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An Industrial hygiene survey was canducted in
respect to cecupational acroosteolysis (AOL) in
32 plants engaged in production and compound-
ing of polyviny! chioride. This survey was limited
o Inspection of facilities, interrogation of tech-
nical personnel, and siatistical anslyses. Al
manufacturing pracesses and chemicals utilized
were explored. A major objective was the iden
tification of variables in processes and chemicals

POLYVINYL chloride (PV() has been in
production and widespread use for.more
than 30 years. An extensive account of the
chemistry, methods of production, materials
utilized, propertics, and uses of the PVC
resing ‘was recently published in a series of
‘technical articles by Albright.** Uses in-
clude such diverse products as floor tiles,
films for food wrappings, sheeting for show-
er curtains, phonographie records, and coat-
ings for cables. ’ )

Asg an indication of the magnitude of the
PV( industry, the average operating capaci-
ty in thix country for the year 1969 was
about 3"billion }b.t Much PV is produced
in other countrics. Even with this extensive
production involving thousands of operators,
the occurrence of oceupational acroosteolysis
tAOL) mmmong these workers wis not recog-
nized until about 1961,7
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that wers peculiar to those planis affording known
cases of AOL. No such processes or chemicals
wete found. The survey brought to light 3 num-
ber of situations suspecied of relationship to the
precise cause of AOL, some af which require
additional exploration, Most positive of these
was the finding that esscntially ail of the parsons
who developed AOL had served as reaclor
claaners using manual methods,

The clinical and epidemiological aspects
of this condition #re discussed in separate
papers in this issue of the ARCHIVES**

Industrial Hygiene Survey

Surveys were made of 32 plants by the
authors of this paper, most of the plants being
visited by a team of one physician and one
industrisl hygicnist. Twenty-six of these were
palymer production plants. Vinyl chloride mon-
omer production plunts and plants engaged in -
vosnpounding and fabricating of the polymer-
jzed resin were 1 part of the manufacturing
complex ut a v " or-of these locations. Five
plants conducte: apountding and fabrienting
operations only ane pland produced only
the vinyl chlorice  anamer, Theve plants wers
Lcated theophes © the United Stades -ani one -
in Canada, .

Thin survey win designed to obtain infonna-
tion on cquipment used, procedures followed,
materials involved, extent of exposure to these,
and s and deseriptions of jole in order to
compare privices in the plaats where coses of
AUL ocvureed with these i plants experivpe-
103 1 e,

The extent of exjumures wax estimnted on
thes I of genoerl olwarevidion, i knowldge of
the phvsical, vhamieal, and phy siologiceal prop

.
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Fig 1.—Flow diagram for production of FVC from vinyl chioride monomar,

erties of the materials, and discunsion with
technically informed persons ot the plants, By
setting up three broad categories of duration
and of relative severity of the exposure, semi-
quantitative estimates were made. Since mate-
rials responsible for causing AOL might be
absorbed either through the respiratory tract or
through the skin or hoth, such estimates were
made for each of these avenues of ahsorption.

Production Operations

Vinyl Chloride Production~—The two
processes for production of vinyl chloride
described by Albright! were found to be in
current use, One of these involves the reac-
tion of hydrogen chloride with acetylene in
the presence of a mercuric chloride catalyst.

"In the other process, 1. 2-dichloroethane is
pyrolyzed in the presence of chlorine as a
catalyst for the production of vinyl chloride
and HCL. In some plants, both methods were
used, with the H('l produced in the latter of
these processes being used in the former.,

Polyvinyl Chloride Production..—Poly-
vinyl chloride can be produced in accord-
ance with four procexses, each with many
variations amang different plants. The Gnal
polymer may have a molecular weight vary-
ing from 50Xk} to 1504k}, depending on
conditions under which it is produced. ‘The
production procewses are designated a8 sus-
penzion, emulsion, bulk (or nonsotvents,
and solvent. A typical procedure is present-
o in the low-sheet (Fig 1, The esential
steps of these operations are outlined 1 this

