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Effects of Single and Repeated Exposures of
Humans and Rats to Yinyl Chloride
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@ Rauws exposcd eight hours daily to vinyl chloride at concentrations of 2% for

three months and 55 for 19 days cxhibited changes in liver and spleen weight
and in red and white ccll counts. Except in the case of liver, tissue alterations did
not accompany these changes, The alterations in liver morphology were within
the normal range and werc not puthologic in character. Because ather facets of
the animals’ response, such as rate of growth, serumn transaminase and hemoglobin,
were unchanged, it is suggested that the present threshold limit value of 0.03%

need not be lowered.

Introduction

THE TOXICITY of vinyl chloride has
been reviewed recently.:®3 Because the
threshold limit value of 500 ppm is based
on limited data* using vinyl chloride less pure
than that now obtainable® the effects of
acute exposure in man and rats and long
term cxposure in rats was investigated by us
in 1959 and is described here. Our data
do not support the conclusion of Torkelson,
ct al.® that the threshold limit value should
be reduced ten-fold; indeed their data indi-
cate a need for further studies prior to any
revision of the threshold limit value.

Material

The vinyl chiloride monomer was supplied
by the Perkins Plant of Solway Process Di-
vision, Allicd Chemical Corporation, in four
100 b, cylinders with the characteristics
shown in ‘Table I, presumably differing ma-
tevially from  the vinyl chloride used by
Torkelson, ¢t al® only in the presence of
50 ppin of the inhibitor, phenol. Gas chro-
matography of the liquid phase indicated the
presence of niore than 999 vinyl chloride,
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together with a trace of air and carbon
dioxide.

Tanrr |
Analysis of Vinyl Chloride Monomer

Acid 2.2 ppm
Acetviene 0.0
Aldehyde 1.9 ppm
Iron 0.0
Sullur 0.0
Phenol 60 ppm
Non. Val, 11 pom
& 13 5
Anay 9+%

Methods

Experimental

Desired concentrations were obtained by
metering air and vinyl chloride through flow-
meters calibrated for these guses and pass-
ing the appropriate flows through a 2-liter
mixing chamnber. The concentration was
also contintiously monitored by a thermal
conductivity mcter calibrated for vinyl chlo-
ride versns air. The desired concentration
of vinyl chloride was maintained with less
than 5%% deviation. The total gas flow
was about 50 liters per minute {Ipm) in all
but one of the experiments.

Five experiments were conducted: (1) a
five-mdnute exposure of human heings to
voncentrations of vinyl chloride ranging from
0.0 to 2.05¢; (2} an exposure of rats (Sher-
man steain rats from Rockland Farm, New
City, N. Y.) for as long as two hours with
concentrations up to 159 ; and (3, 4, and 3)
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exposurcs of rats to concentrations of 8 to
10% for 15 days, 50 for 19 consccutive
days and 29% for 92 days.

Pathologieal

The cxperimental and control animals
were killed by cther inhalation after expos-
urcs 10 2, 5 and 8 to 1095 vinyl chloride
were completed. Each animal was autopsied
according to standard practice. In addition
to the gross examination of all animals, all
the livers, kidneys and spleens were examined
microscopically and some animals reccived
a complele microscopic examination. Heart,
Jung, liver, spleen, urinary bladder, testes,
prostate, ovary, brain, spinal cord, pituitary,
tibia, pancrcas, stomach, small and large
intestine, adrenals, kidueys, uterus, faflopian
tubes, thymus, thyroid, parathvroid, eye, kace
joint, bonc marrow, skeletal muscle, salivary
glands and skin were removed {rom each
animal and preserved in 109 buffered for-
malin. All tissucs were cxamined grossly
both at autopsy and after formalin fixation.
Following fixation, representative samples of
all tissues were processed according to stand-
ard histological proccdure and stained with
hematoxylin and eosin; separate specimens
of liver were stained for fat with the Flam-
ing Red technique, The animals recciving
such a complete examination of the tissucs
listed included two males and one {emale rat
that had been exposed 15 times and one
female rat exposed ten tirnes to the 8 to
10% level; cight experimental and nine
contrdl animals surviving the 5%e exposure;
and 20 randomly sciccted rats, cqually di-
vided as to experiimental and control groups
and to sex, exposed 10 262 vinyl chioride.

The marked increases in liver weight ac-
coinpanying the exposutes to 294 and 5%
of the gas, the decrcase in spleen weight in
the 295 expsoure and the reported kidney
changes in~exposure to 500 ppin® led us to
examine these particular tissues with a blind
technique, thus cxcluding the operation of
any bias or prejudice from the judginents,
AUl slides, including duplicates, were ran-
domly nubered so that it was impossible
to distinguish, without the code, which had
been experimental and which control. The
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slides of the liver. spleen, and kidney were
examined and classificd. then recoded and
re-exantined : in this manner a wieasure ol
the consistence and reliability of the pathol-
ogist’s technique was obtained. This con-
sistency was nearly perfect in the case of
liver slides, and only slightly less sa for spleen
and kidney. The rcsults of these ‘examina.
tions arc reported in the appropriate follow-
ing sections.

Results
Experiment |

Because the main objective was the deter-
mination of the vffect of long term exposurt
to vinyl chloride, the maximuin concentri-
tion of the gas to which humans migit
conceivably be exposed without any fmnme-
diate acute effects was deternnined; this con.
cenuration then became the basis for deter-
mining the concentration used during the
92-day cxposure of rats.

Three men (26, 35, 50 years; 86, 78, 73
Kg.) and threc women (25, 40, 53 years;
64, 52, 61 Kg.) were cxposed twice cach
day, separated by a 6-hour interval, for
three successive days to six different con-
centrations of vinyl chloride: 0.0, 0.4, 0.8,
1.2, 1.6 and 2.0G. The concentrations were
presented in a diffcrent order to cach sub-
ject to make it possible to factor out any
possible adaptation to cither the gas or the
experimental sitwation; the 0.09¢ concentrit-
tion was included so that some assessient
of suggestibility could he made.

Until its conclusion, the subjects were tokd
ncither the ¢ffects to expect from thie expos-
ure nor the purpose of the experiment; nor
was information vouchsafed as to the con-
centrations that were used at any time. The
subjects each sat in a chair separated from
the gas mixing cquipment by a sereen, @
simple plastic breathing mask affixed over
the face, covering the mouth and nose, The
rate of air or air-gas mixture passed throngh
the mask was sufficient (50 lppn) to prevent
any dilution effcets from the aunosphere.
Alter five windtes of breathing the mixture.
the exposure was terminated and the sub-
jeets were asked o compare their ferlines
at this time w0 the tine immediately

AP00023598




Industrial Hygicne Journal

prior to putting on the mask; no suggestions
of any kind were made. The responses of
the subjects are swmmarized in Table II.
It is apparent that the maximum concentra.
tion causing no cifect in any subject lics be-
tween 0.8 and 1.205. From the responses it
is cvident that vinyl chloride causes clear-
cut intoxicating symptoms which can serve
as adequate wamning signs of its prescnce.

Tanve IT

Responses of Human Subjects to Varying
Conecentrations of Vinyl Chloride

Per Cent

Concentration Response

00 No differences revorted by Subjects 1, 2, 4, § and
6, Suhjcet 3: *“slichilv dizxy’’.

0.4  XNo ditferences reported by ali subjects.

08 No differences reported hy Subjects 1, 2, 4, 5
and L. Subject 3:  ‘slichtly heady”.

12 No differences reported by Subjeess 1. 3, 4 and S,
Subject 2_umure, somewhat dizzy in middle of
expowre. Subjcet 6, reelimg, swimining head, *‘juse
like eetting eas’”. K

1.6 No_eflect repored by Subject 5. All athers repost
various degrees of jutoweation with disziness, lighte
hradeduess, some nawsea. dulling of visual and audi.
tory cties; these svmptoms disappeired rapidly upon
termination of the exposure. |

2.0 AR subj separted ating effects, Subj ]
reporting a headache that pernisted for 30 minutes,
These symptoms appesred earlier in the exposure
than at 1.67% aad 1he symptons were more intcnie
than at 1.6%.

Expcriment 2

To gain further insight into the intoxicat-
ing effects of vinyl chloride rats were ex-
posed to varying concentrations of vinyl
chloride for periods up to two hours. The
clluent gas fromn the mixing chamber, at
the desired concentration, was pussed through
a 10-liter all-glass exposuwre chamber con.
taining two rats. At a 597 concentration in-
toxication is moderate but the righting re-
flex is lost; intoxication is more intense at
6% but the righting reflex is still present.
This rcflex is lost at a concentration of 7¢%;
the corneal reflex disappears at a concentra-
tion of 10¢. On renioval from the chamber,
the animals return to the pre-exposure state
rapidly. Onec-animal was sacrificed after ex-
posure to the 109% concentration and showed
no visihle gross pathology. Fxposure to a
concentration of 159 resulted in deep anes-
thesia within five minutes. Effusion of fluid
fromn the mouth preceded respiratory failure
in one rat after 42 mimites; autopsy revealed
edeta and congestion of the lungs. ‘The sce-
ond rat was maintained under this deep ancs-
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thesia for two hours; on rcmoval to air,

there was an unevent{ul and prompt recov-
ery.

Expreriment 3

Some notion of the distinctive and specific
pathology that might be caused by vinyl
chloride was our object in exposing rats to
a concentration of 10%.

Thirty-six rats, cqually divided as to sex,
were divided randomly into an experimental
and a control group; the 18 experimental
rats were exposed to the gas in a 1100-liter
steel chamber. The concentration was initial-
ly raised rapidly to the desired level by ad-
mitting vinyl chloride without admixture
with air until the cfiluent from the chamber
attained the desired level as noted on the
thermal conductivity meter. A fan within
the chamber, connected by a flexible cable
to an clectric motor outside of the chamber
(thus avoiding the hazard of an explosion),
mixed the vinyl chloride with the air with-
in the chamber. Thereafter, the effluent
from the 2-liter mixing vessel was admitted
to the chamber; to conserve gas, the through-
put of this highest concentration was 20
1pm.

The experimental rats were exposed daily
from 0830 to 1630 hours while the control
animals were exposed [rom 0000 to 0B8OO
hours, At =this concentration, as alrcady
noted, rats lose consciousness, regaining it
fve to ten minutes after removal to air.
Alter two consccutive 8-hour exposures, how-
ever, the appearance of the animals sug-
gested that there would be no survivors if this
concentration were maintained for the cone
templated 15-day period; consequently, be-
ginning with the third exposure, the con-
centration was reduced to 8%. The test
was interrupted for one day after the sev-
enth daily exposure because of a mechanical
breakdown., Of the group exposed in this
fashion, three fomale rats died, after the see-
oud, fifth and fourwenth exposures; the two
animals that dicd carlivst woere replaced with
subistitates for the remaining exposure  pe-
viod; cight female rats were thus alive at
the end of the fifteenth exposure.  Female
rats exposcd 10 and 15 times were autopsicd
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Tam.r 11
Classification of Morphivlogic CGhanges in Livers

Alay-June, 196

Tams 1V

Classification of M«trpln“up;ic'. Changes in Kidueys

Cha Deswerintions

Class Description

1 Na swelling, no varuoles, sinusoids visibile.

2 Slight sweiling of colls, only a {cw faint vacuoles or
none, smmoulsA\'i:iblc hut eomprewrd.

3 Moderate swelling ul cells, most cvilv with definite
fine to medinin vacuoles, sinusoids conpressed.

4  Marked awcliing of eclls, large irreguiar “vacuoles’
or clear ipaces, compression of sinuswids. Changes
seal in distribution.

$ Similar to 4 but changes more widespread and
diffuse.

Cells well preserved, no vaeuoles, glomeruli normal.

2?2 Vacuulization and “mknusih’’ of some coliccung
tubules.  Otherwise as |, L

3 At 2 hut with more cxteusive vacuolization and
“pyknosn’” including proximal colleeting tubules in
eoricx.

4  As 3 but with vacuolization and *'pyknasis’ extend.
ing to coavoluted tubules.

at the termination of the exposure; the re-
tnaining six rats were autopsicd 15 days
later, five of these rats having been exposed
15 times and the sixth rat 13 times. The
mortality was greater among the male rats:
only two males survived 15 cxposures, the
remaining males, and their replacoments,
surviving only an average of cight exposures.
The two male rats exposed 15 times were
autopsied at the termination of the exposure.

There was no weight gain in the initial
days of the exposurc to this concentration, al-
though after the ninth day some resumption
of growth scemed to occur, possibly an in-
dication of the development of tolerance to
the effects of the gas as the cexposure con-
tinued. Upon termination of the exposure,
growth resumed promptly at the same rate
as the control animals. DBoth at the 16th
and at the 30th days, there appeared to be
no differences in liver: body weight ratios
between cxperimental and control rats, al-
though too few livers were weighed at the
termination of the experiment to make mean-
ingful comparisons of this ratio.

The external appearance, coat and tail,
of all the animals was within normal lmits.
About a third of the animals had parasitic
liver cysts. No diflerences in appearance,
color, consistency or degree of congestion
were abserved between the livers of experi-
mental and control animals. The lings of
three experimental animals sacrvificed  ime-
mediatwly upon cessation of the  exposure
had numerous focal fibrinous pleural exu-
dates overlaying nodular yellow-hrown pa.
renchymal lesions which had the appearance
of regions of acute necrotiving focal pnen-
monia. Of the six experitental animals
sacrificed two weeks aflter the exposure, the
lungs of two revealed a few adherent fibrous

pleural adhesions which were interpreted as
representing  regions of healed pncumonia.
All other organs and tissues were within
nonnal limnits, with no differences between
cxperimental and control animals.

The experimental animals sacrificed at the
termination of the exposure received a conmi-
plete histologic cxamination. The lesions in
the lungs of the three animals in this group
showing gross pleural pathology were seen
to be duc to acute focal necrotizing pneu-
monia in varying stages of organization.
Some pulmonary cdema was present as well
as diffuse infiltrates of mononuclear cells
in the alveolar septac. Some areas of ncta-
plasia were present in and near the regions
of pneumonia and were interpreted as sccon-
dary to the pneumonia.

The parasitic liver cysts seen grossly were
confirmed microscopically. The liver sections
stained for fat revealed individual variation
of some degree but no significant deviation
from normal. The coded slides of the livers
were classed according to the descriptions
in Table IIl while kidney and spleen were
judged according to the criteria in Tabley
IV and V; Figures {, 2, 3, 4, and 5 arc

TaoLe V
Classification of Morphologic Changes in Spleen

Class Deseription

1 Average »ire [ollicles, littic or na congestion, hakanee
hetween hymphincyies, geeminnd epithelivm and dugers
stitial tissue. . B

2 Obvitn congestion. no chance in (oilicks o epitheli-
um, valume of geominal aenters o than volume ol
perinheral hanphoevies, .

