed from represen-
tative animals in cach group for study. The tissucs
were preserved in formalin and sections made for
staining with hematoxylin-cosin. Special stains
were made where indicated.

Observatians

Control Animals: No symptoms were exhibited
by the 15 control animals and no deaths occurred.

Ten Per Cent Vingl Chloride: The response of
animals exposed to this concentrution is recorded
below in summary form:

Ezxposure Time

{minutes} Response
1 Slight irritation in mice and rats.
$ Incrensed meter setivity fissy in mice,
then mis and guinea pigs.
10 Increased motor activity in all species;
twitching of extremitics ia mice.
15 P d . teady gait and
muscular incoordination io alt specica.
20 Mioce nnd rata in side poeition; musculse
incoordination, treinots and twitching
of extremities in guines pigs.
25 Mice and rata unconscious, guinen pigs
very unsteady but still standing.
30 Mice snd rais in decp narcosia; guinen
piga in side position witli tremors—ane
uncgnacious.

Exposure was stopped and the animals removed
_to fresh air. All recovered within five minutes.
Twenty Per Cent Vinyl Cldaride: The response
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of animals exposed to this concentration is re-
corded below in summary form:

|
|

October, 15;.

TaBLe [
Number of Deaths in Different Groups of Fie

Exposure Time Response Mice, Rats and Guinea Pigs Exposed for Thiety
{minutes) Minutes to Varying Concentrations of Vil
H Immediate irritation in mice and rata. Chloride in Air
2 Musculur incoordination in mice and _
™, . . Vinyl chioride Laboratory animal ’
3 Mice and ruts on their sides with markoed concentration
tremors und twitching of the extremi- {per cent by i . - 1 Toual
ties: u diness and Int inco- volume in air) Mice Rats  |Guinea pigx
ocdinntion in guinen piga. —"—:—'— g
10 Mice und rats unconscicus with rapid 10 0/8 o/ c/8 I 0,15
irregular breathing; guinea pigs un- 20 178 0/% /8 1934
conscious but aliowing mmarked twitch- 30 §/5 5/8 15 l 11/15
ing. 40 i —_ /8¢ : 25
15 Allanimulsin deep navcosis; respirati i
irregular and repid. Total 8/18 5/18 3/20 } s
20 Deep narcoais; breathing slow and shal-
low. * A delayed death oceurred within 24 howrs following cxpora.
25 Arcathing coused in one niguse; {rothing
at mouth xnd nostrilsin mice nnd mta,
30 All snimals in deep narcosis. Forty Per Cent Vinyl Chioride: Only five guine

Exposure was stopped and the animals removed
to fresh air. Mice and rats recovered faster than
the guinea pigs anck appearcd normal within five
minutes except for one mouse which was dead.
The guinen pigs contivued to show muscular in-
coordination, utstendiness on their feet until 20
minutes after removal fram exposure,

Thirty Per Cent Vinyl Chloride: The response of
animals exposed to this concenteation s recorded
below in summary form:

Fxpemcure Time

{ininutes) Response
— Mice wbowedd irritation inunediately nnd
the nay shuwed drritation quickly
thereuftee,
t Musculer incourdination in ice nad
s,
2 Mice nnd rsts in mide position with

wnrked trewom und twitchiog of the
exteemition; Jauscuint iaoordinution
it guitnen piga with developing prndy-
siz of the extremnitios,

F All aniitnls wnconacious; mpid irregitinr
reapimtions in mice and mts with
frothing about nose nnd mouth;
twitching of extrenmities stili occurred
oceasionally in suines pigs.