paper. For more complete details, reerence -

may be nunde to the pupers by Albright.2 -

In_the widely used suspension process, deion-
ized water is first introduced into n large auto-
clave, usually glaas-lined, followed by n wide
variely ol additives. These include suspending
agents such as polyvinyl alcohol, methyl cellu-
lose, and gelatin. emulsifving agents such as
sulfonated oils, xurfactants such ax sorhitan
monolaurate, and buffers auch ax sodium hicar-
bonate. Trichloroethylene may be added to pro-
duce the lower molecular weight po!ymers, Cal-
alysts are added to initinte the polymerization
Thess are nearly all organic peroxides, with
Iauroyl peroxide and diisopropyiperoxvdi-
carbonate (IPP) being uscd at the greater
number of planis The reactor in then closed,
evacuatid to remove oxygen, and vinyl chlo-
ride, normally a gax, ix piped in as a liguid
under pressure from the tank farm or the vinyl
chloride plant. In some plants, the catalyst ix
added to a charge tank from which it is intro-
duced into the closed reactor following addition
of the vinyl chloride. .

‘The mixture is agitated with rotating propel-
ler blndes, and steam initially is directed into
the reactor jacket to raise the tempersture to
50 or 55 C, Since the polymerization reaction is
exothermic. rooling water must be run into the
jiwket after the reaction his begun to nvoid
excessive heating, After ten (o 16 hours: the
polymerization ix ensentially complete. and the
renctor is brought down ta atmmpheric pres-
sure. In most plantx, it is placed ander vacuum
{or remaval of unpolvmerized vinvl chlorid~
monomer nndd transfer to the mohomer revov-
ery arca, The suspensian of PVE? ix then ake
chargedd into a lowdown tank botow the rew-
tor, This tank ix phwed under vacuum fur
transfer of remiining vinyl chloride 10 the
recovery e, In o somee plants, the biowdowr
tank ix climinates. The' generl appoarance ¢
the chaning floor ol o polymer plant is shown

Arch Enciron Health—Vaol 22, Jan 197!
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Fig 2.—Charging tloor of PVC production plant showing top portion of reactors.

in Fig 2. ‘The reactors extend for ten feet or sv
down to the floor below,

The polymer slurry is pumped to blend
tanks, then to centrifuges for removal of much
of the water. The dewatered polymer is passed
through a rotary dryer with heated air, thé
temperature of the polymer being kept below
140 F to avoid degradation. The dried granular
polymer i3 pneumatically conveyed into a cy-
clone separator, with finer particles being re-
moved from the air stream by means of a
filter-type collector. The polymer particles are
sized by vibrating screens, then bagged for
transfer to compounding and fobricating plants
or shipped in bulk. In some plants, the palymer
is stored in bins prior to being shipped.

In the emulsion process. the equipment and
proceas is essentially the same as in the suspen-
sion provess up to the dryving operations. In
order to produce the finer polymer particles
charncteristic of the emulsion process, a wide
viariety of omulsifying agents is used. ‘Theae
may he soaps such as ammonium or sodium
Lrate, surficetants such s salts of naphilnlene
“wilfonic acid, or various syntbwetiv dedergents,

Water-soluble jnitiators such as ammonium
persulfale and hydrogen peroxide are used as
catalysts. Since the fine polymer particles can-
not be readily separated from the emulsion by
centrifuging or filtering, a spray drver is em-
ployed in this process.

The bulk process is similar to suspension
polymerization but is characterized b the pre.
cipitation of the polymer from the liquid phase,
as about 10%, of the vinyl chloride becomes
polymerized. )

Solution polymerization is much the same as

suspension polymerization, but no waer is in-

troduced. Instead, the polymorizaica is <con-
ducted in such solventa as cyciohex.ane, acetone,
or n-bulane. -

Copolymer and Terpolymer Production,
—In addition to the production ¢ <=e homo-
polymer PVC, nuny of the il also
produce copolynier and terpolynie =, includ-
ing vinyl chloride. "The greater jx-.wtage of
the monomer tends to be the vins ) chloride
in all of thise, The copolymer v nx1 chior-
ide-vinyl acetate is in highest : ~duction

Arch Environ Health—Vel 22 Jun 1971
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among this group but is a : Table 1.-—-Absolm Pressun-‘rune Values
minor product in compari- T Absolute Pressare fme = '_'A_’m;;;:p:'ﬂ"ww Tone
son 1o the homopolyiwer, Valics Below 10 Values of 10 or Above
.Othcr copolymérs are vinyl o ormm e "'N"o‘.'o"“* Now ot - """""N:;" - —N"; ‘O.
cblorid?-vmylidene chloride Plant Reactor Expe.:ted Pant Reactor Expected
and vinyl chlorida-lauryl- Code  Cleaners AOL Cases Code Cleaners AOL Cases
vinyl ether. An example of Plants With AOL Cases
a terpolymer is vinyl chlo- EE 3 o8 : ﬂ: 2':
ride-n-butyl maleate—dlbutyl ¥ 16 04
maleate, R 39 1.1