3 Cenminal centenn approximately same ‘\'ﬂllllllt as peris
}nlwvul Juphacyts, moderate conevstion,

4 nereaswed  qwmber . of  hmphoeytes,  byperplasia ol
germinal centers (greater than volume of peripheral
Iymiphosevied),

5 Active hvperptisiar 2 clawes of tymphoeytes, {3)

celintely araund germinal centers containing

iphioestes sunonnded by (2) o penphersd

roue of sl ok hanphoestes, .

$  Lympluerviie hyperphiis esiending to inelude it
of the intentithum,
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Fioures 1-5. Rat livers,
illustrating the morphologi.
cal classes described in Table
III: (1) Class I; {2) Class
2; (3) Class 3: (4) Class 4;
(52), Class 5. H & E stain.
x

. .

illustrative of the class descriptions in Table
III. There were no significant differences
in the scoring of the groups, although there
was 2 class 5" and no class “3” in the rats
killed at the termination of the exposure,
whercas there were no livers in class “5”
among the control animals. There were no
class “*3"” livers among the cxperiniental rats
killed two weeks after the exposure; the
slides were cvenly divided between scores
of 3 and 4.

Kidney slides from the experimental ani-
mals were not graded differently than fromn
the controls but all spleen slides from ex-
perimental  animals  received the  highest
score, differing significantly from the con-
trol splcens, although some controls also
received such high scores.

s
Experiment 4 '
1

These-prefiminary tests seemned to indicate
that vinyl chloride was an anesthetic gas
which might also act as o lung irvitant, [n
order tn assess this feature of its action, to
highlight significant pathological features and
o avoid the potentality of dinage avising
from ancsthesia alone, five female and five
male rats, wauched with controls, were ex-
posed for cight hours daily to five per cent

vinyl chloride in air for 19 consccutive days.
The experimental animals were placed with-
in the chamber at 0830 and removed at 1630
and the control anitnals from 0000 to 0800
hours. To precvent contamination of food
or water, both groups of animals were placed
within the chamber in empty cages; henee
experimental and conurol antmmals were de-
prived of food and water for eight hours
daily. The requisite concentration of the
vinyl ¢hloride was attained initially as in Ex-
periment 3, but the chamber was ventilated
at 50 lpm.

Although the body weight of the experi-
mental rats deereased initially, this trend was
reversed by the fourth exposure, the rate of
grawth thereafter being no different than the
controls. The drop in weight at the start
and the subsequent resumption of growth
was paralleled by an apparent increasing tol-
crance 10 the gas as the exposures continued.
At the start, the intoxication of the rats was
marked, instability of the hind legs being a
prominent feature of the exposure.  With
cach exposure, however, there was an obvious
diminution of these symptams, so that by the
fifth or sixth exposure, it wias not possible
to distinguish any evident symptoms aof neu-
rological deficit,

Hemoplobin determinations during the ox-
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ology being evident in cither experimental
or control animals.

The parasitic liver cysts scen grossly were
confirmed microscopically. Liver scctions
stained for fat revealed normal variation, hut
no animals had increased intracellular fat nor
were there differences between the experi-
mental and control animals, Graded in
accord with the morphology in Table ITI,
the liver slides revealed differences bhetween
the groups. The mean score of the control
group was 1.58, that of the cxperimental
group 3.63. No liver in the control group
scored more than 2 and none in the cx-
perimental group scored less than 3; one liv-
er scored 5. Because there was no overlap
the differences between the means are high.
ly significant, :

There werc no differences in score for the
spicens in the two groups, but the kidney
slides of the cxperimental animals scored
significantly Jess than their controls.

Discussion

The data from the present investigation
confirm the acute effects to be expected from
various concentrations of vinyl chioride:
concentrations below 19, when exposure

is limited to five ininutes, cause no ob-
servable intoxicating cfTects; five minutes,

however, is shorter than the time necessary
to reach an equilibrium level in the circula-
tion; from bchavioral observations in the
rat, it may be cstimated that in five minutes
some two-thirds of the equilibrium level is
reached; consequently a concentration of 0.6
to 0.7, if long continucd would not pro-
ducc intoxication. As the concentration rises
above this level the intensity of the intoxicat.-
ing signs increases until at a concentration of
7% the righting reflex is lost; at 1095 the
corncal reflex disappears and at concentra.
tions of 1505 and above respiratory failure
takes place, Vinyl chloride thus acts as an
ancthetic gas, its depressant action inereasing
with increasing concentration of the gas in
the air breathed, the corresponding incereas.
ing ncurological deficits ending in death m
concentrations greater than 1542, e pur-
pose in exposing ris 10 cancentrations cis.
ing anesthesia (8 to 10%%) was an attempt
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to produce some singular or characteristic
pathology. It cannot be said that this goal
was achicved, the results being questionable
and uncertain. Lung lesions were certainly
present but these could not be ascribed witly
certainty to any irritant propertics of the gas
since they might well have arisen from the
long-continued ancsthesia; there was an ap-
parent regression of these lesions in rats al-
lowed a 14-day recovery period. \The pres-
cnce of pneumonia certainly raiscs the pos-
sibility of an acute toxic cffect on lung tis-
sue at these concentrations; however, the
pneurnonia could just as well be caused by
sccondary infection during the severe cen-
tral nervous system and respiratory depres-
sion, an interpretation favored somewhat by
the diffuse lesions and by the irregular oc-
currence of the pneumonia.

The kidney and liver changes described
by Mastromatteo, ¢t al.? in rats exposed for
30 minutes to 20, 30 and 40% of vinyl
chloride, were not observed here, although
15 repeated 8-hour exposures to an ancsthe.-
tic concentration is also 2 relatively severe
stimulus. The findings in the lungs agree
with the relative lack of cffcct found by
Mastromatteo ¢t al. in rats exposed for 30
minutes to 10% vinyl chloride, except that

continued exposure, for days, docs result in
mortality. The rclative lack of pathology as

the result of 30 minute exposure at 1055
(ound by Mastromattco ¢t al. would scem
to support the view that lung lesions found
after repeated cxposurcs could well arise
from the ancsthesia and not from some ac-
tion peculiar to vinyl chloride. Therc was
no indication at cither the 2¢% or 55 level
of any untoward or other effccts upon the
lung tissuc.

As an overall measure of general health,
body weight and rate of growth are sensitive
indicants. Even in the cxposurc to a con-
centrition of 57, which at first produces a
marked and severe intoxication, the sharp
drop in the weight of male experimental
animals seen at the start of the exposure wis
soon reversed so that by the end of the 19-
day exposure there was no difference be-
tween  experimental and  control  rats of
cither sex. Body weight and e of growth
similarly showed no differences between the
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groups in the 29 exposure. [t st be em-
phasized again that the growth of the rats
during the 544 exposure support the ubserva-
tion of the rac's behavior which indicated
that there was a rapid development of toler-

anee to the intoxicating cffects of this con-
centration.

Ncither the 2% nor the 5% concentrations
causcd changes in the prothrombin time,
hematocrit or hcmoglobin values. At both
the 265 and the 5% concentrations, the
white cell count was lowered significantly,
although still well within the normal range.
The increase in red cells, although signifi-
cantly clevated in the 3% exposure, was not
cotrelated with changes in the hemoglobin
content. The increase in concentration of
the vinyl chloride is associated with a greater
fall in the white cells and a greater (and
significant) increase in the red cells at the
5% level. Although lymphocytes and neu.
trophils are increased, only the change at
the 29 concentration unlike the previous
cell changes, reaches the statistically signifi-
cant level. It is difficult to know if these
changes have any toxic significance, since no
tissiie changes were secn upon microscopic
examipation that would account or be as-
sociated with a drop in the white cells or an
increase in red cells, The decrcase in spleen:
body weight ratio is in a direction opposite to
that usually associated with a severc drop
in white cells; although the white cell count
did not sufTer a severe drop, the decrease was
substantial a¢ the tumination of the cx-
posure.

The only finding suggesting a specific
toxic action of vinyl chloride is the increase
in liver weight on cxposure to 59% for 19
days and to 2% over 92 days. The increase
in liver weight is not only highly significant
statistically but is also substantial, amounting
to a 3066 increase over the controls. It is
unfortunate that no information is available
as to whether this increase is reversed on dis-
continning the exposure. The increase in
liver weight may be interpreted as indienting
alterations in water, clectrolytes and protein
content of the liver parenchyma, but that
such changes presage the development of
actual histologic lesions is not certain in
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view of the wide vange that the liver: xdy
weight ratio may encowpass (Table VI,
Rather this incvease may signify a nonespes
cific response o metidolic devangements oc-
casioned by nild and moderate intoxication
for daily 8-hour periods, From the data ob-
tained here, it is not cortain that histopatho-
logical change would have ocoigred had exe
posures been cairied out for longer times.

In the paper by Torkelson ¢t al., histo-
patholegical changes in the liver and in-
creased  liver:hody weight atios are re-
ported in male rats exposed o 500 ppm
vinyl chloride for 4.5 months, That there is
no causal relation between the reported his-
topathology and the increases in liver:body
weight ratio is evident from the extensive
data gathered by these investigators. Female
rats exposed to 500 ppm vingl chlovide for
1.5 months showed no statistically significant
increase in liver weight but are reported to
have histopathological changes in the liver.
Female rats exposed to lower concentrations
{100 and 200 ppm) for six months had sig-
nificantly increased liver:body weight ratios
but no pathology. On the other hand, rab.
bits of both scxes exhibited liver pathology
without shewing any increase in liver weight
alter exposure for six months to a concen-
tration of 200 ppm. The authors correctly
point out that organ:body weighit ratios may
well be artefactual, illustrating the point by
the significant decreas: in hidney  weight
Tound g Temnale rats exposed to 50 ppin Tor
six. months: such raty exhibited no changes
when exposed to higher concentrations, By
the same token, but overlooked by the
authars. the increased liver:hody weight
ratio in female rats at 100 and 200 ppm s
with crual reason artefact because no sta-
tistivally significant increase occurred at 500
ppnt. Apparently, also, species differences are
ol importance in the reactivity to vinyl
chloride, male guinea pigs suffering a signi-
ficant decrcase in their liver:body weight
mtio when exposed to 100 ppm for six
months.

There are six possible combinations of the
presence or absence of pathology and ine
creases, decreases and no change in liver
weight. ‘The one combination not obsprved
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by Torkelson, ot al. s histopathological
change associated with a decrease in liver
weight. Obviously, if five of the six possible
combinations have been observed in a rela-
tively small sample, no causal connection

can be said to exist between these two
measurcs.

Changes in the liver:body weight ratio
may well have some toxic significance, but
if they are unaccompanicd by histopatho-
logical alterations, increased fat content or
secrum transaminase changes it is impossible
to conclude that taken alone they signify
much. Reference to Table VII will show
that the liver:body weight ratios of the rats
used as control animals in the 59, exposure
were significantly higher than the experi-
mental animals in the 2% exposure. This
illustrates well the fact that though control
animals are used, unknown and nan-specific
changes in the environment, time of the year,
temperaturs, dict, ctc,, may be responsible
for changes in organ:body weight ratio with-
out at the same time producing pathological
alterations in the organ.

Similar considerations apply to the de-
crease in spleen weight; here, not only was
pathology not observed, but there was no
difference in the morphological character at
cither the 2% or 59 level between the
experimental and control groups.

Unlike the interstitial and tubular changes
in kidneys of rats exposed to 500 pjnn of
vinyl chlaride reported by Torkelson, ot al.,
was the lack of any pathology in our animals
cxposed to 29 and 3596 and the fact that
the only morphological alteration in which a
significant  difference between control and
experimental animals occurred  (kidney at
29%) indicated that the control animals were
further frem “normal”. Because it is un-
reasonable to attach toxie significance 1o
changes associated with a control air ex-
posure, it is our helief that the morphologi-
cal alterations we have observed should not
be interpreted as manifestations of pathol-
ogy.

The concentiations 1o which the vits were
subjected in these experitients were at least

May-June, 1963

40 times those used by Torkelson, ¢t al. 1
any rehance is to he placed in a doseeclieey
relationship, pathology of some cousiderable
degree should have been {ound in our .
periments, Yot only morphological altera.
tions of the character already described and
pictured were seen, which, in”our knowledgy
and experience, are of no pathdiogical signi-
ficance. Whether the explanation resides in
a difTerence between the rat strains used by
us and by Torkelson ¢t al. or clscwhere is
not known, but without additional data is
is impossible (o resolve the contradiction,

On the basis of the present data, and the
sceming unimportance of the liver weight
changes seen by Torkelson et al., and with.
out further cvidence, a change of the pros-
ent threshold limit value of 500 ppm sceins
unwarranted.

Summary

From 5-minute exposires of humau suls-
jects to concentrations of vinyl chloride rang.
ing from 0.0 to 2.0%¢, it is estimated that a
prolonged exposure to a level of more than
0.6% is necessary to produce minimum
symptoms of intoxication, Rats exposed (or
up to two hours to higher concentrations ex-
hibited mocdlerate intoxication at 59, lust
their righting reflex at 7% and the corncal
reflex at 109, Respiratory failure occurred
at 159, I the exposure to 1090 was long
continued (two 8-hour daily exposures),
nmortality increased; death was apparently
caused by a pncumanic process, but it was
impossible to decide whether this was the
result of a primary action or sccondary to the
ancthesia.

Rats exposed cight hours daily to 59¢ for
19 days or to 2G¢ over 92 days did not show
any lung involvement. These levels had no
cllects upon growth rate, hemoglobin, homa-
tocrit or prothrombin time, At hoth con-
centrations there were increases in the lver:
body weight ratio and decreases in the white
cells; at 2% the spleen:body weight rato
deereased and at 5%y there ‘was an increase
in red colls.

No gross or microscopic changes  were
found in any Gssue that was correlated with
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the changes in the formed clements of the
blood. The increases in liver:body weight
ratios were associated  with morpholugical
adwrations in the liver which appeared o
have ne pathological significance, while no
meaningful morphalogical alterations were
evident in cither kidneys or spleens.

Beceausce, in the long term exposures, it was
impossible to attach any toxic significance
to the changes noted or to observe any his-
topathology, and hecause other aspects of the
animals’ reactions, such as growth rate, were
unimpaired, the presently accepted threshold
limit value of 300 ppin for vinyl chloride,
one-forticth of the concentration tested hiere,
seems to offer an adcquate margin of salcty
for buman exposure.
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Sourccs and Use of Toxicological Information

The New York University Medical Center in cooperation with the American
Industrial Hygiene Association will present a course on Sources and Use of
Toxicological Infermation. The course will be given October 14-18, 1963, at
the Onchiota Conference Center, Sterling Forest, Tuxedo, New York.