10 Respirtions atoppet in mice; bresthing
slow aaed shalow in ods] guiaes pigs

aull shibited  oeeaional twiteling
tveraendn of L exireinties,

15 Hrvatbing atoeaal ba vntal respitndions
mbose o] shindlow jev gninen g
twitelong ol extremition =il peesent
I ]

k[ Mie

szerctman with slow slailbaw hesuthing

sl rat

A5 g piges in devep

Exposure was stoppedd ad the animals semoved
to feeslt wirs Thee mive sod mts were desd, Fhe
guinen pis touk 20 nanutes (o return o their
norma! appearanes sand aclivily, One et pig
fram this geonp died within 210 hours following
CxpuIsure,

pigs were exposed to this concentration. Signs of
irritation were immedintely apparent. Museulse
incoordination appeared within scconds. Aiter
five minutes alt the guinen pigs were unconscons
with slow shallow breathing, At the end of the
expusure perind one gainea pig was ded and the
remaining four were in deep nareosis, These sur
vivors took 30 mimites to return to their nore
appearance and activity, but one died within the
following 24 hours.

The vamber of deaths oceurring in different
groups of five Inborntory animals exposad for
thirty minutes to varying concentrations of viny
chiloride in air is shown in Tuble 1.

Pathological Findings

Cirass pathologieal and histotogienl studies wens
carrivid out. The findings are summearized below.

Cuntrol Animals: These animals showed no
gross ot micruseapic evidenee of damayge.

Pon Per Cent Vingl Chioride; ANl test aninals
survived this exposure. They were saerificed tae
weeks later. On gross examination there was evi-
denee inmice of =light hvperemin of the lung
This was less marked i rats. Goinea piex showe
o ditferenee front control anunnds, On histol
exanmitztion the mice showed very stight etwons
ment of the pulinonary vesselss (e motse
showe] degenerative elhanges in the tubular eps
thebi of the hidney with Livdropic swe
The rats showed slight comrestion of e ey

tes e e lengg, Taanes i The guinen pis were :
slightie wore livperenie than those of the cantee
aninls,

Twenty Por Cond Viag Cldoside: One mous
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“hustrial Hpuione Jowrnal

coreraent of ther Blosend vesseicin the Tone with

b srens of atelectasi ond amininl eden,
by sre

s in Hhe epitheiinmy of the comvoliuted ta.

s, .. .
Q The text :lu'“n:l].\ arviving this CNPOSUTES Waere

Lepiliee b in LW weehs, Du wross enaminstion,

P estion of the lungs was preesent in all speeies,
8 atit was more marked e the mibee il s than

cthe ginen ].igpz ”islulltgi:'uﬂ_\'. therr wies ovy-
8 caee of pulmonnry conaestion o exposell ani.
s, Nome fatty onfiltmtion was present in the
Serof one rat. N other Gesnes studied appeared
al.

Thirty Per Cent Vingd Cldoride: Gross examina-
Saoof the animals which dusd as a result. of this
aestire revealed congestion of the Jungs with
.:-unrrlm;_'iu arcas. The mivee aond rats o addition
fawed congestion of the diver aod Kidoney, The
arseninen pigz denth was sdeloced, I this aninal
et was harked congesxtion of the Junes with
morehagges vl the Tiver was disended aned very
Sbles e noerosenpie chamges e the anbals
sl il inehwded mzerkesd engorgement of e
Smonary blood vessels withe edem amd henyor-
Egees 10 Phe Junps, The teaehen ol ane pat shiowed
erlicial desquamation of the epitheliom. Can-
Cation was also evident in the fiver and kidney
2 2the mabee and mabs The liver of the guinen pig
ahieh had the delayed death showed severe fatty
aenerntion of the liver vonfirmed with frozen
cadions stained with Radan 11,

The four surviving guinen pigs weer snenfiecd
s weeks later, Marked pilmonnry congestion

# present with hemorrhagie areas and edema.

sone ease there was evidienee of secomdary bae-

“mal infiltration. The liver in these guinen pigs
e the appearanee of [atty infiltmtion but no

Lwas demonstrated on frozen seetion.