P sses, additwes, and Planéaéwnh Posmt;l;lot c.:; '
catalysts essentially identi- Totals 63 1.7 . 438 11.8
cal to those used for the s Plants With No AOL Cases 27 o7

& 0 0.8 o
l_\omopolymer are employed . q 22 06 H 26 0.7
in the production of the to-. v 91 2.5 L 28 0.8
polymers and terpolymers w 50 1.4 3 LE4 o.s
with the addition to the re- H 7 as
action mixture of the addi- . AA 8 0.2
tional monomers. Totals 193 5.3 132 3.6
. Plants Started in Operation in 1969 or 1966

Vinyl Chloride Rccovery.;—- oD, 21 0.6 c 54 1.5
The unpolymerized vinyl 3 13 0.4
chloride removed from the Totals 21 0.6 67 1.9

hateh following completion of
polymerization is conveyed to
a vinyl chloride recovery area

Table 2.—Classification of Standard Job Tiiss

added to the vinyl clloride

by the suction pump that Job Title Code Job Title Code

places the renctor and the Additive makeup (other 1 Monomer recovery operator 14

stripping tank under reduced than catalyst) 2 Monomaer supervisor 15
. Bagging and shipping operator Plant guard, security officer 16

p.mun' Here She vinyl chl?' Catalyst makeup man 3 Reactor cleaner 17

ride gas that is removed is Cierical, other office, staff 4 Reactor cleaner, solvent 18

pllced under pressure to con- Compounding and fabricating 5 Resctor operator 19

derme it topether with water gryer operator ; :luny blem:lar'y ;(l)

et eneral laborer, custadial upervigor, polymer

vapor to a llqnld. The water Laboratory supervisor 8 Tank farm operator 22

and the vinyl chloride are im- Laboratory technician 9 Utifities srea operator i3

miscible, permitting their sep- Mairtenance, electrical 10 (water treatment, etc)

aration. In some plants, an nee i :; ;le;oun Op.‘fl")f g;

M i perat ransfer operator
inhibitor, usually phenol, is Monomer operator 13 Othar than PVC © 30

to preveni spontaneous poly-

merization during its distillation, the method
used for its purification. The recovered vinyl
chloride, with the higher boiling plenol remain-
ing in the still, is then pumped to storage for
reuse,

Reactor Cleaning Operations—Affer  the
polymer hax been discharged from the reactor
and the pressure brought to atmospheric, the
renctor iz aerated. This is accomplished by
dropping a flexible duct connecled to o poriable
blower to the bottom of the renctor, with dis-
charge normally through the open manhoele at
. the top of the reactor into the charging-floor
aren. The laose residue is washed ouf  with
water, after which one or two men enter the
reactor to remove the sbin of polvimer remain-
ing on tiv reactor surfaces The osuai ie-lhod
1= by manual seraping with putly hnives. fles;

due on the agitator blades may require hammer
and chiscl for removal and sometimes even
axes.

Four plunts uxe watgr jets with pressures of
from 300 to 3,000 Ih/sq in for the clcaning
operation. One of these usdd water jets only in
ane of (wo production buildings, as the strue-
tional features interdercd with movement of the
poriable high-pressure witer unit about  the
building. Three other plants” have been using
solvents for retetor cleaning. One of thea
starfed to wse this mothod late in 1961, o
secondd in 166, and the third from the Ixgin-
ning of plant operation in 1966, The renctor is
fillexl with the solwnt which must be heated
and apilated for o prolonged period, ax the
'V ix difiivalty soluble