The coursc is designed to acquaint those concerned with advaneed methods
of sceuring and interpreting pertinent toxicological information.  Application
and principles will be stressed rather than details of experimental toxicology.
The design of the course eliminates the need for specialized scientific back-
ground so that all administrative and technical persons having responsibilities
for usc of toxicological information can benelit. Guest lecturers who are spe-
cialists in sclected fields will supplemient the stafl of N.Y.U. Institute of {ndus-
trial Medicine (or presentation of the subject material. Arcas to be covered
are: biological principles involved, sources of tuxicological information, appli-
cations to in-plant problems, Federal regulations, and requirements of various

agencies.

Inquiries and registrations shonld be diveeted to New York University Medical
Center, Institute of Industrial Medicine, 550 Pirst Avenue, New York 16,
New York. The registration fee is $150 with a deposit of $25 required. Ae-
commotlations (double accupancy) at the Onchiota Conferenee Center for
the evening (dinner) October 13 through lunch October 18 are available at
$21 per day including meals (payable to the Center on departure).
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Documentation of the Threshold Limit Value
Anerican Conference of Governmental Indus-
trial Hygienists Third Edition, 1971.

VINYL CHLORIDE
CHg=CHCI
" 200 ppm (Approximately 770 mg/ms)'

Viny! chloride is a flammable gas with anesthetic properties at high concentrations. At anes-
thetic concentrations (8 to 12%) it has serious effects on cardiac muscle resulting in arrythmias
and sensitizaticn in dogs(1,2). There is awide margin between anesthetic and lethal concentrations
(30-407.){3), Torkelson, Oyen and Rowe(4) reported that repeated seven-hout exposures for six
months at 200 ppm resulted in histologic changes in the central lobular region of the livers of
rabbits, but not in rats, guinea pigs and dogs. At 100 ppm there was only slight liver enlarge-
ment. A subsequent report by Lester, Greenberg and Adams(5) on the effects of repeated ex-
posure of rats to vinyl chloride assaying 99 + percent purity at 2 and 5% concentration stated
that, although liver changes were noted, they were not considered to be oi pathological signif-
fcance, In their opinion, a recommended TLV of 500 ppm was satisfactory for worker exposure,

An interim report was made by Mutchler and Kramer(6) of long industrial health experience
with vinyl chloride workers. Beginning in 1950, continuous monitoring was begun at five or six
stations and the resuits compared with breath analysecg(7) for vinyl chloride for 50 workers,
Between 1950 and 1967 the mean air concentration was 160 ppm, with one maximal peak at 660
ppm of vinyl chloride and with great daily vartation from 30 to 170 ppm, on the average. During
part of this time vinylidene chloride®* was an associated air contaminant estimated at around
5 ppm. Twenty-one clinical parameters were measured for comparison with the environmental
data, and relationships were obtained by stepwise multiple linear regression analysis, Of medical
examinations numbering 404 on 97 workers, 66 wereused for comparison with 650 controls, These
examinations with final diagnoses made according to the international classification of diseases,
failed io reveal any overt condition attributable to vinyl chloride (or vinylidene chloride) ex-
posure, No differences of physiologic significance were found in blood pressure, hemoglobin,
electrocardiograms, and no body abnormalities (acro-osteolysis) appeared,No one was clinically
il1, Six clinical parameters appeared to be altered, however, Among these, beta lipoprotein,
icterus index, and bromosulfalein retention time may have some physiologic significance, The
investigators felt, from a review of the interim {indings, that a time~-weighted average exposure
concentration at 300 ppm (combined vinyl chloride and 5 ppm vinylidene chloride) could resuit
in some degree of liver dysfunction. The inultiphasie screening tests are continuing on all ex-
posed workers, and analysis of the findings is being made on an individual worker basis. In the
meantime, a time-weighted average threshold limit value of 200 ppm vinyl chloride (with a few

ppm vinylidene chloride) seems appropriate to prevent adverse systemic effects from long-
continued daily exposure.

(* A 90-day animal inbalation exposure to vinylidene chloride at 5 ppm was without observable
effect.)
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The Correlation of Clinical and Environmental
Measurements for Workers Exposed to Vinyl Chloride

C. G. KRAMER, M.D., and J. E. MUTCHLERY,

The Dow Chemical Company, Midiand, Michigas 48640

@IA method is described for the statistical consolidstion and correlation of
environinental measurements and clinical findings using as an cxample o group of
healthy muic warkers exposed routinely to viny! chloride fur perinds up to 285 yesrs.
Retrospective in nature the study reveals several statistically significant effects from
chronic expasures to vinyl chlaride and traces of vinylidene chloride.

Introduction

For vaiidating an industrial hygicne
standard, it is essential to perform careful
and comprchensive studics of the possible
effects of substances on cxposed workmen. [n
practice, however, very few substances have
been the object of sufficient study to furnish
reliable guidclines. Today, specialists in
occupational health must recognize the need
to develop programs which will better identify
the relation between stresses acting an the
buman body in the work cnvironment and
physical changes that can be measured
clinically, to explain the significance of these
changes and use the results to help refine our
guidelines for environmental control.
Although toxicologists are constantly
predicting what exposures are likely to be safe
for people. there will always be some doubt
about their predictions until cnough human
experience has been gained o prove their
accuracy. The “proof of the pudding” should
result from 1he corrclation of good
environincatal measurements with the results
of a well planned medical surveillance
program. It is likely that such feedback from
human experience will differ from the animal
experimental data in that it will not define a
level of exposure which will actually cause
injury, at least frank injury. However, cxcept
in cases where an industrial hygiene standard

*Prescal Address: George D. Clayton and Associates,
25711 Southfiefd Road. Southfield, Michigan 48078

has not been applied, the feedback from
human experience could be cxpected to
describe levels of cxposure which have been
shown to be cither accepiable or marginally
unacceptabie. This information would be
valuable to 1oxicologists because it would

strengthen their skills in predicting from
experimental animal data effects of substances

on humans. In a broader sense, it would be
useful in substantiating criteria 1o be used for
industrial hygiene standards.

For scveral years The Dow Chemical

"Company’s medical and environmental health

groups have been conducting concurrent
medical and environmental surveitlance of a
large worker population cxposed to many
different chemicals. The project described in
this paper analyzes the information alrcady
gained f{rom concurrcnt surveillance and
relates it to the determination of acceptable
levels of exposure. A method is described for
the statistical consolidation and correlation of
environmental measurements and clinical
findings, using as an c¢xample a group of 98
healthy male workers who had been exposed
routinely to vinyl chloride for periods up to
25 years. Retrospective in nature, the study
reveals scveral statistically significant clinical
changes due to chronic cxposures to vinyl
chloride and smaller amounts of vinylidene
chloride. By isalating these apparent effects
and cxamining them in the light of our
medical interpretation, we have developed
what appears (o be a promising technique for

Reprinted from the American Industriail Kygiene Association Journal
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relating clinical informatian to worker
cxposutes to achicve a more reiined industrial
hygiene standard.

Vinyl Chloride

Vinyl chloride (CH,=CHC1) is a chemical
compound of increasing industrial
importance. It is a monomer used as a
chemical intermediate in the polymerization
of polyvinyl chloride resin, in the production
of copolymers such as Saran, and as a solvent,

Animal Toxlcity

The toxicity of vinyl chloride has been
reviewed by von Oettingen,! Mastromatteo, er
al.* and more recently by Torkelson, e? al.,}
and Lester, er al* This gas is an anesthetic,
and narcosis is the only reported effect of
acute cvercxposure.

Torkelson?! Lester,* and their co-workers
studicd the chronic toxicity of vinyl chloride
on rats. Torkelson and associates included
rabbits, guinea pigs and dogs in a study of
effects from rcpeated exposure, i.e., using
controlled concentrations of 50-500 ppm.
They found that repeated seven-hour exposure
to 220 ppm caused micropathological changes
in the livers of rabbits, and at 100 ppm, noted
slight but statistically significant increases in
the average weight of rat livers, Other animals
were unzffected by 100 ppm. Using
concentrations of 20,000 and 50,000 ppm,
Lester found no evidence of effects on lungs
or other vital organs upon repeated daily
exposures lasting 92 days at the lower
concentration and 19 days at the higher level.
Like Torkeison, however, he detected some
increase in relative weights of the rat liver
and, in addition, of the rat spleen. The
Commitice on Threshold Limit Values
(American Conference of Governmental
Industrial Hygicnists), weighing both studies,
conciuded that “although the cxperimental
data arc conflicting, the- preponderance
indicates a compound of relatively low
toxicity with which a threshald limit of S00
ppm is consistent,” ¥

Humuan Toxicity

Few cffects have been reported as o result of
humun exposure 1o vinyl chlaride except for

narcosis upon acute exposure. However, at
least two industrial deaths have been reported
from overexposure to vinyl chloridet In a
controlled study: Lester, et al..* exposed six
volunteers for five-minute periods to 4,000
8,000, 12,000, 16,000, and 20,000 ppm of
vinyl chloride. The first signs of intoxication
appear at 8,000-12,000 ppm. No other effects
were reported. )

Baretta, et al.’ exposed human volunteers 1o
50, 250 and 500 ppm for 7 1/2 hours in an
investigation concerncd  primarily with
expired air studies. No clinical changes nor
neurological responses were found in the
thirteen volunteers upon thorough physical
examination.

Filatova and Gronsberg® reported
angioneurosis of spastic character in workers
exposed to the monomer in a polyvinyl
chloride polymerization process. Air samples
usuaily varied between 20 ppm and 315 ppm.

Wilson, et al.’ reported several cases of
acroosteolysis in hands of workmen working
in vinyl chioride polymerization proccsses. No
vinyl chloride exposure estimates are cited.
but the nature of the disorder and the
circumstances of its appearance suggest that
the effect may have resulted from a
“combination of physical insult, chemical
insult, and personal idiosyncrasy.” Dinman, er
al.* Cook, et al.'' and Dodson, et al.t?
reported on a comprechensive epideniiolagical,
industrial hygiene and clinical study of over
5,000 employees engaged in vinyl chloride
and polyvinyl chloride manufacturing
throughout the United States and Canada. A
clear association of acroosteolysis and manual
cleaning of polymerization reactors was
revealed, with an expected prevalence of one
case per 37 reactor cleaners. The study did
not implicate vinyl chloride as the etiological
agent but, using certain assumptions about the
monomeric content of polymer residue within
the reactors, there appeared to be a semi-
quantitative correlation between the
prevalence of acroosteolysis and the degree of
degassing prior to vesscl entry.!!

Suciu, e¢r al ' studied the clinical
manifestations of a group of 18 male
cmployces working in polyvinyl chiaride
plants. They reported the presence of the
“narcatic syndrome,” asthenic nervous
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symptomis, Raynaud's syndrome and
hepatomegaly, but did net furnish data
regarding the aumber of cxposures to vinyl
chloride and other substances in the work
environment,

Environmental Aspects
The Work Environment

Subjects included in our investigation had
worked in one or both of two manufacturing
facilities which had been using vinyl chloride
in polymerization processes. In both plants the
environmental stresses of the work area were
essentially cquivalent. There were iwo
airborne materials present in the work
environment, vinyl chloride and vinylidene
chloride. The concentrations of vinyl chloride
were much higher than those of vinylidene
chloride, due to the much larger quantities of
vinyl chloride used and its greater volatility.

During the first of two decades covered in
the present study, the exposure of the workers
to vinyl chloride and vinylidene chloride were
estimated solely by nonspecific combustion
techniques.'$:'* The concentrations were
expressed as vinyl chloride, although both
materials were known to be present. In more
recent measurements, infrared and gas
chromatographic techniques have established
that the vinyl chloride concentrations average
10 ppm, while vittually all vinylidene chloride
concentrations amount to less than 5 ppm. and
most frequently are detectable only in trace
amounts. For this rcason, all exposure
estimates used in this study have been indexed
as “‘vinyl chloride.” Our conclusions, however,
must be viewed in the proper context —— (hat
is, a work environment with two airborne
materials: vinyl chioride in substantial
amounts combined with very small amounts of
vinylidene chioride. It should be noted,
however, that a continuous 90-day inhalation
exposure of rats and guinea pigs, at a
concentration of 5 ppm vinylidene chloride,'
revealed no  significant changes in
hematologic, biochemical, pathologic and
growth-rate parameters.

Environmental Surveillance

Industriai hygiene surveys of the operations
in which the workers under study were

exposcd started in 1950. From that time until
1959, environmental surveillance was
conducted on a regular basis, but using only
the traditional techniques of grab sampling
and portable anaiyzers.!*:** Since 1959,
permanent muitipoint continuous monitors
have been uscd to cstimate the cxposures
received by the workers studied. The
application of data proccssir?g and computer
technology to environmental control has
allowed us (o document the intensity of
exposures more thoroughly and validate our
continuous monitoring technique by breath
sampling surveys.”!?

The environmental sampling related to this
investigation has focused on thc cxposure
levels of men working in eight critical job
classifications. Sampling for one or more of
these classifications was performed in 1950,
1951, 1952, 1953, 1954, 1955, 1958, 1959,
and cach year thercafter. Before continuous
monitors were installed in 1959, the periodic
exposure estimates were based on job studics
supplemented by the ¢xamination of several
discreet samples gathered over a few days. In
later surveys, the cxposure estimates were
based on hundreds of thousands of samples
gathered on a continuous basis over long time
periods using multi-point analyzers. Thus the
quantity of cnvironmental sampling has
increased and the quality has improved over
the ycars in a manncr that parallels the
intensification of the medical surveillance
program.

Suitable Air Quality Paramerers

Obviously, a study of the possible cffects of
repeated inhalation of an airborne material
which varics in concentration rcquires the use
of a quantitative cxpression of air quality. We
also rccognize the need for an cxpression of
air quality that wiil help characterize the
tremendous variation in vinyl chloride
concentration that may occur, together with a
measure of central tendency. We base our
choice, the ‘“‘timec-wcighted avcrage
concentration™ (TWA), on consideration both
of the problem under study and of availability
of data. For this study, from a practical
viewpoint, the hecterogencity of the
environmental sampling fimits our choice of
an air-quality parameter to the time-weighted
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average concentration, which is a convenient
expression for integrauing a variable exposure
pattern. However, we wish o point out that
theorctically (his cxpression has no
relationship to the degree of toxic response.