Forty Per Cent Vinyl Chloride: One of five
anea pigs expored to this concentration died

ising the exposure and another died within 24

ars, The two whielt died shawed marked con-
stion of the Jungs with liemnrrhages on gross

amination, This was alsa evident on miero-

«pie examination. The liver of one of these gave

» appearance of {atty infiltration, but no fat
_ ahl be demounstrited on frozen section.

- The three surviviog guinea pips were sacrificed
fwo weeks later. Marked congestion of the lungs

- Shhemorrhage was evident on both the gross
sl microseopic examination. In one guinea pig,
™ ~tmecheal epithelium was completely absent.

* Pathological studies which were made of the
.I':; ; 7un, heart, spleen, adrenals, Iymph nodes and
ay - exes showed no difference between controls
. “Lanimals dying as a rcsul_t t_)f exposure or be-
| i controls and the surviving animals sacri-
T

“ o Rl lnevs showed  mantmal desememtive

Nilrd

ficed two weeks after exposire,. There was o
tenedeney Jor the blood to remain snelatted i the
anbmals dyvaes daring expesure, "This featare was
noted in Lhe two human fatalities mentioned enr-
Bier but it is nol agpeerie eleimeteristie of vinyl
vhdoride,

Discussion

Fhe response of gamen pizs o inhalation of
vinyl ehloride was similinr 40 it reported by
Patty, Yant and Waite, The guinen pigs i our
stady, however, toleratisd a mreater exposure Jdue-
ing the experimental period than either the mice
or ratz. The results in miee agreed closely with
thoxe reporterl by Peoples andd Leake. Rats were
similar to miee in their rexponse, -

The pmthologieal ehanges i animnls which
dicdd as e restlt of exposure were mninly those of
vaseulnr engorgement, of the lungs with hiemor-
rhages and aildema, The severity of these changes
varied with the severity of expssuane, In thie higher
eoncenteations, pulinonnry change was nrked
with =evere damngge to the Lenehend epithelion.
Congestion of Lhee liver mnd Kidneys aba oeenrnnl
i test antmds, These eluges e sumilar to
those reported by Patty and associntes.

Yvidence of pulmonary congestion was still
present in surviving animals sacrificed two woeks
after exposure, Patty nd associates reportasd that
sueh ehanges hust disappearald in about cight days

Degenerative changes in the tubudar epithelinm
of the kidney were noted in one mouse dying as n
result of exprmure skl in one mouse saerificed
two wecks after being exposed, Such changes,
however, were minimal and not shown by other
animals in the group.

Ome of the guinea pigs with defayed death fol-
lowing exposure showed severe fatty infiltration
of the liver. Changes supgestive of fatty infiltra-
tion woere observed in other exposed animals but
not vonfirmed by frozen scctions staincd with
Sudan III,

Summory

Separate groups of labomtory animals com-
prising five mice, five rats and five guinea pigs
were exposed in an inhalation chamber to concen-
trations of 10, 20 and 30 per cent vinyl chloride
in air for 30 minutes. An additional five guinea
pigs werc exposed to a 40 per cent concentration
for n similar period of time. The response by each
of the three species to these concentrations is
noted.

Inhalation of these relatively high concentra-
tions produced narcosis and death. Mice were the
most suscepiible with guinea pigs considerably
more resistant. Rats were similar to mice in their
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response. Exposure to ten per cent vinyl chloride
in air produced deep narcosis in mice and rats
but no deaths; 30 per cent concentrations killed
mice and rats. Exposure of guinea pigs to 20 per
cent produced deep narcosis; but three of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dying as o result of exposure were
autopsied shortly after death. Survivors and con-
trol animals were sacrificed two weeks later.
Gross pathological and microscopic studies were
done and these findings are described.

The principal pathological changes in animals
dying from exposure were congestion of the lungs
with pulmonary edemu and hemorrhuges in some,
and congestion of the liver und Kidneys. Failure
of the bloud to clot was also oliserved. One of the
three guinca pigs which died following exposure
showed severe [atty infiltration of the liver.