Polyvingl  Chiuride  Compounding.—am-

Archk Snviron Il.t'n”hv-\'ul 2 dan 1971
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Toble 3.—Magnitude of Dosage Expressed as Single Concept

at a weekly, monthly, or

Sevenity/Duration Exposure Parameterst

other period. -
o A clissification of 26 job

_Mumtude- '-l:a-s '-l'hlm T 1-8 More Than titles for ti\e statistical pur-
s:::'ouge 1 hr/Week hr/Week 8 hr /Week poses of this study was pre-
1 Negligible None None pared (Table 1). These job
g Negligible :onﬁg " titles mmpondcd to com-
[T e N .
4 Moderate None None parable operations in all the
[ Moderate Negligible None plants and to a common
m.s — Moderate Negligible mrl;d of types of explOSl;:res
e to production materials. Ev-
7 Appreciable None None . .
8 Appreciable Negligible None - ery job in each of the plants
9 - Appreciable " :‘l“lib" was given its fraction of
10 oderate one . L .
. time related to the job title
1 . © Moderete Negligible
12 " M::hntl as defined for the study. De-
Ma : tails of the manner in which
I‘SM Appreciable Modarate None this was done are discussed
14 Appreciable . Moderete N .
18 Appreciable None in the accompanying paper
16 Apprecisble Negligible on epidemiological aspects
17 Appreciabie Moderete of AOL®
18 Appreciable

® Expressed in order of increasing dosage received from exposure, which

Is the summation of the three columns to the right.

t Severity of exposure is estimated az none, negligible, moderate, or

sppreciable {or indicated durations.

pounding consists of mixing PVC with a multi-
plicity ol plasticizers, antioxidants, pigments.
emulsifiers, stabilizers, and other special com-
pounds in ribbon blenders and mills. The mix-
tures are then passed through roll mills or
mixers, such as are used in the rubber industry,
where the temperature may rise sufficiently to
vaporize some of the plasticizer and other vola-
tile constituents. The compounded polymer is
then extruded through rolis or dies to form
sheets, films, or pellets, These are used in
fabricating operations.

- -Job Classification

Many variables were introduced in the
plants surveyed and even in different units
of the same plant in regard to nearly every
phase of the operations. Investigation of
unit jobs in the plants disclosed a wide
assortment of job titles, In fazt, a job title as
wsed hy the technical supervisors often dif-
fered from that for the same job in the
same plant as listed by the personnel de-
partment.

Furthermore, a2 job assignment in one
plant might include 2 different group of unit
operations than in another plant, Also, the
proportion of time devoled 1o the several
it operations often differcd. “Fo compound?
e diflicultic: of  elassification,  workers
wotthd frequently rotate theouph several jols

Jab Progression—Often
the first job assignment of
the new employee is that of
reactor cleancr, Unless there
are many reactors, this work docs not require
the entire time of the employee. Part of his
time may be spent in bagging or shipping
finished polymer or in the handling of cata:
lysts and other additives.

As job openings arise and with accretion
of seniority, this employee may progress to
higher skilled jobs such as reactor, monomer
recovery or dryer operator, or any combina-
tion of these at any one time. :

In plants producing other products in ad-
dition to vinyl chloride polymers, employees

" may transfer between these product areas

either ag full time for a period of months or
dividing their time within a given week or
even day. The latter occurs particularly
among maintenance parsonnel.

Where production of vinyl chloridg is part
of the operation, operators mayv rolate be-
tween jobs in the production of the mono-
mer and those associaied with the produc-
tion of the polymer. T

‘The lenpth of time spent at variows jols is
a function of production newsds, cconomic
conditions, plant growth rates, and adtivity
of other product lines.

Occupational Fxposures to Materials

Extent of Exposures.—Intormation wis
obtiined not only on cach of the paterinds

Arch Envieor- [lealth Vol 22, Jan 1971
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used or produced but also on the extent of
expasure to oach, Since this ix a finction of
both duration and xeverity, vach of these
factors was estimated, ‘Vhe doration of expo-
sure was recorded as less than one hour a
week, from one lo eight hours a week, or

. more than eight hours a week; the severity

as negligible, moderate, or appreciable.
Since it was not known whether the materi-
-als might be absorbed through the ve-
spiratory tract. through the skin, or both,
the extent of exposure as related to each of
these avenues of absorptlion was recorded,

For statistical purposes, it was desirable
to combine these two factors of exposure
into a single dose vajue, ARhotgh admitted-
ly the eflect of exposure 10 materials with
differing physiological responses would vary
somewhat with different combinations of de-
grees of duration and severity, the 18 possi-
ble combinations of duration and severity
were listed in increasing order of dosage and
classified in three groups of dose values des-
ignated as slight. intermediate, or major,
These combinations are presented in Table
2

Mbaterials Involved.—A total of 227 different

* materials were used or produced in the forma-

tion of PVC, the copolymer vinyl chloride-vinyl
acetate, and other copolymers and terpolymers
incorporating vinyl chloride. These materials
included monomers, polymers, catalysts, disper-
sants, inorganic compounds for coalescence reg-
ulation, emulsifying agents, surfuctants, and or-
ganic solvents (including hydrocashons, both
aliphatic and aromatic, ketones, esters, and
chlorinated hydrocarbons). Thia total of 227
materials does not include the many more used
in the compounding and fabricating plants.