Bartlett and Carrofl ** note that, for agents
passing through the respiratory membranes, as
vinyl chloride apparently does, we know very
little of how repeated or continuous exposure
leads to chronic efiects. However, since
chronic effects could presumably be
cumuiativc and progressive, a suitable
parameter for the study of air quality would be
the mean concentration, e.g., the time-
weighted average concentration.

As a result of the environmental sampling
conducted since 1950, yearly TWA estimates
have been tabulated for each of the 98
individuals studied, following the work history
of each man as he stayed within the group of
critical job classifications during his
employment. The result is a table of yearly
exposure estimates for each individual. With
such a table, a man's previous exposure history
is awailable — both on a cumulative dosage
basis (ppm-years) and as a career time-
weighted average exposure.

Mcdical Aspects

Those who have worked in the industrial
sctting appreciate the difficulties encountered
in studying a population which is subject to
continuing change and often to mixed
exposures. In actual experience it is rare to
encounter a stable population which has had
exposure to a single environmental
contaminant. The population in the present
study is typical in that the exposure has been
mixed. Likewise, our clinical mcthods have
varied both as to frequency of examination
and use of certain laboratory tests.

Until recently, our periodic medical
examination consisted of a medical history,
and a physical examination, including chest x-
ray, timed vital capacity, urinalysis and
minimum hematology. To this basic
examination we have added those particular
laboratory tests which appear justificd by the
particular hazard to which the worker may
have been exposed. The tests have varied from
year to year as the state of medical knawiedge

has changed. We now have a program in which
all employces, in addition to this basic
cxamination, reccive a far more complele
battery of tests. We include ail individuals in
our plant, regardless of the degree or type of
exposure to hazardous matcrials. By so doing,
we hape to accuntulate data that will be useful
in establishing norms for our working
population, and for providing better clinical
data to be used in similar projects.

Data on a large group of cmployees that
would qualify as a control group would be
very uscful for a conventional comparison of
mean clinical indices for the “control”
population and the “exposed™ population.
Unfortunately we have no such comparahle
data. Moreover, this type of analysis has the
disadvantage of masking variation within the
“exposed” group —— variation which couid be
correlated with the degree of exposure if good
environmental data were available.

The experience discussed in this paper is
based largely on our previous methods of
acquiring data. At the moment we are sceking
to cstablish a mcthod with which we can study
the data accumulaied in the past. Over the
years, our examinations, which have served the
basic purpose of protecting the health of
individual employees, have resulted in the
discovery and correction of some obvious
abnormalitics. However, less obvious effects
may have bcen missed.

Though we had no ideal control group, we
compared the results of the cxaminations on
66 qf the individuals in the study group who
had had cxaminations during 1965 and 1966
with a group of 605 employces from other
departments who had had examinations in the
same period. Ninety-five parameters of the
history, physical examination and laboratory
work were studied. This comparison was
carried out by a test for difference between
means, using a normal approximation. The
summary of significant differences is shown in
Table I. The study group showed an incrcased
number of respoanses ta the history item on
asthnmia. This, however, was not reflected in a
final diagnostic catecgory, nor was any
significant difference noted between the timed
vital capacitics of the study group and of the
overall group. The study group also showed an
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TABLE

Factars in Which VCU Group Differed Sipnificantly |
from the “Cuatral Group® (P €0.05)

vCi Group, *“Conlrol
% Group,"%
Number of Exams 66 605
Ristory: ]
Asthma 10.8 2.6
Stomach, liver, intestinal trouble 6.2 18.0
Kidaey stone, bloody urine 9.2 3.0
Nervous trouble of any sort 4.6 13.4
Have you ever worked with radioactive 1.5 15.§
substances
Physical:
Anus-rectum 1.8 6.t
Identifying body marks 17 18.7

increase in positive responses 1o the history
item “kidncy stone or bloody urine." Again,
this was not reflected in the diagnostic
categories. There was a decrease in number of
responses to the history questions on
“stomach, liver, and intestinal trouble” and
“nervous trouble of any sort.” On physical
examination, the only category in which more
responses were rccorded was that involving
abnormalitic- of the anus and rectum. Again,
since this finding was not borne out in the
final diagnostic catcgories, it would indicate
that the various examincrs did not consider
these findings to be of clinical significance.
There was no difference in overalt
diagnostic catcgories except for discases of the
digestive system, where fewer specific
diagnoses were rccorded for the study group
than for the comparison group. There were no
group diffcrences in the clectrocardiograms or
chest x-rays. Hand x-rays on the individuals in
the “cxposed” group showed no significant
abnormalitics and no case of acroosteolysis.
For comparing the mean BSP of the study
group with that of the comparison group, only
116 measurcments were available for the
comparison group. Thc mecan BSP for the
study groups was 2.73 (50 observations), and
the mean for the control group was 2.89 (116
observations). Although all records were
individually reviewed for data which had not
been processed statistically, no significant
additional findings were noted. Considering
the many factors studicd, some differences
would bec expected. However, this

conventional comparison of test means for the
two groups does not suggest any basic
difference between the two populations with
regard to gencrai health, and it appears that
no significant discase has appeared in the
study group as a result of work exposure.

Statistical Consalidation of Data for the
Exposed Population

Dependent Variables

After the accumulated clinical data from the
98 men in this study had becn compiled, there
were 21 clinical parameters for which
sufficient data existed to warrant inclusion in
further statistical analysis. The criterion for
inclusion was at least one observation per
man for 25 men for any given test. The 21
cliniéal parameters are listed in Table II.

Independent Variables

In identifying factors which could cxplain
some or all of the variation in the observed
clinical variables, we recognize the need for
including a record of age and obesity
(important nonenvironmental variables), and
the level and duration of exposurc (essential
environmental variables). Age was recorded to
the nearest whole year. Obesity was defined as
the ratio of actual weight to “standard
weight.” The level of exposure was expressed
as the cumulative time-weighted average
concentration. The product of TWA and time-
on-the-job (TOJ) gave a mcasure of the
cumulative dasage.
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TABLEH

Twenty-one Clinical Parameters Screened fot
Correlation with Expocure

Test

Physicat
Systoulic blood pressure
Diastolic blood pressure
Timed vital capacity

Chemical
Bromsulphalein (BSP)
fcterus index
Alkaline phosphatase
Scrum glut oxal tran (SGOT)
Thymol turbidity
Protein, serum total
albunmin
globulin
alpha |
slpha 2
bets
gamma
AG ratio

Hematological
Hemoglotin
Hematocrit
Red blood cells
White blood celis
Protlirombin time

Urine
Specific gravity

Data Format

At this point we had prcpared two
concurrent sets of data for cach man: medical
information and environmental information.
All that remained was the individual matching
process and collective analysis. At the time of
each clinical observation, bath types of data
for each man were registered in the following
format:

Man Na., Date, Age, TOJ, TWA, Ht, Wi,

Std W, Y, ... Yy
Where TOJ = time-on-job (time of
exposure), yrs.
TWA = Career time-weighted
average exposure
Std Wt = Standard (desired) weight as
tabulated by the Mectropolitan
Life Insurance Company.**
Y, = Clinical observation i, im= 1,
~2...21

Statistical Analysis

The technique wused for extracting
relationships hidden in the available Juta was

“step-wise multiple lincar regression analysis.”
This procedure, made powerful by the advent
of digital computers, systematically builds a
mathematical model from a choice of
independent variable terms based on the
fundamental independent variables. In the
step-wise regression procedure, the
independcny variable (X,) most highly
correlated with the response i§ entered into
the model, and the coeificients are determined
by the method of least squares. Using partial
carrelation coefficients, the next variable (X,)
to enter the regression is that whose partial
correlation with the response is highest. Given
the regression equation Y=f(X,, X;), the
method now examines the contribution X,
would have made if X, had been entered first.
Repeatedly, the step-wise method selects as
the next variable in the regres.ion the one
most highly partially correlated with the
response. At each stage, the “best” regression
equation Y =1 (X,, X,, ... X, ) is determined
by the method of least squares, after checking
the partial F criterion for ecach variable to
verify the significance of cach term included.?®

The object of this technique is to express a
relationship by some relatively simple
mathematical function such as polynominal
which contains appropriate variables and
which approximaies the true response of the
dependent variable over some limited ranges
of all the variables involved. Since this
approach is empirical, the resulting equation
might be considered to be physically
meaningless: nevertheless, it may prove
extremely valuable for predicting the values of
some dependent variable from knowledge of
other variables, at least under certain stated
restrictions. In using the technique, it was kept
in mind that, just because a particular
functional relationship has been developed
and @ specific computational procedure is
followed, it cannot be concluded that a causal
relationship exists among the vanables. After
data had bcen accumulated and a strategy had
been sclecied for analysis of the information,
the remaining steps could be broadly classified
as screening and refinement.

Correlation Mutrix

The first step in analyzing the consolidated
information was to cxamine the lincar

AP00023612



TABLE {11

Correlation of All Dependent Variables with
Al Independent Variables (P 0.05)

Test Age OB TWA Dose
Physical
Systolic blood pressure + + + +
Disstolic blood pressure  + + + +
Timed vitat capacity - o 4] (o]
Chemical
Bromsulphaiein (BSP) /] + hd +
Icterus index 0 [ + +
Alkaline phosphatase [\ 0 0 []
Serum glut oxal tran ] /] /] 0
(SGOT)
‘Thymol turbidity 1] [+] Q 0
Protein, serum total
albumin 0 0 [} 0
globutin
alpha 1 + o ) ]
alpha 2 [} [+] [¢] [}
beta ] + + +
gamma - 0 ] 0
AG ratio (] [ [ 0
Hematological
Hemoglobin - ] - -
Hematocrit 0 0 [} 0
Red blood cells 0 0 0 [¢]
White blood cells 0 0 0 [+]
Prothrombin time 1] "] 0 [¢]
Urine
Specific gravity [ 1] ] 0

correlation matrix for all the independent and
dependent variables available. This screening
technique revealed several clinical variables
that appeared 1o be related to exposure. The
correlation matrix is shown in Tabie III.

Six clinical parameters of the 21 under study
showed significant correlations (P=<0.05) with
the exposure variables, cumulative TWA and

cumulative dose. These were: systolic and
diastolic biood pressure, bromsulphalein,
icterus index, hemoglobin and beta-protein.
Of these, three showed correlation with age
and four with obcsity. Three other clinical
parameters were significantly associated with
age.

The correlation-screening procedure helped
us develop and show that the “independent”
and “dependent” variables are interrciated.
Table IV shows the correlation matrix
(P=0.05) for all the crucial variables,
dependent and .adependent. The general
consistency of the relationships indicated
amang the-variables justified more rigorous
analysis.

Development of Regression Models

In the development of a linear rcgression
equation for each clinical test Y in terms of
independent viriables, age, obesity, TWA, and
dose, we took the view that the complete set of
terms from which a mode! would be chosen
should include the independent variabies
themselves, together with interaction or cross-
product terms which might be helpful in
explaining variation in the observed variables.
For example, we allowed for the possibility of
age and exposure operating together
(interacting) in a manner which would be
different from that of age and exposure acting
independently. However, we faced two
opposing criteria for selecting a predictive
model:

1. For utility and accuracy we wished our

model to include as many significant

TABLE 1V

Correlation Coefficient Matrix = Crucial Variables

Age OB  TWA Dose IBg BPp BSP 11 1ib firotein
Age 4] o + + + ] )] - 0
o8 - 0 V] + + + + L] 0 +
TWA 0 o + + + + + - +
Dose + + + + + + + - +
Bg + o + + + + [L] 1] 1]
BPp + + + + + + L] [} [}

- BSp ] + + + + + ] 0 +
11 [+] o + + [+] [} [+] V] [+]
Hu - [} - - o [} 0 0 o
Brrotein 0 . + ‘ o Q + Q 0

4+ Positive vorretation 3 iﬁ.()ﬁ
0 Novorrelation P %0.08
— Negative correlation P 0,08
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TABLE V

Number of Subjects and Number of Clinical Tests within the Study Group

Total Number

NumbBcer of Subjects
& Number of

2. For

of Randomiy Selected
Test Observations Qbservations
Systolic blood pressure 323 38
Diastolic blood pressure 323 98
Bromsulphalvin 922 65 3
fcterus index 29 H]
Hemoglobin 145 83
Beta-protein §8 S8
independent variable terms as possible so 1
that reliable values could be predicted.
' .o (]
simplicity and ease of com- T .
munication, we wanted the cquation to P ) - y J
include as few significant independent . ]
variable terms as possible. ¢ b R Ak ‘;g“'“‘ A Rt
Operating largely from an empirical point of » J° e 1T .
. . . ‘,...._,_._.y/‘ PR U QNN -
view, we drew up a list of 30 indcpendent ey b .
variable terms including transformations of ol B A S
the four basic independent factors. Since we L. I. '.] 1
had.u_ncquz?l numb?rs of observations for each e R BN SR w—
individual in any given test, it was necessary to toaetaacest. it erw o't
choose randomly one observation per Figure 1. Regression model for bromsulphalein

individual for each test in order to weight

cach man equally. This random selection
red‘uccd the number of observations for each
test as indjcated in Tabie V.

Statistical Results

The results of the regression analyses for
ecach of the six crucial clinical variables are
given below:

Systolic Blood Pressure

BP, =~ A, 4B, (Agey +(TWA)

(Age) [C, (OB)-D,]
Diastolic Blood Pressure

BP, =A,;+B, (Age)%

(OB) % +C, (TWA) (OB
Bromsulphalein :

BSP=A,+ B, (Age) (Dose)

Icterus Index

II=A4+B, (TWA)
Hemoglobin

Hb= A,+B, (Age)% ~C,(TWA)?
Beta-protein

Beta-protein= A,+ B, (Dosc)

Figures 1, 2 and 3 show the regression
responses for three of the above models, BSP,
Icterus Index and Beta-protein, respectively.

retention.

L3
KITAUS WOCh uwis] l /01

. {

. L X ]

[ ] w10 110 W #0 w 0
Ted, PP VL

Figure 2. Regression model for jcrerus index.

Statistical Significance of Modcls

An appropriate question is: What measures
of precision can be attached to the regression
models? Three uscful indices arc the standard
error of regression, Se, the overall F-Statistie,
and the coefficient of multiple detcrmination,
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Figure 3. Regression model for beta-protein.

R, These measures of the “goodness of fit"” for
cach model of the clinical variables are listed
in Table VI. All of the regression models are
significant at the P=0.001 level, except the
Icterus Index model, which is significant at the
Pw=0.03 level.