Survivors sacrificed two weeks ufter exposure
showed little difference from the control animals.
Pulmonary congestion was still evident but liver
and kidney cotgestion wis not.

October, 15
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(PR 18 YEARS THE AlIIA QUARTERLY was the publication of AIHA, then
in 1958 it was changed 1o be the AIITA Journal with six issues per yvear instcad
of four. Now limitation of storage space i3 foreing us to dispose of all back issues of
the Quarterty. For individual issuex quantitivs on haned vary from n low of 8§ upward.
All issues exeept March 104G (Volo 7, No. 1) aml June 1956 (Vol. 17, No. 2) are
available ax we go Lo press, Some issues are reprinted without cover. The cost is
81.50 per issue (3100 caeh when more than three izstes are ordered) from Volumes
7 throweh 18,

= Fram 140 Lo 1046 ATHA Quarterly appeared as a sectton in Industoial Medieine

and Rurzery, however these ixsies of these sections have been reprinted and are
availalibe a= o unit. The camplete reprint, Vols. 1-7, costs $10.00 to members, and
85000 10 campanes or departments of government. Handsomely bound, complete
sl of Vol =18 with enmmlaive index are available for $250.00 e sel.

Address all arders 1a: Gearge D0 Clayton, xceutive Seeretary, ALY, 1HE2S
I"revast, Detrmt 27, Miehigan,
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Presentation to the Working Group on
Toxicity of Vinyl Chloride~Polyvinyi Chioride
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New Yurx City, New York
May 11, 1974

"ENVIRONMENTAL CONCERNS SEYOND THE WORKPLACF"
’ Glenn E. Schweitzer
Director, OFffice of Toxic Substances
Environmental Pratection Agency
Washinqton, 0. C.

Quring the past several months vinyl chloride nas awakered - ..
elements of the environmentai community to the presence of the plastics
industry. In some respects it is fortunate that we have been alerted
in a rather dramatic fashion to the need for greater attention_to this
important segment of our industrial base which will surely continue to
expand in the years ahead. While this symposium i{s directsd Lo tre
existing and potential risks involved ir the manutacture  HiLriuutens,
and use of vinyl chloride monomer {VCM) and polyviavl ¢nlo. ”ie (Pyvii,
many of the types of consiaerations and uncortainfiec the! min Laave
these deliberations undoubtedly charactarize a tar broader swathe of
concerns over chemicals in general. Hopefully, we can extrapalate fron
our current experiences with VCM and PVC in identifyina proZjem. wirh
other potentially important commercial chemicdis earlv in 1he. cury
onic stage and thus minimize the economic disiocations attendan. o
corrective actions.

Unfortunateiy, the proposea Toxic Substances Control Act has heen
lodged in a Joint Committee of the Congress for ten months itas. A
very powerful tool for addressing the vinyl cnioride prorlem. andg
similar problems with other chemicals. in an agaguare manp=> (¢ an
availabie to the federal Goverament. We musl relv on vthar LLatueory
authorities and on tne power of persuvasion i our erforts to ingurs
that our population is not peinq unnecessarily exposed teo concerirations
of V€M and other chemicals used in connection with VIM Tt is narticu
larly distressing that until this statutory avthoritv is cr I7¢ Coees,
the Federal Government wil.: not be egquioped - :n terms of »- 2 nead
perso,nne'n and _5upport‘ir-_q FRLGUICES - T0 3rdpdie  waita Che intrigdries
of this type of toxic 3uusvance probiem in 3@ manner which wili insuce
fuil attention 7o the bajancing nf risks and benefits.

Today I will report to vou on tne preliminary inves! o . an wnder
taken by the Environmental Protection dqency Guciaa rhe e e
months. we are stiil severa: weers away from reaching even tentative

conclusions as to whai aaditiundl steps, if any, shouia be Taken hy ns
Agency concerning VOM/®VE activities. Our monitoring dars are not yet
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