A computer analysis of exposures to these
materials was undertaken, but up to the pres.
ent time, this has disclosed no constellation of
materials introduced into the batch at the
plants exhibiting cases of AOL that was not
used in plants without cases, However, special
corsideration was given to certain suspect ma-
terials and also to certain details of prucedure.

Vinyl Chloride Exposurea.—In evaluating
the role of vinyl chloride as a possible in-
fluence in the causation of AQL. the csti-

"mates of the extent of the exposure of re-

actor cleaners and’ reactor operators were
reviewed. Since the authors condueted no nir
analyses, they had to judge the presence of
vinyl chloride in the charging floor area
principally on the busis‘ of general ventila-

OCCUPATIONAL ACROOSTEOLYSIS—COOK KT AL ' 1)

Tabld 4.—Use of Inhibitors With Vinyl Ciloride

Use of inhibilors

[}

i ImVinyt .
In Wirgm : Chiutide
Vinyt Chioruie ! Recovary
FPlants with -
AOQL cases or
__possible cases 2 2
Plants without
AOL cases 2 4

tion provided and odor observed. '"he odor
of vinyl chloride couid be detected in the
immediate vicinity of reactors as they were
first opened and also when they were first
being vented into the charging room area.
Air analyses conducted by others have
shown vinyl chloride concentrations in the
reactor prior to ventilating to be in the
order of 3,000 ppm. The lower limit of
detection of vinyl chloride by odor is accept-
ed as 400 ppm. Except under the foregoing
conditions, the odor of vinyl chloride was
not observed in the general room air.

The reactor cleaner enters the reactor af-
ter the aeration has reduced the vinyl chlor-
ide exposure to what is considered satisfac-
tory limits. normally 15 or 20 minutes. The
test is either by sniffing at the manhole
opening or by use of a flammable vapor
indicator. With the lower explosive limit of
vinyl chloride at 4%, it requires 400 ppm
for the usual type of flammable vapor indi-
cator to give a positive reading.

Where 8ir analyses have becn made in a
small number of plants with more semsitive
instruments, such as the gas chromatograph,
it has been found that the vinyl chloride
concentration inside the reactor during
scraping operations tends to be below 100
ppm and usually about 50 ppm. With the
residue containing some unpolymerized vi-
nyl chloride, small amounts of this gas are
released as scraping is carried on. Air anal-
yses have shown vinyl chloride concentra-
tions close to the hand during scraping in
the range of 600 Lo 1,000 ppm. ~

Although this study provided no evidence
to suggest that vinyl chloride per se is the
ctiological agent, the measurement of vinyl
chloride concentrations may serve as a use-
ful index to the adequacy of reacior ventila-
tion, )

Inhibitors in Vinyl Chloride.—An inhibi-
tor, usually phenol, may he ‘ndded o the

Arch Environ Health—Vol 2, Jan 1971
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Table 5.—Reactor Cleaning Procedures

OCCUPATIONAL ACRNOSTEOLYSIS—COOK ET AL

as a possible factor in the

Hand Scraping Cloasng by

Cloamng by causation of AOL. Contact
- Salvent with these inorganic and or-

- ganic peroxides occurs as
they are handled prior to

their introduction into the
reactor and also during re-
actor cleaning if any unre-
acted catalyst remains in the
residue, Twenty-two of the
26 plants used lauroyl perox-
ide. Eight of these were
plants with AOL cases or

e me e - - Viater Jct
Plal  After Every Less Than
Code Batch Every Cycle

* Plants with AOL cases
8 . X . ™
E x
F X .
K X L .From 1965
(through
1964) .
R x
1] Every %.12 cycles From 1962
. (builiding A) (building B)

£E - X
Plants with possible AOL cases
-] Every “'several” On glass-lined,

cycles

possible AOL cases, and 14
intermittently were plants without AOL
in 1966, entirely  ¢ases, The next most com-
bty December mon organic peroxide was