Utitity of the Models

The regression models must be used with
discretion. Since the least square regression
coefficients are adjusted for other variables in
the rcgression procedure, attempting to
predict the response by changing only one
variable arbitrarily may be mislcading.
Because of this, we must specify the prediction
range for each variable under investigation,
Such prediction ranges are shown in Table
VIL.

To relate the statistical results to the
practical question of am industrial hygiene

standard requires careful consideration, First,
an acceptable workroom air concentration
must allow for men working in the
environment for an entirc career, up lo 45
years; our data are useful only over a 20-ycar
span. For effects which are cumulative, as
most of those isolated in this'study apparently
are, the last part of a man's career is the
limiting consideration. In view of our data
and their ranges. we can examine the clinical
variables at TOJ=20, and Agew 60, the
highest legitimate values of our predictive
parameters. In the case of blood pressure,
obesity must be fixed also if we are to predict
the effect of the ievel of exposure, TWA, Fur
this purpose, we hold "OB™ constant at 1.06,
the overall mean for the blood pressure data.
The following functions result:

Systolic Blood Pressure

=136.80 + 0.034035 (TWA)
Diastolic Blood Pressure

=84.74 4+ 0.018845 (TWA)
Bromsulphalein

=2.12 + 0.034599 (TWA)
Icterus Index

=6.82 + 0.000000002309522

(TWA)

Hemogiobin =13.97 - 0.0000000457339
(TWA)?

Beta-protein =14.15 + 0.0000013715435
(TWA)?

These clinical changes are tabulated in Table
VIII as a function of TWA.

Discussion of Clinical Changes

In reviewing Table VIII, we note six factors
which relate empirically 1o exposure. Within

TABLE VI

Statistical Significancc of the Regression Models

Coefficient
Number Standard of
of Error of Overall Multiple
Maodet . Observatinns  Regression F-Statistic Determmation
Systolic blood pressure 98 12.9 24,83 (3:94)* 0.180
Dinstolic bloud peessure 98 7.6 39,46 (2:95)" 0.193
Bromsulphalein 68 1.5 43,85 (1:63)* 0.407
teterus index 25 1.6 $.66 (1:23)°° 0.191
Hemuglobin 83 0.83 8.95 (2.80)* 0.162
Beta-protein SH 2.6 12,68 (1:56)* 0.170
*¢ <0.001
**P = Q.03
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Sgg 57‘"2 the scope of this study the predicted vy,
98csic? pressures, systolic and diastolic, did net +ie
%;’ri 22 levels which would be considercd abrere
3] The hemoglobin, though statistiei:
Se decreased, does not fall outside the nesriis
& '5' limits for our laboratory. The significate «
£3 the change in ratio of the beta-protein iy
known. We are left with two factors which piee )
some cause for concern. The changes in tu,
e »3 5 Icterus Index and in the BSP lend w.uw
Frju—a s support to the hypothesis that some chanpes o
tiver function have occurred in a fow
individuals exposed at the higher levels. iy
" BSP appears to be most significunt,,
NOmm=omd (=]

pver- correlated with exposure.

Within the study group were severyl
individuals who, after approximatcly 20) years
of exposure with time-weighted exposures of
approximatcly 300 ppm of vinyl chloride ang
smaller amounts of vinylidene chloride duriny
the early part of their carcers, demonstrated «
tendency to develop changes in cesntimn
laboratory tests which appear to be rehiuted 10
their exposurc. Reference to Figures 1.3
indicates that our interpretation of the clinicul
changes must be tempered by the fact that anly
a small number of individuals experienced the
highest exposures.

Two of the individuals showing the highest
rise in BSP were rechecked in 1968, One hal
essentially normal laboratory findings and the
other showed persistent elevation of various
liver function tests, cven though both had been
removed from further exposure since 1964
The individual whose liver functivn tess
remained clevated had a history of hepatitn
preceding his exposure, although his pue
exposure liver function tests had been nornul
Whether his abnormalities represented a result
of his exposure or independent sequelie ul
hepatitis cannot be ascertained. Certasnly ot
would be desirabie not to consider individual
with a history of hepatitis as candidates tu
prolonged exposure to vinyl or vinybhdene
chloride. Unfortunately, since many cass ol
- subclinical hepatitis occur, there muy alwans

be some individuals in a working populitien
who have had hepatitis.

. For most individuals in the study. the Mighes
exposure occurrcd in the early phases ot then
careers and their later exposures were =uch
tower. In the final analysis, much weighs Nl
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TABLE Vil

Expected Response of Clinical Tests as 3 Function of Carcer TWA

TWA, I'PM Yiny! Chlaride

Test 0 50

100 150 200 250 300
Systolic blood 136.8 138§ 140.2 141.9 143.6 148.3 147.0
pressure (Age = 60, -
OBES = 1.06) 1
Diastolic blood 34.7 8s.7 86.6 37.6 88.5 89.4  '90.4
pressure (Age = 60,
OBES = 1.06)
Bromsulphalein 2.1 3.8 5.6 1.3 9.0 10.8 12.8
{TOJ = 20, Age = 60)
letesus index 6.8 6.9 7.0 a1 11.0 X X
Hemogiobin 14.0 14.0 13.9 13.82 13.6 13.3 12.7
Beta-protein 14.1 14.3 18.5 18.8 25.1 X X

to be placed on the readings observed for
those cmployees who experienced high
exposure levels, especially during the period
1950-58. For example, the average time-
weighted exposure level in 1950 was 155 ppm,
whereas the average exposurc level in 1965
was 30 ppm.

Our findings suggest that repeated exposure
to vinyl chloride at TWA levels of 300 ppm or
above for a working lifetime together with a
very locw level of vinylidene chloride may
result in slight changes in certain physiologic
and clinical laboratory parameters. The
possibility of some impairment in liver
function tests must be considered, even though
no overt clinical discase was evident in any of
the individuals studied. We shall continue our
study, but suggest that similar studics to help
clarify the cffects of this material be
performed for other worker populations
exposed to vinyl chloride alone.

Conclusions

The present study offers a technique of
judging cxposurc cffects on a group of
exposed workmcn based on an analysis which
is intended to account for individual levels of
exposurc rather than relying on a collective
comparison with a so-coiled “control™
population. The “exposed” group, especially
when it is drawn from an industrial sctting,
will contain individuals subjezt to a wide

X = beyond range of available data

range of cxposurcs. and the mean clinical
indices for the group may well mask
significant individual differences within the
exposcd group that could be detected only by
intra-group analysis.

We have attempted to correlate the clinical
manifestations of a group of men for which
exposure data as well as clinical measurements
were available. With this approach, the
“exposed' group will contain some
individuals whose cxposures are low enough
to serve as ‘‘controls,” The regression
technique we have employed treats the
exposure levels (Dose and TWA) as
independent_variables, thereby providing an
open format that allows inclusion of any
degree of exposure, including none. The
advantage of regression analysis in this
application lies in the ability to extract mare
substantial information on accepiable
exposure levels by relating measured clinical
changes directly to measured exposure. To use
this method, good environmental and medical
data must be gathcred and consolidated
concurrently in substantial quantity.

We have demonstrated the use of this
statistical technique- with a group of men
exposed to vinyl chloride and trace levels of
vinylidene chloride. In so doing, we have
found some interesting apparcnt cffects from
chronic cxposurc to that system but, mure
importantly, the methodology looks pronusing
as a nceded improvement in our quest to make
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practical use of toxicological fecdback from
worker exposures. We hope that others will
offer further refinements and suggestions that
will help autain this goal.
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Hepatic Angiosarcoma
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A patient with hepatic angiosarcoma is de-
scribed. The significant aspects of this malig-
nancy are delineated. This tumor constitutes
only 2% of all primary tumors of the liver. The
association with exposure to vinyl chloride and
other carcinogens is reviewed. Diagnostic and
therapeutic modalities are discussed.
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A ngiosarcoma of the liver is a,rare tumor with a
rapidly fatal course. A review of the English
literature reveals only 103 such cases. This report
describes a case of hepatic angiosarcoma notable for
its brief duration of antecedent symptoms and pre-
sents a review of the etiologic, diagnostic, and ther-
apeutic features.

CASE REPORT

A 43-year-old man with a past medical history of
non-insulin-dependent diabetes mellitus, nephroli-
thiasis, cholecystectomy, and appendectomy pre-
sented to St. Vincent's Medical Center, Bridgeport,
Connecticut, with right-sided flank and abdominal
pain of 1 day’s duration, He described the pain as
sharp, persistent, nonradiating, and not associated
with position or meals. He had experienced similar
pain 1 month previously, which had resolved with-
out treatment. He denied weight loss, anorexia, me-
lena, vomiting, or a change in bowel habits. Glipi-
zide was the only medication he was taking at the
time. A Navy veteran and later a machinist in a
brake manufacturing company, he denied knowl-
edge of exposure to chemical toxins.

Physical examination was significant for a soft
abdomen with a well-healed midline surgical scar,
tenderness to palpation in the right upper quad-
rant, normoactive bowel sounds, and no abdominal
bruita. His liver was palpable 5 cr below the right
costal margin and was firm and had a smooth sur-
face. Splenomegaly was not present. Costovertebral
angle tenderness was elicited on the right side. The
remainder of the physical examination was normal.

The initial laboratory tests revealed a hemoglo-
bin of 15.4 g/dL (normal: 14 to 18); glucose of 325
mg/dL (normal: 70 to 108); lipase 206 IU/dL (nor-
mal: 23 to 208); serum glutamic oxaloacetic trans-
aminase 27 [U/dL (normal: 12 to 45); serum glutam-
ic pyruvic transminase 36 TU/dL (normal: 7 to 40);
total bilirubin 6.4 g/dL (normal: 6.1 to 8); and alka-
line phosphatase 70 [U/L (normal: 37 to 107 IU/L).
Urine analysis showed 0.5% glucose, traces of blood,
and no protein.

Radiologic evaluation included abdominal radio-
graphs that were normal. An abdominal ultrasound
revealed a 10-cm round mass in the right lobe of the
liver, with a well-defined margin and a homoge-
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1THDU

S6n

neous pattern of echogenicity. A computed tomo-
graphic (CT) scan of the abdomen with and without
contrast (Figure 1) confirmed its presence. The
predominantly homogeneous mass lesion showed
inhomogeneous contrast enhancement, indicating
its vascular nature. The remainder of the liver ap-
pearod fatty.

Subsequently, a CT-guided needle aspirate biop-
sy was performed that demonstrated a pleomorphie

220

Figure 1. Top, computed tomo-
graphic scan of a hepatic angiosar-
cama with cantrast shawing inho-
mogenous contrast enhancement
of mass lesion. which is indicative
of its vascular nature. Bottom,
computed tomographic scan with-
out contrast showing a predomi-
nantly homogenous 10-cm mass le-
sion in the right lobe of the liver
that is of greater density than the
remaining liver parenchyma.

malignant cellular process with vascular channels
and scant to abundant cytoplasm. No normal tissue
was present (Figure 2). A diagnosis of hepatic an-
giosarcoma was made on the basis of hematoxylin
and eosin, factor VIII, and immunoperoxidase his-
tologic studies,

To further assess this mass, hepatic arteriogra-
phy was performed. This showed a large neoplastic
lesion in the right lobe of the liver, with accumula-

August 1992 The American Joumnal of Medicine Voiume 93
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Figure 2. Angiosarcoms. Histologic
pleomorphic cellular malignant pro-
cess with the suggestion of vascu-
lar channels and hyaline pink to lav-
ender, scant to abundant cyto-
plasm (hematoxylin and eosin
stain; original magnification X400,
reduced by 30%).

Figure 3. Hepatic angiogram show-
ing a large 10-cm vascular mass in
the right lobe of the liver with dis-
placement of the normal vascula-
ture and the presence of muitiple
vascular lakes. The left lobe is not
involved.

tion of contrast in small “lakes” (Figure 3). There
was no evidence of left-sided or portal vein
involvement.

The patient was referred to Yale-New Haven
Hospital for surgical consultation. Based on the as-
sessment thai; the disease was limited to one lobe
and that the remainder of the liver was essentially
normal, a right lobectomy was performed.

COMMENTS

Angiosarcoma of the liver, which is also known as
hemangicendothelial sarcoma, constitutes only 2%
of all primary tumors of the liver [1]. Metastatic
cancer is the most common neoplasm of the liver
and is responsible for 38% of all tumors in the liver.

Worldwide, hepatocellular carcinoma accounta for
less than 2% of all malignancies and is responsible
for 1,250,000 deaths per year in the United States.
About 90% of primary carcinomas of the liver are
hepatocellular carcinoma and 7% are cholangiocar-
cinomas; less common tumors include hepatoblas-
toma, angiosarcoma, and sarcoma [2}.
Angiosarcoma of the liver has demonstrated the
intimate relationship that exists between environ-
ment and malignant transformation. This neo-
plasm was first reported in association with expo-
sure to thorotrast (3] and arsenic [4], and later with
vinyl chloride by Creech and Johnson in 1974 [5}.
Their studies demonstrated an increased risk of liv-
er angiosarcoma and cancer of other sites among
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employees of vinyl chloride polymerization facili-
ties, The risk approaches 10 to 15 times that of the
general population (for angiosarcoma of the liver)
[6]. This rare neoplasm has also been associated
with systemic diseases, i.e., hemochromatosis 7]
and von Recklinghausen’s disease [8]. It is also not-
od to be four times more prevalent in middle-aged
men than middle-aged women [2].

Clinically, patients with hepatic angiosarcoma
generally present with nonspecific symptoms.
Prominent arnong the symptoms noted in a study of
103 patienta were abdominal pain (the most preva-
lent), weakness, fatigue, and weight loss, Hepato-
megaly, ascites, and jaundice were the three most
common presenting signs {1]. Additionally, audible
hepatic bruits on auscultation reflect the arteriove-
nous shunting created by these highly vascular
tumors.

Hepatic arteriography provides the best tool for
diagnosing vascular lesions {8]. Typically, there is
movement of contrast into small “vascular lakes,”
central areas of hypovascularity, and peripheral
contrast staining. The hepatic artery may often be
displaced by the tumor. This may be observed on
angiography [10]. Locker et al [1), in their review of
patients with hepatic angiosarcoma, found that lab-
oratory data occasionally suggested liver disease
but were often nonspecific indicators.

Microscopic examination reveals malignant cells
invading liver parenchyma and vasoformative
areas, with vessels lined by malignant endothelial
cells, The sinusoids are lined by enlarged anaplastic
tumor cells, with nuclear hyperchromatism and a
high nuclear-to-cytoplasmic ratio [1]. The histolog-
ic changes seen after exposure to vinyl chloride usu-
ally begin with focal hyperplasia in both hepato-
cytes and sinusoidal cells. These lesions are usually
irregularly sized cavities within the liver paren-
chyma. The irregular and often striking sinusoidal
dilatation is a frequently associated finding. The
malignant transformation is believed to originate
from this lesion.

The prognosis of patients with hepatic angiosar-
coma is poor. There is often a rapid decline in the
patient’s condition after diagnosis, with a median
survivel of only 6 months. It is essentially an incur-
able disease that is often unresectable at the time of
diagnosis. However, in a small series of patients,
intravenous doxorubicin, given for 3 to 4 weeks in
combination with cyclophosphamide, has had some
benefit in causing temporary regression of the tu-
mor size. This regimen of chemotherapy has im-
proved median survival to 13 months [6]. Hepatic
angiosarcomn is relatively radioresistant. Radio-
therapy was attempted in one patient whose tumor

was limited to one lobe and who was not considered
a candidate for surgical resection. However, subse-
quent histologic examination at the time of autopsy
showed no viable hepatocytes, although there were
tumor cells in the irradiated lobe [11].

Angiosarcoma of the liver may also be surgically
resected. Bonneton et al [13] reported on the suc-
cesaful removal of a tumor by right hepatic lobecto-
my in a worker exposed to vinyl chloride. However,
the patient died weeks later of bleeding varices. No
tumor was found in the liver or elsewhere at autopsy
[5]. Surgery may be an option when the angiogram
has revealed that the tumor is localized to one lobe
and the remainder of the liver is not compromised
{12].

Further therapeutic approaches using necadju-
vant chemotherapy via a hepatic artery catheter
may prove useful in permitting resection in more
cases, This option needs more research, although
the relative scarcity of this neoplasm will add to the
difficulty in evaluating this approach.

We thank George Van Der Aue. M.D.. of the Department of Pathology for his
contribution to the ilustrations.
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The Correlation of Clinical and Environmental

sfeasurements for Workers Exposed to Vinyl Chloride
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A method is described for the stalistical consolidation and corvelation of

environmentsl messurements and clinical findings using as 2n example a group of
bealihy male workers exposed routinely to vinyl chloride for periods up to 25 ycars.
Retrospective in natare the study reveals several statistlcaily significant effects from
chronic exposures to vinyl chloride and traces of vinylidene chloride.

lstreduction

Fnt validating an industrial hygiene
standard, it is essential to perform careful
wd comprehensive studies of the possible
riects of substances on exposed workmen. In
resctize. however, very few substances have
reen the object of sufficient study to furnish
cchuble guidelines. Today, specialists in
sczmpational health must recognize the need
»» develop programs which will better identify
tte relstion between stresses acting on the
emar; body in the work environment and
#vucal changes that can be measured
--mxally, to explain the significance of these
cAseres and use the results to help refine our
fasdclines for environmental control.
Al(hc_)ugh toxicologists are constantly
Feedicting what exposures are likely to be safe
i people, there will always be some doubt
s%ai their predictions until enough human
Spencnce has been gained to prove their
svuiacy. The “proof of the pudding” should
reelt from the correlation of good
vwonmental measurements with the results
¢f 3 well planned medical surveillance
#opram. Ut is likely that such feedback from
" experience will differ from the animal
Syenmental data in that it will not define a
=<l of exposure which will actually cause
“S=Y. at least frank injury. However, except
 €scs where an industrial hygiene standard

—
“Prewcat ad

Pl dress: George D. Clayton and Associates.

thficld Rosd, Southfield, Michigan 48075

has not been applied, the feedback from
human experience could be expected to
describe levels of exposure which have been
shown to be either acceptable or marginally
unacceptable. This information would be
valuable to toxicologists because it would
strengthen their skills in predicting from
experimental animal data effects of substances
on humans. In a broader sense, it would be
useful in substantiating criteria to be used for
industrial hygiene standards.

For several years The Dow Chemical
Company’s medical and environmental heaith
groups have been conducting concurrent
medical and environmental surveillance of a
large worker population exposed to many
different chemicals. The project described in
this paper analyzes the information already
gained from concurrent surveillance and
relates it to the determination of acceptabie
levels of exposure. A method is described for
the statistical consolidation and correlation of
environmental measurements and clinical
findings, using as an example a group of 98
healthy male workers who had been exposed
routinely to vinyl chloride for periods up to
25 years. Retrospettive in nature, the study
reveals several statistically significant clinical
changes due to chronic exposures to vinyl
chloride and smaller amounts of vinylidenc
chloride. By isolating these apparent effects
and cxamining them in the light of our
medical interpretation, we have developed
what appears to be a promising technique for
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relating clinical information to worker
exposures to achieve a more refined industrial
hygiene standard.

Vinyl Chloride

Vinyl chloride (CH,=CHC1) is a chemical
compound of increasing industrial
importance. It is a monomer used as a
chemical intermediate in the polymerization
of polyvinyl chloride resin, in the production
of copolymers such as Saran, and as a solvent.

Animal Toxicity

The toxicity of vinyl chloride has been
reviewed by von Oettingen,) Mastromatteo, et
al.? and more recently by Torkelson, e al.,?
and Lester, et al* This gas is an anesthetic,
and narcosis is the only reported effect of
acute overexposure.

Torkelson,’ Lester,' and their co-workers
studied the chronic toxicity of vinyl chloride
on rats. Torkelson and associates included
rabbits, guinea pigs and dogs in a study of
effects from repeated exposure, i.e., using
controlled concentrations of 50-S00 ppm.

They found that repeated seven-hour exposure
to 220 ppm caused micropathological changes

in the livers of rabbits, and at:100 ppm, noted
slight but statistically significant increases in
the average weight of rat livers. Other animals
were unaffected by 100 ppm. Using
concentrations o/ »J,000 and £0,060 ppm,
Lester found no evidence of effects on lungs
or other vital organs upon repeated daily
exposures lasting 92 days at the lower
concentration and 19 days at the higher level.
Like Torkelson, however, he detected some
increase in relative weights of the rat liver
and, in addition, of the rat spleen. The
Committee’ on Threshold Limit Values
(American Conference of Governmental
Industrial Hygienists), weighing both studies,
concluded that *‘although the experimental
data are conflicting, the preponderance
indicates a compound of relatively low
toxicity with which a threshold limit of 500
ppm is consistent.” 3

Human Toxicity

Few effects have been reported as a result of
human exposure to vinyl chloride except for

reported on a comprehensive epidemiological,!

January, 197y

narcosis upon acute exposure.. However, ar
least two industrial deaths have been report=d
from overexposure to vinyl chlorides In.as
controlled study, Lester, er al,* exposed six.
volunteers for five-minute periods to 4,000
8,000, 12,000, 16,000, and 20,000 ppm of
vinyl chloride. The'first signs of intoxication*
appear at 8,000-12,000 ppm. No other effectss
were reported.

Bareuta, et al.,” exposed human volunteers tos
50, 250 and 500 ppm for 7 1/2 hours in an:
investigation concerned primarily with
expired air studies. No clinical changes nor;
neurological responses were found in the:
thirteen volunteers upon thorough physicak
examination.

Filatova and Gronsberg?® reporteds
angioneurosis of spastic character in workers:
exposed to the monomer in a polyvinyl
chloride polymerization process. Air samples;
usually varied between 20 ppm and 315 ppm.;

Wilson, et al.’ reported several cases of.
acroosteolysis in hands of workmen working;
in vinyl chloride polymerization processes. No:
vinyl chloride exposure estimates are cited,
but the nature of the disorder and the:

circumstances of its appearance suggest thatr
the effect may have resulted from a

“combination of physical insult, chemical'
insult, and personal idiosyncrasy.” Dinman, et
al.'® Cook, er al.,)® and Dodson, et al.,'*

irdustrial hygiene and clinicat study of over
5,000 employees engaged in vinyl chloride:
and polyvinyl chloride manufacturing
throughout the United States and Canada. A-
clear association of acroosteolysis and manual;
cleaning of polymerization reactors was.
revealed, with an expected prevalence of one’
case per 37 reactor cleaners. The study did
not implicate vinyl chloride as the etiological:
agent but, using certain assumptions about the.
monomeric content of polymer residue within
the reactors, there appeared to be a semi-
quantitative correlation between the
prevalence of acroosteolysis and the degree of |
degassing prior to vessel entry.!® H

Suciu, er al.,"? studied the clinical
manifestations of a group of 186 male-
employees working in polyvinyl chloride
plants. They reported the presence of the’
“narcotic syndrome,” asthenic nervous

- AP00023624
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meploms, Raynaud's syndrome and
wpatomegaly, but did not furnish data
seqarding the number of exposures to vinyl
savede and other substances in the work
renyronMENt

tavironmental Aspects
cur Work Environment
Sedwects included in our investigation had
wxbed in one or both of two manufacturing
wanizaes which had been using vinyl chloride
s polymerization processes. In both plants the
cevronmental stresses of the work area were
encelially cquivalent. There were two
sehorne materials present in the work
eesvronment, vinyl chloride and vinylidene
ssionde. The concentrations of vinyl chlocride
weee much higher than those of vinylidene
Jhonde, due to the much larger quantities of
wevi chloride used and its greater volatility.
Dennp the first of two decades covered in
e peesent study, the exposure of the workers
v vwy1 chloride and vinylidene chloride were
exrrated solely by nonspecific combustion
wcasiques.’>'* The concentrations were
cwrecssed 35 vinyl chloride, although both
rsterials were known to be present. In more
recen! measurements, infrared and gas
<momatographic techniques have established
Sat the vinyl chloride concentrations average
i¥ ppen, while virtually all vinylidene chloride
sewceatrations amount to less than 5 ppm, and
sont {requently are detectable only in trace
smoants. For this reason, all exposure
femeates used in this study have been indexed
= vinyj chloride.” Our conclusions, however,
et be viewed in the proper context — that
* & work environment with wwo airborne
seterials: vinyl chloride in substantial
Saounts combined with very small amounts of
:;."l:dcnc chloride: It should be noted,
o~ er, that a continuous 90-day inhalation
S poture of rats and guinea pigs, at a

ceacentration of § ppm vinylidene chloride

n‘:‘ulcdzl}_o significant changes in
=ologic, biochemical, pathologic and

¥owirate parameters.
&avwonmental Surveillance

‘l'ilzgrial hygiene surveys of the operations
bich the workers under study were

21

exposed started in 1950. From that time until
1959, environmental surveillance was?
conducted on a regular basis, but using only
the traditional techniques of grab sampling
and portable analyzers.”:'¢ Since 1959,
permanent multipoint continuous monitors
have been used to estimate the exposures
received by the workers studied. The
application of data processing and computer
technology to environmental control has
allowed us to document the intensity of
exposures more thoroughly -and validate our
continuous monitoring technique by breath
sampling surveys:¥?

The environmental sampling related to this
investigation has focused on the exposure
levels of men working in eight critical job
classifications.,Sampling for one or more of
these classifications was performed in 1950,
1951, 1952, 1953, 1954, 1955, 1958, 1959,
and each year thereafter. Before continuous

monitors were installed in 1959, the periodic
exposure estimates were based on job studies

supplemented by the examination of several
discreet samples gathered over a few days. In
later surveys, the exposure estimates were
based on hundreds of thousands of samples
gathered on a continuous basis over long time
periods using multi-point analyzers. Thus the
quantity of environmental sampling has
increased and the quality has improved over
the years in a manner that parallels the
intensification of the medical surveillance
program.

Suitable Air Quality Parameters

Obviously, a study of the possible effects of
repeated inhalation of an airborne material
which varies in concentration requires the use
of a quantitative expression df air quality. We
also recognize the need for an expression of
air quality that will help characterize the
tremendous variation in vinyl chloride
concentration that may occur, together with a
measure of central tendency. We base our
choice, the ‘“‘time-weighted average
concentration” (TWA), on consideration both
of the problem under study and of availability
of data. For this study, from a practical
viewpoint, the heterogeneity of the
environmental sampling limits our choice of
an air-quality parameter to the time-weighted
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average concentration, which is a convenient
expression for integrating a variable exposure
pattern. However, we wish to point out that
theoretically this expression has no
relationship to the degree of toxic response.

Bartlett and Carroll ® note that, for agents
passing through the respiratory membranes, as
vinyl chloride apparently does, we know very
little of how repeated or continuous exposure
leads to chronic effects. However, since
chronic effects could presumably be
cumulative and progressive, a suitable
parameter for the study of air quality would be
the mean concentration, e.g., the time-
weighted average concentration.

As a result of the environmental sampling
conducted since 1950, yearly TWA estimates
have been tabulated for each of the 98
individuals studied, following the work historv
of each man as he stayed within the group of
critical job classifications during his
employment. The result is a table of yearly
exposure estimates for each individual. With
such a table, a man's previous exposure history
is available — both on a cumulative dosage
basis (ppm-years) and as a career time-
weighted average exposure.

Medical Aspects

Those who have worked in the industrial
setting appreciate the difficultics encountered
in studying a population which is subject to
continuing change and often to mixed
exposures. In actual experience it is rare to
encounter a stable population which has had
exposure to a single environmental
contaminant. The population in the present
study is typical in that the exposure has been
mixed. Likewise, our clinical methods have
varied both as 1o frequency of examination
and use of certain Jaboratory tests.

Until recently, our periodic medical
cxamination consisted of a medical history,
and a physical examination, including chest x-
ray, timed vital capacity, urinalysis and
minimum hematology. To this basic
examination we have added those particular
laboratory tests which appear justified by the
particular hazard to which the worker may
have been exposed. The tests have varied from
year to year as the state of medical knowledge

R W DTS

FRL{44)

has changed. We now have a program in which
all employees. in addition to this basic
examination, receive a far morg complete
battery of tests. We include all individuals in
our plant, regardless of the degree or type of
exposure to hazardous materials. By so doing,
we hope to accumulate data that will be useful
in establishing norms for our working
population, and foryproviding better clinica)
data to be used in similar projects. %

Data on a large group of employees that
would qualify as a control group would te
very useful for a conventional comparison of
mean clinical indices for the “control”
population and the “exposed” population.
Unfortunately we have no such comparable

data. Moreover, this type of analysis has the: nere
disadvantage of masking variation within the e
“exposed” group -— variation which could be i

carrelated with the degree of exposure if good. R
environmental data were available. p o

The experience discussed in this paper is
based largely on our previous methods of'
acquiring data. At the moment we are seeking
to establish a method with which we can study
the data accumulated in the past. Over the
years, our examinations, which have served the-
basic purpose of protecting the health of
individual employees, have resulted in the
discovery and correction of some obvious
abnormalities. However, less obvious effects
may have been missed.