Pants with no AQL cases

A X
(to Seplember
' 1964)
[+ X
D From 1962
H X
) Every 24 cycles
L Every 4-8 days
N x
r Waakly From 1965
through 1964,
avery 2 wee'ss
[ 1965-1966
Q X
S x
T x Every 1-3 cycies
(emulision) (suspension)
v Every 10 cycles
2 x
AA Every 4 or more
cycles
[+]] X
<[]

1968 the IPP, and it, too, was in
from September use in both the positive and
1964 the negative plants, in four
. . of the former and in eighti
of the latter. No catalyst or
group of catalysts was used
in all positive plants and in
no negative rlants. i
Constituents of Scrapings,
«—Other suspect materiaks
are constituents of scrapings
removed from the reactors
during manual * cleaning.
These are believed to incdude
some partially polymerized
resing, along with sonw- un-
reacted catulysts and zddi-
tives, and unpolymerized
vinyl chloride. Little specif-

From start of
operations

vinyl chloride to provent spontancous poly-
merization in storage. An inhibitor may also
be added to the vinyl chloride recovered
from the reactor. The phenol is removed by
treatment with caustic soda prior to its
transfer to the reactor. The pructice over the
years covered by the study is presented in
Table 2. 1he use of the inhibitor in the
virgin vinyl chloride 0t two of the positive
plants and thriee of the negative plants, with
inhibitor being added in the vinyl chlorine
recovery  operation .in lwo positive planis
and four negative plants, leads te the cam-
clusion that inhibitory probably are not a
Lactor in AOL causation

Catalyst Exposires—Sinee the eatildysts
are all active componnida, they were suspuecd

ic information is currently
available concerning these constituents. It has
been reported that lauroyl peroxide is definite-
ly awociated with residunl PVC particles,
whereax little of the 1P remains unreacted
in the polymer.? -
Further investigation of the sérapin
from the resctor may be expected o fumish
information that may lead to a better under-
standing of the factors involved i causation:
of AOL. A difliculty in such investigation -
that the compesition of the scrapings is
continunlly changing from the time they arnc
remaved irom the surfaces of the reactor, 1
is ohvious that comparativety small mole.
cules of partially polymerized vinsl chlorine
are incrensing it size with passigee of tine,
ana active constitients sueh as residic o,

Vet LEnvvron Healtnn <ol 9 Jun 100t
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Table 6,—Reactor Clzaning Procedures

81

tile materialz remaining in the residue follow
ing application of vacuum would approximate a
nondimensional value abtained by dividing the

. absolute pressure in incaes of mercury hy the

Positive Negative
Method Plants Plants
Manual scraping after
every reactor cychf 7 9
Manua! scraping after
2-3 cycles 0 2
" Manual scraping after . .
4-12 cycles -2 4
Water-jet cleaning .. 2. 2
Organic-solvent cleaning 1 2

alyst and vinyl chloride monomer are de-
creasing or may no longer be present.

Procedures Affecting
Exposures of Reactor Cleaners

Since all but one of the 25 operators
diagnosed as positive for AOL had worked
ag reactor cleaners and the one exception
had cleaned laboratory reactors,® additional
inquiry was made of procedures that might
affect the exposures of this group of workers.

Reactor Cleaning Procedure.—The number
of man hours required to cleun the reactors
depended hot only on the number of reactors

* but also on the frequency of cleaning. In 16 of

tha 26 production plants, reactors were manual-
ly cleaned after every batch. This was true of
six of the seven positive plants and one of two
plants with possible AOL cases. In only nine of
the 17 plants with no AOL cases were reactors
manually scraped after every batch,

The procedures followed in each of these
plants anpears in Table 4 and an analysis of
the types of procedure by positive and nega-
tive plants in Table 5.

Procedures Following Completion of Poly-
merization--Since vinyl chloride and other vol-
atile components of the residue remaining on
the reactor surfaces following discharge of the
batch might be factors in AOL cauantion, infor-
mation wis obhlained concerning the degree of
vacuum applied o the reactor prior to opening
it and the length of time that the reactor was
under this reduced pressure. The amount of
volatile materials remnining in the residue on
the reactor surfuces wiak considered {0 e

. toughly proporfional to the absolute pressurce
and inversely proportional o some function of
the time. Since the rate of removal of volatile
maderial would tend to duocrease with time, the
lognrithm of this faclor was used in caleulating
an ahsolute pressure-time (AP-T) value. 1 was
hypothesized that the relative :mount of voly-

logurithm of the time in minutes during which
the vacuum was applied. Thus, the lower the
AP-T value, the less iz the amount of wvolatile
materiasls remaining in the residue.

* Another factor affecting removal of vola-
tile materials is the temperature range over
the period that the reactor is under vacuum,
The variables in temperature control were
so diverse that this factor defied classi-
fication and could not be incorporated in the
parameter under consideration. Aclually,
variations in degree of vacuum and timing
of its application were such that meaningful
calculation of an AP-T value could be ac-
complished only for five of the seven posi-
tive plants, one of the two with possible
cases, and 14 of the 17 negative plants.

In the subsequent discussion of these val-
ues, the three plants that started in opera-
tion as recently as 1965 and 1966, all with
no AOL cases, are not included as it is not
known whether sufficient time had elapsed
for cases to have developed by the terminal
date of the study period, These vlants are
listed separately in Table 6.

The AP-T values ranged fro'n 0.5 to 21,
‘The AP-T values were 10 <r above (an
entirely arbitrary division line) for four of
the five positive plants and for one of the
two plants with possible AOL cases. Four of
the negative plants gave AP-T values below
10, and seven gave values of 10 or above.

Consideration is directed to the number of
reactor cleaners and the corresponding num-
ber of expected AOL cases in the two groups
of positive plants as compared with thase in
the negative plants.

The total number of reactor cleaners at
risk in the posilive or possibly positive
plants with an AP-T" value of less than 10 is
63; that in such plants with an APT value
of 10 or more is 436. The relation of these
two totals is 1o be compared with that of the
negative plants in which 193 reactor clean-
crs at risk are in the four plants with an
AP-T of less than 10 and 132 are in the
seven plants with an AP-T above that valuc.

The number of expected cases of AQL for
each plant ix also listed in Table 6. These
values were obtained by dividing the num-
ber of nactor clenners ot risk by 37 This
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figure derives from the paper on epidemio-
Jogical aspects of AOL® which reports the
prevalence of AOL or possible AOL as one
case per 37 reactor cleaners at risk.

Of the negative plauts with an AP-T val-
ve of 10 or more, none of those in operation
. carlier than 1965 hrd enough reactor clean-

. ers at risk to expect an AQL case, wherease
two of the four plants with an AP-T value
under 10 have enough.workers to expect
cases. Cases would be expected from the
total population of reactor cleaners in the
entire group of the seven negative plants
with AP-T values of 10 or more, but the
total number would be 3.6, as compared
with 5.3 expected cases from the entire
group of four negative plants with an AP-T'
value of less than 10, This contrasts with
expected cases in the group of positive
plants with an AP-T value of less than 10 as
1.7, compared with 11,8 in such plants with
an AP-T value of 10 or more.

‘The proportion of the number of reactor
cleaners in the negative plants with an AP-T
value of less than 10 to the total number
in such plants was 193 to 325. This propor-
tion for the positive plants was 63 to 459. A
x? t=st demonstrated that the probability of
this difference between the negative and the
positive plants oceurring by chance is less
than 0.001.

In order to make this comparison between
the positive and negative plants with AP-T'
values helow and above 10, it was necessary
to oversimplify a multiplicity of varying de-
tails of operational procedures from the time
the polymerization iz completed to the time
the cleaner enters the reactor. Accordingly,
any interpretation of the findings that re-
duction of the AP-T value beclow 10 by
reducing the absolute pressure or keeping
the reactor at reduced pressure for a longer
time or both may results in reduction in
development of AOL cases should be ap-
proached with great caution.

Preventive Meaqma
The present knowledge as to AOL is such

- that categoric statements as to preventive

measures are not justified. However, on a
somewhat speculative basis, some measures
are indicated that may be conducive to AOL
prevention:

1. Although some manual removal of resi-
due from reactor surfaces may be required
when solvents or high-pressure water jeis
dre used for cleaning, the more extensive
employment of these methiods would greatly
reduce the number of man hours required
for_ conducting this operation by manual
methods. -

2. The adequacy of ventilation of reactors
prior to entry should be checked with
flammable vapor indicator equipped with a
scale of greater sensitivity than 19, of the
lower explosive limit of vinyl chloride or
with other instruments of such sensitivity.

3. Further investigation of the constituen-
cy of the serapings from the reactor surfaces
should be considered, as such information
might disclose the factor responsible for the
causation of the disease.
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