Though we had no ideal control group, we
compared the results of the examinations on
66 of the individuals in the study gronp who
had had examinations during 1965 and 1966
with a group of 605 employees from other
departments who had had examinations in the

same period. Ninety-five parameters of the: 4ns
history, physical examination and laboratory Fus
work were studied. This comparison was g
carried out by a test for difference between [N
means, using a normal approximation. The o
summary of significant differences is shown in ‘:‘V
Table I. The study group showed an increased the s
number of responses to the history item on "'L"_“
asthma. This, however, was not reflected in a iy
final diagnostic category, nor was any "r
significant difference noted between the timed “':':“
vital capacities of the study group and of the t‘“\u

overall group. The study group also showed an .
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TABLET

Factors in Which VC1 Group Differed Significantly }
from the “Control Group” (P K0.05)

Number of Exams

History:
Asthma
Stomach, liver, intestinal trouble
Kidney stone, bloody urine
Nervous troubte of any sort

Have you ever worked with radloactive

substances
Physical:
Anus-rectum
tdentify iig body muarks

VC1 Group, “Control
% Group,"'%
66 . 605
10.8 2.6
6.2 18.0
9.2 3.0
4.6 13.4
L5 15.8
13.8 6.1
7.7 187

wcrexe in positive responses to the history
se= “kidney stone or bloody urine.” Again,
=+ was not reflected in the diagnostic
sacpones. There was a decrease in number of
wapanses 1o the history questions on

‘mseuch, liver, and intestinal trouble’ and
“ecrvous trouble of any sort.” On physical

rasxnation. the only category in which more
goawes were recorded was that involving
wwoczulities of the anus and rectum. Again,
sace this finding was not borne out in the
%sal durgnostic categories, it would indicate
= the various examiners did not consider

+we findings to be of clinical significance.
There was no difference in overall
usgmostic categories except for diseases of the
4xgrutive system, where fewer specific
“anoses were recorded for the study group
e for the comparison group. There were no
+vwo differences in the electrocardiograms or
edex 1-r3ys. Hand x-rays on the individuals in
% “exposed” proup showed no significant
't-ermliti&f and no case of acroosteolysis.
A comparing the mean BSP of the study
Fou with that of the comparison group, only
*."’ teasurements were available for the
“ewsmrnison group. The mean BSP for the
s :‘ groups was 2.73 (50 observations), and
» &aan for the control group was 2.89 (116
—<=senations). Although all records were
::“’“m)' reviewed for data which had not
.. Processed statistically, no significant
:—‘bﬂal findings were noted. Considering
‘o‘:’:“) factors studied, some differences
be expected. However, this

conventional comparison of test means for the
two groups. does not suggest any basic
difference between the two populations with
regard to general health, and it appears that
no significant disease has appeared in the
study group as a result of work exposure.

Statistical Consolidation of Data for the
Exposed Population

Dependent Variables

After the accumulated ciinical data from the
98 men in this study had been compiled, there
were 21 clinical parameters for which
sufficient data existed to warrant inclusion in
further statistical analysis. The criterion for
inclusion was at least one observation per
man for 25 men for any given test. The 21
clinical parameters are listed in Table II.

Independent Variables

In identifying factors which could explain
some or all of the variation in the observed
clinical variables, we recognize the need for
including a record of age and obesity
(important nonenvironmental variables), and
the level and duration of exposure (essential
environmental variables). Age was recorded to
the ncarest whole year. Obesity was defined as
the ratio of actual weight to “standard
weight." The level of exposure was expressed
as the cumulative time-weighted average
concentration. The product of TWA and time-
on-the-job (TOJ) gave a measure of the
curmnulative dosage.
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TABLE 11 “step-wise multiple linear regression analysis." °
Twenty-one Clinical Parameters Screened for - This procedure, made powerful by the advent |
Cotrelation with Exposure of digital computers, systematically builds 2 ‘
mathematical model from a choice of ;
Test independent variable terms based on the
Physicai fundamental independent variables. I the :
%’{:::’;:‘;c":"::dl’::::;:e step-wisc regression  procedure, ¢ the
Timed vital capacity independent variable (X,) most highly
Chemieal correlated with the response is entered into .
Bromsulphalein (BSP) the model, and the coefficients are determined
Z‘::::::“::; Shatase by the method of .least squares. Usil:xg partial
Serum glut oxsl tran (SGOT) correlation coefficients, the next variable (X,)
Thymol turbidity to enter the regression is that whose partial-
Proteln, serum total correlation with the response is highest. Given
globulin the regression equation Y=fX,, X.). the
alpha 1 method now examines the contribution X,
tpha 2 would have made if X, had been entered firs:.
gamma Repeatedly, the step-wise method selects as
AG natio the next variable in the regression the one 5
Hematological most highly partially correlated with the
Hemoglobin “ " . 3
Hematocrit response. At cach stage, the “best” regression
Red blood cells equation Y={(X,, X, ... X. ) is determined
‘;’f‘;‘:ﬁr:"‘;‘m“;‘; by the method of least squares, after checking
the partial F criterion for each variable to
Urine . it B
Specific gravity verify the significance of cach term included®
The object of this technique is to express  }
relationship by some relatively simple §
Data Format mathematical function such as polynominal :
which contains appropriate variables and ® .
At this point we had prepared two “ which approximates the true response of the~% .
concurrent sets of data for each man: medical dependent variable over some limited ranges §
information and environmental information. of all the variables involved. Since this 3 =
All that remained was the individual matching approach is empirical, the resulting equation 4 .
process and collective analysis. At the time of might be considered to be physically
each clinical observation, both types of data meaningless; nevertheless, it may prove s
for cach man were registered in the following extremely valuable for predicting the values of 4
format: some depeadent -ariable from knowledge cf ]
Man No., Date, Age, TOJ, TWA, Hi, Wy, other variables, at least under certain stated f
Std We, Y, ... Yy, restrictions. In using the technique, it was kept 4
Where TOJ = time-on-job (time of in mind that, just because a particular ]
exposure), yrs. functional relationship has been developed 1
TWA = Carecr time-weighted and a specific computational procedure is 4
average exposure followed, it cannot be concluded that a causal
Std Wt = Standard (desired) weight as relationship exists among the variables. After |
tabulated by the Metropolitan data had been accumulated and a strategy had
Life Insurance Company.?® been selected for analysis of the information, |
Y, = Clinical observation i, i=1, the remaining steps could be broadly classified .
2...21 as screening and refinement.
Statistical Analysis Correlation Matrix K
The technique used for extracting The first step in analyzing the consolidated
relationships hidden in the available data was information was to examine the linear
H
[T S5 2EN . " N al - ‘Y i e . PR
X el = Y . ‘ T
¢ ': - 7} & i 2 ” i
: e 3
; y o
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TABLE [l

Cozelation of All Dependent Variables with
All independent Variables (P<0.05)

e e am—

Test Age OB TWA Daose
#%-vara!
sewtolic blood pressure + + * n
Dastolic bload pressure  + . + +
Twmed vital capacity - 0
Cawmecal
tecaauiphtiein (BSP) ] + + +
toverus index 0 0 + +
alialne phasphatase 0 0 0 0
«vsm giut oxal tran 0 0 [} ¢}
($GOT)
Turmo! turbidity 0 0 0 0
Mricin, serum 1otal
aibumin [ [}} 0 o
globulin
sipha + 0 0 0
alpha 2 0 0 Q 0
bets 0 + + +
samma - 0 [} 0
Af ratio 0 0 n 0
swmstodogical
remoglobin - 5 - -
Hesmatoorit 0 0 0 )
Fed Mood celis 0 ) 0 0
Waute blood cells 0 ) o 0
trothzombin time ¥} o) 0 o

M
seearfic gravity

o
o
(=]
[~]

«oerelation matrix for all the independent and
sependent variables available. This screening
wxacque revealed several clinical variables
=ui appeared to be related to exposure. The
seerelation matrix is shown in Table [II.

Sa clinical parameters of the 21 under study
wowed significant correlations (P=<0.05) with
B¢ ¢xposure variables, cumulative TWA and
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cumulative dose. These were: systolic and
diastolic blood pressure, bromsulphalein,
icterus index, hemoglobin and beta-protein.
Of these, three showed correlation with age
and four with obesity. Three other clinical
parameters were Significantly associated with
age. N

The correlation-screening procedure helped
us develop and show that the “independent”
and “dependent” variables are interrelated.
Table IV shows the correlation matrix
(P=0.05) for all the crucial variables,
dependent and independent. The general
consistency of the relationships indicated
among the variables justified more rigorous
analysis.

Development of Regression Models

In the development of a linear regression
equation for each clinicar test Y in terms of
independent variables, age, obesity, TWA, and
dose, we took the view that the complete szt of
terms from which a model would be chosen
should include the independent variables
themselves, together with interaction or cross-
product terms which might be helpful in
explaining variation in the observed variables.
For example, we allowed for the possibility of
age and exposure operating together
(interacting) in a manner which would be
different from that of age and exposure acting
independently. However, we faced two
opposing criteria for selecting a predictive
model:

1. For utility and accuracy we wished our

model to include as many significant

TABLE 1V )

Correlation Coefficient Matrix — Crucial Variables

Age OB TWA Dose BPs BPp BSP II Hb [Protein
Age [+ + + + [} 0 - o
OB 0 1] + + + + 0 0 +
TWA 0 o + + + + + - +
Dose + + + + + + * - +
BPg + + + + + + ] 0 0
BPp + + + + + + [ Q 0
BSP [ + + + + + ’ 0 [\] +
) 0 0 + + (1] ] [ 0 [+]
Hb - 0 - - 0 0 0 0 [}
B Protzin o0 + + + o 0 + 0 [{]

+ Positive correlation P K0,05
£ 0 No correlation P %0.0§
— Negative correlation P & 0.05

NAVAL tRospage o
. ACE KEg;o
PBisHogry otk WSTTUTE Lggny

CRIDA 32512

L ,"

et

i

AP00023629



ol - rrak : P
§
4
26 J s
) lanuary, 19? (mertt
11
TABLE V A
Number of Subjects and Number of Clinical Tests within the Study Group 7 ! .
- - s .
Number of Subjects & .,
Total Number & Number of = of »
of Randomiy Selected =1 s
Test Observations Observations % T
L] "
Systolic blood pressure . 323 98 3 *
Diastolic blood pressure 33 _ 98 3
Bromsulphalein 92 63 E [N
Icterus index 29 25 -
Hemoglobin 14§ 83 3
Bets-protein $8 58 | -
. . . E Fi
independent variable terms as possible so @ ’ T ] I ‘ﬁ .
that reliable values could be predicted. R i}
2. For si.mplicity and ease of com- | . P J
munication, we wanted the equation 10 ' ! | —
include as few significant independent l .
variable terms as possible. T — e R
Operating largely from an empirical point of s e G T, ! ek
) . . L)
view, we drew up a list of 30 independent KD el .. l in T
variable terms including transformations of N R ngh
the four basic independent factors. Since we b . I * I | ; leie
had unequal numbers of observations for each ] L Pt
individual in any given test, it was necessary to Toae Tak act, b rom 1i0nd
choose randomly one observation per Figure !. Regression model for bromsulphaleis Lrii
individual for each test in order to weight retention. ¥ T
each man equally. This random selection i
reduced the number of observations for each 4 ":‘t
test as indicated in Table V. ki 1 T : 18 -
i . e
Statistical Resalts ° N ’ / i S
; . N R L vat
The results‘of the' regression nn‘alyscs for ' "i = —— - Be.
each of the six crucial clinical variables are L —T Voo ‘ ear
given below: S TR = Sy
Systolic Blood Pressure Jo ! : : . : \i
BP, =A,+B, (Agey +(TWA) i J P o -
(Age) IC, (OB)-D,) : : - - or
Dilastolic Blood Pressure l l ! | l i
BP, = A,+B, (Aﬂe)v' %% TR 1) W™ e B e = 3
(OB) yl +C’ (TWA) (OB) THA, PPU VOL N
Bromsulphalein . Figure 2. Regression model for icterus index.
BSP=A,+B, (Age) (Dose)
Icterus Index
[T=A,+B, (TWA)}
Hemoglobin L. L
Hbm A,+B, (Age)¥ - C,(TWA) Statistical Significance of Models
Beta-protein An appropriate question is: What measures
Beta-protein= A;+B, (Dose) . of precision can be attached to the regression
Figures 1, 2 and 3 show the regression models? Three useful indices are the standard
responses for three of the above models, BSP, error of regression, Se, the overall F-Statistic,
Icterus Index and Beta-protein, respectively. and the coefficient of multiple determination,
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Figure 3. Regression mode! for bets-protein.

7. These measures of the “*goodness of fit" for
ach model of the clinical variables are listed
e Table VI. All of the regression models are
wnificant at the P=0.001 level, except the
tierus Index model, which is significant at the
3003 level.

tlity of the Models
The regression models must be used with
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standard requires careful consideration. First,
an acceptable workroom air concentration
must allow for men working in the
environment for an entire career, up to 45
years; our data are useful only over a 20-year
span. For cffects which are cumulative, as
most of those isolated in this study apparently
are, the last part of a man's career is the
limiting consideration. In view of our data
and their ranges, we can examine the clinical
varisbles at TOJ=20, and Age=60, the
highest legitimate values of our predictive
parameters. In the case of blood pressure,
obesity must be fixed also if we are to predict
the effect of the level of exposure, TWA. For
this purpose, we hold “OB" constant at 1.06,
the overall mean for the blood pressure data.
The following functions result:

Systolic Blocd P.essure

=136.80 + 0.034035 (TWA)
Diastolic Blood Pressure
=84.74 4- 0.018845 (TWA)
Bromsulphalein v

=212 4 0.034599 (TWA)
Icterus Index

=6.82 + 0.000000002309522

. . (TWA) ¢
wretion. Since the least square regression
xfficients are adjusted for other variables in Hemoglobin (T]“:/,:).,-‘ — 0.0000000457339
| 2 regression procedure, attempting to : .
» § wdict the response by changing only one -Beta-protein ?::Als-‘ + 0.000001371545
b ariable arbitrarily may be misleading. . ( )
%aause of this, we must specify the prediction These clinical changes arc tabulated in Table
uge for each variable under investigation. VIII as a function of TWA.
ik prediction ranges are shown in Table . )
L P 8 Discussion of Clinical Changes
To relate the statistical results to the In reviewing Table VIII, we note six factors
nctical question of an industrial hygiene which relate empirically to exposure. Within
B .. .
’ i TABLE VI
33 - Statistical Significance of the Regression Models
M Coefficient
Number Standard of
of Error of Overail Multiple
Model Observations  Regression F.Statistie Determination
. Systolic blood pressure 98 12.9 24.53 (3:94)* 0.180
wsus B Diastolic blood pressure 98 7.6 39.46 (2i985)* 0.193
.| w Bromsuiphalein 6§ Ls 43.85(1:63)* 0.407
(S W Icterus index 25 1.6 5.66 (1:23)** 0.191
ndi- § ~ Hemoglobin 83 0.83 8.95 (2;80)* 0.162
aiss § - Betaprotein 53 2.6 12.6S (1:56)° 0.170
atic” *r<o0.001 s
i **P=0.03 :
!
R
n
%
) : I ; - < .
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the scope of this study the predicted blog
pressures, systolic and diastolic, did not rise
levels which would be considered abrormgy
The hemoglobin, though stansucan,
decreased, does not fall outside the normy
limits for our laboratory. The significance of
the change in ratio of the beta-protein is no
known. We are left with two factors which gin
some cause for concern. The changes in the
Icterus Index and in the BSP lend som
support to the hypothesis that some changesia
liver function have occurred in 2 fee
individuals exposed at the higher leveis. The
BSP appears to be most sngnmcantly
correlated with exposure. ;

Within the study group were several
individuals who, after approximately 20 year ;
of exposure with time-weighted exposures of
epproximately 300 ppm of vinyl chloride and
smailer amounts of vinylidene chloride during
the early part of their careers, demonstrated a
tendency to develop changes in certain
laboratory tests which appear to be related 10
their exposure. Reference to Figures 1-3
indicates that our interpretation of the clinical
changes must be tempered by the fact that only
a small number of individuals experienced (he
highest exposures.

Two of the individuals showing the highest
rise in BSP were rechecked in 1968. One had
essentiaily normal laboratory findings and the:
other showed persistent elevation of various
liver function tests, even though both had been-
removed from further exposure since 1965.
The individual whose liver function tests
remained clevated had a history of hepatitis
preceding his exposure, although his pre-
exposure liver function tests had been normal.
Whether his abnormalities represented a result 3
of his exposure or independent sequelae of 3
hepatitis cannot be ascertained. Certainly it
would be desirable not to consider individuals
with a history of hepatitis as candidates for
protonged cxposure to vinyl or vinylidene
chloride. Unfortunately, since many cases of
subclinical hepatitis occur, there may always
be some individuals in a working popuhnon
who have had hepatitis.

For most individuals in the study, the highest
¢xposure occurred in the early phases of their
careers and their later exposures were much
lower, In the final analysis, much weight had

L ar it LA

PRSP P I
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TABLE VIII .
’ Expected Response of Clinical Tests ssa Function of Career TWA
TWA, PPM Vinyl Chloride
Test o] 50 100 150 200 250 300
Systollc blood 136.8 [2-% 1 140.2 141.9 143.6 145.3 147.0
peessure (Age = 60,
OBES = 1.06)
asiotic blood 84.7 85.7 86.6 87.6 88.5 89.4 30.4
peessure (Age = 60,
OBES = 1.06)
Reomsulphalein 2.1 3.8 5.6 7.3 9.0 10.8 12.8
{TOs = 20, Age = 60)
Icterus index 6.8 6.8 7.0 8.1 11.0 X X
Hemogiobin 14.0 14.0 13.9 13.8 13.6 13.3 12.7
Bela-protein 4.1 14.3 15.8 188 28.1 X X

o be placed on the readings cbserved for
:hose employees who experienced high
csposure levels, especially during the period
1950-58. For example, the average time-
weighted exposure level in 1950 was 155 ppm,
whereas the average exposure level in 1965
w23 30 ppm.

QOur findings suggest that repeated exposure
10 vinyl chloride at TWA levels of 300 ppm or
above for a working lifetime together with a
rery low level of vinylidene chloride may
result in slight changes in certain physiologic
aad clinical laboratory parameters. The
possibitity of some impairment in liver
faaction tests must be considered, even though
no overt clinical disease was evident in any of
the individuals studied. We shall continue our
sudy, but suggest that similar studies to help
ciarify the effects of this material be
performed for other worker populations
e1posed to vinyl chloride alone,

Conclusions

The present study offers a technique of
judging exposure cffects on a group of
exposed workmen based on an analysis which
s intended to account for individual levels of
€xposure rather than relying on a collective
comparison with a sa-called “control”
population. TRe “exposed” group, especially
‘f\en it is drawn from an industrial setting,
“ill contain individuals subject 0 a wide

Loy

X = beyond range of available data

range of exposures, and the mean clinical
indices for the ,group may well mask
significant individual differences within the
exposed group that couid be detected only by
intra-group analysis.

We have attempted 10 correlate the clinical
manifestations of a group of men for which
exposure data as well as clinical measurements
were available. With this approach, the
“exposed' group will conrtain some
individuals whose exposures are low enough
to serve as ‘“controls,” The regression
technique we have employed treats the
exposure levels (Dose and TWA) as
independent variables, thereby providing an
open format that allows inclusion of any
degree of exposure, including none. The
advantage of regression analysis in this
application lies in the ability to extract more
substantial information on acceptable
exposure levels by relating measured clinical
_changes directly to measured exposure. To use
this method, good environmental and medical
data must be gathered and consolidated
concurrently in substantial quantity.

We have demonstrated the use of this
statistical technique with a group of men
exposed to vinyl chloride and trace levels of
vinylidene chloride. In so doing, we have
found some interesting apparent effects from
chronic exposure to that system but, more
importantly, the methodology looks promising
as a needed improvement in our quest to make
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practical use of toxicological feedback from
worker exposures. We hope that others will
offer further refinements and suggestions that
will help attain this goal.
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Course on Effects of Nonionizing Radiations

The Massachusetts Institute of Technology will present a special two-week
program on Biological Effects and Medical Applications of Nonionizing
Radiations, July 31-August 11, 1972. The course will present the basic physies,
biological effects. biomedical applications and hazards of uitrasound, laser,
microwaves and magnctic fields. Presentation will be in manner to be suited to
individuals with clinical and physical science backgrounds. The information
will also be related in context to the activitics of thc Federal Regulatory
Agencies. Detailed information is available from the Director of the Summer
Session, Room E19-356, Massachusetts Institute of Technology, Cambridge,

Massachusetts 02139,
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Such particles are found in "'quartz-typical cells" very rarely or
not at all. The authors nake no definite statement that the par-
ticles are PVPNO, but if they are, they were 523 stained by hema-
toxylin-eosin, aniline blue, silver impregnation or Perl's‘stain.

Weller aud Ullmer (Ann. i.z; Acad., Sci. 200, 624-632, 1972) mention

only the presence of foam cells.

I should recommend to try the Ammon-Mohn technique in PVPNO.

Polyvinyl chloride (PVC)

" There is an enormous technical litcerature on polyvinyl polymers;

PVC is not mentioned in the last 4 years of Medical Abstracts and

I could not find any bionedical titles in Ch;mical Abstracts. llow-
ever, Dr. Yolkheimer has studied PVC particles and their persorpntion
(see G. Volkheimer's monograph "Persorption” G. Thieme Verlag,

Stuttgart, 1972). On p. 7 the PVC particles (globules) are depicted.

The elimination of PVC globules (5-110 um diameter) in the urine vas
detected already 1 hour after oral administration (Volkheinmer et al.,
Deutsch. Gesundh. 20, 21-28, 1965). PVC caused also EiXEE damage
(personal communicatibn) apparently unusual cell proliferations sur-~
rounding the gleobules. I don't know yet whether this observation
has been published by the investigatingg pathologist; Volkheimer also

told me that he did not succeed in stainingz PVC. Since colored

AP0002363



plastics exist, also PVC derivatives, e.g. CaNa poly-(vinyl methyl

cther-unleate) one may have to try histological staining procedurecs.

The above naned co-polyner is widely used in dental practice for

fastening dental plates etc, and mey easily be ingested.

The monomer vinylchioride (VC) is a gas and is unlikely to form
cell inclusions. Its toxic effect ig evaluated by studying the
cell injury. Publications on histochemical work have still to be
checked; in the recent paper by Marsteller et al. (Deutsch. Med.
EEEEﬂ' gi, 2311-2319, 1973) cytoplasmic inclusions of liver cells

are not mentioned.
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Letters

Letters, if clearly marked “For Publication,” will be published as space permits and at
the discretion of the editor. They should be typewritten double-spaced, with five or fewer
references, should not exceed 500 words in length, and will be subject to editing. Letters

are not acknoudedged.

Polyvinyl Chloride in Fires

To the Editor.~The article “Polyvinyl
Chloride Toxicity in Fires” by Dyer
and Esch (235:393-397, 1976) contains
8 number of factual errors and cer-
tain misleading inferences.

In three places, the combustion of
polyvinyl chloride (PVC) is said to
produce chlorine and phosgene. In
fact, these two materials have never
been demonstrated to occur in the py-
rolysis or combustion of PVC (Jour-
nal of Polymer Science 8:1887-1890,
1970; Journal of Applied Polymer Sci-
ence 13:377-391, 1969; British Polymer
Journal 3:186-193, 1971; Journal of
Applied Chemistry 17:366, 1967). The
authors point out, correctly, that hy-
drochloric acid and carbon monoxide
are the main toxic combustion prod-
ucts of PVC but tie these to possible
toxic synergy with chiorine or phos-
gene. It is wrong to raise the specter
of toxicants which are not really
there. In another instance, viny! chio-
ride is said to be produced. In work by
Boettner et al (Journal of Applied
Polymer Science 13:377-391, 1969), vi-
nyl chloride was found in the combus-
tion products of PVC corresponding
to about 0.02% to 0.06% by weight of
the original polymer. Carbon monox-
ide and HCl were formed at about
45% and 58%, respectively. The vinyl
chloride was thus present at a tiny
fraction of the primary toxicants and
may indeed represent residual vinyl
chloride from the original poly-
merization. The present-day levels of
residual vinyl chioride in PVC are .01
or less the levels typical in 1969, when
Boettner’'s work was done. Thus,
whether vinyl chloride is a combus-
tion product needs confirmation.

A discussion of the fuel loading in
fire situations owing to the presence
of plastics carries the statement that
*, .. plastics posses a heat of combus-
tion 2% times that of other combus-
tibles.” The matter is not so simple.
According to the National Bureau of
Standards (Modern Plasiics 52:81-82,
1975), the heats of combustion of PVC
and some common materials, includ-
ing other plastics, are

Edited by John D. Archer, MD, Senior Editor.

JAMA, Sept 27, 1978—Voal 238, No. 13

Cotton 7,122 BTU/1b
PVC 7,720 BTU/1b
Wood 8,825 BTU/Ib
Wool 89712 BTU/Ib
Polyester fiber 9,300 BTU/1b
Polyurethane 16,000 BTU/1b
Polyethylene 20,050 BTU/1h

One can conclude from this that,on a
pound-for-pound basis, PVC contrib-
utes less to fuel loading than many
other materials in common use. The
assignment of A flat 2%-fold factor
for plastics over other materials in
heat of combustion is, to say the least,
misleading. \v

The authors cite work by Cornish
and Abar' on exposure of rats to CO
and HCl from pyrolysis in air or
oxygen of pure and formulated PVC.
This work pointed out that death
from pure PVC pyrolysis was due
to CO inhalation unless oxygen was
added to the gas stream to keep car-
boxyhemoglobin blood levels low. It
should be noted that when PVC for-
mulated for wire insulation or floor
tile was pyrolyzed, higher exposure
levels were tolerated before death oc-
curred. Thus, formulated PVC is ap-
parently less toxic in fires than pure
PVC and the former should be the
subject of research rather than the
latter, which is never used commer-
cially.

The commercial impact of PVC is

exaggerated. The 83 billion kg/yr:

stated as the annual production in the
United States translates to 17.6 bil-
lion kg/yr in contrast to the 3.7 bil-
lion kg/yr actually estimated for 1975
for all uses. Roughly 123 billion b/yr
of lumber and plywood were used for
construction alone. Upholstered chairs
are not stuffed with PVC, a8 claimed
in the article. Chair covering is often
PVC.based; the stuffing is usually
rubber, urethane, or a nonsynthetic.
We want to make it clear that we
do not take lightly the potential prob-
lem that may occur from the combus-
tion of articles made from PVC. We
stress, however, the need for dis-
semination of accurate information.
It’s reasonable to think that society
can cope with the true problem, gecu-
rately understood, as well as it has
with the toxicity problems from con-
ventional materials. That means a lot

of work remains to be done to make
both natural and synthetic materials
safer to use.

W. R. SoRENSON, PhD
Gontinental Oil Gompany
Ponca City, Okla

1. Cornish HH, Abar EL: Texieity of pyralysis prod-
111;:9 at vinyl plasties. Arch Ewviron Health 1911521,

Cardiac Care Units

To the Editor.—Frieden and Cooper
(235:818, 1976) stated that "recent ex-
periences with monitored cardiac care
units have demonstrated that mortal-
ity can be reduced in the first few
days after an acute myocardial in-
farction.” However, critical review of
articles on coronary care units fails to
confirm a properly designed trial that
supports that statement. Adler et al
(Br Med Bull 30:242, 1974), in a re-
view dealing with research on medi.
cal care, point out:

Mortality within most coronary care unita
has declined over the years, but there has
also been a parallel reduction in mortality
in patients suffering from myocardial in-
farction, who are nursed in conventional
wards (MacMillan & Brown, 1971). There is
no evidence that hospitals play any part in
altering the total picture of the disease.

In fact, the first randomized con-
trolled trial comparing home care vs
that in cardiac care units (Mather et
al cited by Adler et al Br Med J 3:334,
1971) showed no striking difference in
case fatality ratios between groups
treated in the two settings.

There may be other impressive ad-
vantages to grouping patients, equip-
ment, and trained persannel in one
location within the hospital setting.
Grouping makes sense. However, re-
duced case fatality ratios have not
been demonstrated.

The conviction that cardiac -care
units are effective has been associated
with the view that trials are not only
unnecessary but unethical It is un-
fortunate that rigorous evaluation
was not carried out when units were
first introduced, but British experi-
ence suggests that it is not too late to
start.

ROSERT OSEASOHN, MD
MCGH University
Montreal

In Reply.~It is important to delineate
the perspective in which 2 situation is
viewed. It is generally agreed that
the majority of cardiac deaths occur
early and. outside of hospitals. Our
report and the reports of the cited
authors deal with the subgroup of
treated patients. I believe that one
should first determine whether or not
we are helping these patients. If we

Letters 1449

AP00023637



AP00023638



