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 Yitia 40— Protection of Environment

CHAPTTR —ENVIRONMENTAL
PROTECYION AGENCY

. SUBCHAPTER C—AIR PROGRAMS
{FRL 618-1)

PART 61-—NATIONAL EMISSION STAND-
ARDSFOR HAZARDOUS AIR POLLUTANTS

Standard for Vinyl Chloride

On December 24, 1975, under section
112 of the Clean Alr Act. as amended (42
U.8.C. 1857, the Environmental Protec-
tion Agency (EPA) added vinyl chloride
to the list of hazardous nir pollutants
(40 FR 59477) and proposcd o national
emission standard for it (40 F'R 59532},
The standard covers plants which manu-
facture ethylene dichloride., vinyl
chloride, and/or polyvinyl chioride,

EPA decided to regulate vinyvl chloride
because it has been implicated as the
causal agent of angiosarcoma and other
serious disorders, both carcinogenic and
noncarcinogenic, in people with occupa-
tional exposure snd in animals with ex-
perimental exposure to vinyl chloride.
Reasonable extrapolations from these
fndings cause concern that vinyl chlo-
ride may cause or contribute o the same
or similar disorders at present ambient
air levels. The purpose of the standard is
to minimize vinyl chloride emissions
from all known process and fugitive
emission sources in ethylene dichloride~
vinyl chloride and polyviny! chlorde
plants to the level attainable with best
available control techinology. Tais will
have the effect of furthering the protec-~
tion of puklic health by minimizing the
health risks to the people Living in the
vicinity of these plants and to any addi-
tional people who are exposed as a result
of new construction.

Interested parties participated in the
rulemaking by sending comments o EPA.
The comments have been careiully con-
sidered, and where detcrmined by the
Administrator to be approprizte, changes
have beeit made to the regulation as pro-
mulgated. -

BUMMARY OF THE STANDARD

In ethylene dichloride-vinyl chloride
plants, the standard limits vinyl chloride
emissions from the ethviche dichloride
and vinyl chloride formation and puri-
fleation processes to 10 ppm. "or the ox-
ychlorination process, vinyl chloride
emissions are limited to 0.2 g/kg of ethyl-
ene dichloride product,

In polyvinyl chloride plants, the stand-
ard limits vinyl chloride emissions from
equipment preceding and including the

stripper in the plant process fiow o 10

ppm. Emissions from equimment follow-
ing the stripper sre to be controlled by
stripping dispersion resins to 2000 ppin
and other resins to 400 ppm, or by using
equivalent controls. Vinyl cnlorite emits~
stons from reactor opening are to be re-
duced to 0.02 g/kg polyvinyl chloride
product.

In both ethyvlene dichloride-vinyl
chloride and polyvinyl chloride plants,
relief. valve discharges and manual vent-
ing of gases are prohibited except under
emergency conditions. Fugitive emissions
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nore requircd to be capturcd and con-
trolied,

HEALTI{ AND ENVIRONMERTAL IMPACTS

¥PA prepared a document entitled the
Quantitalive Risk Assessment for Com-
munity Erposurc to Vinyl Chloride which
estimates the risk from vinyl chloride
exposure to populations living in the vi-
cinity of vinyl chloride-cmitting plants
before and after implementation of con-
trols to mect the standard. There are no
dose-response data for the concentra-
tions of vinvl chloride found in the am-
bient air. Therefore, assessments of risk
at ambient levels of exposure were ex-
trapolated from dose-response data from
higher levels of exposure using both a
linear model and a log-probit model.
Extrapolations made with each of these
models entailed using different sets of
assumptions, Because different assump-
tions can be made in extrapolating to
iow doses, the health risks are reported
in ranges. .

It was estimated that 4.6 million peo-
plz live within 5 mijles of ethylene dicho«
ride-vinvl chlgride and polyvinyl chlo-
ride plants and that the average ex-
posure around these plants before instal-
lation of contrcls to meet the standard
is 17 parts per billion, The exposure
levels for uncontrolled plants were cal-
culated based on estimated 1974 emis~
sion levels. Using the linear dose-re-
sponse rodel, EPA found that the
rate of initiation of liver angiosarcoma
anmiong people living around uncontrolled
plants is expesied to range from less than
one to ten cases of liver anglosarcoma
per vear of exposure to vinyl chloride,
The log-probit mode! gave predictions
that are 0.1 to 0.01 times this rate. This
wide range 1s an indication of the un-
certainties in extrapolation to low doses.
Due to the long latency tinie observed in
cancer cases resuiting irom vihiyl chlorice
exposure. increases nitisted by exposure
this year will not be diagnosed until the
1950's or later. Vinyl chiloride is also es-
timated to produce an egual number of
primary eancers at other sites, for & total
of somewhere hetween less than one and
twenty cases of cancer per year of ex-
posure amonhg residents around plants.
The number of these effects is expected
to be reduced at least in proportion to the
reduction in the nmbent annual average
vinyl chloride concentration., which is
expected to be 5 percent of the uncon-
trolled levels after the standard is im-
plemented.

Changes In the standard since pro-
posal do not affect the level of control
required. Thus, the environmental im-
pact of the promulgated standard is,
with one exception, the same as that
deseribed m Chapter 6 of Volume I of
tire Standard Support and Environmen-
tal Impact Statement. According to data
submitted by the Society of Plastics In-
dustry, 1ne. (SPI), the impact on water
consumption in the draft environmental
impact statement was overstated. In es-
timating the impact on water consump-
tion, EPA bused its estimates on worst
case conditions, That s, EPA nssumed
that those control systems with the

rreatest water usare wonid ba emplove
and that there would be no recyclin:g
of water, There i5s no resulation which
would require water recycling. Accord-
ing to SPL, the control system utilizing
the most water will not be used pener-
nlly by the industry and economic fac-
tors will ¢cruse plants to recycle much
of the wnter. Therefore, nccording to
SPI the impact of the standard on water
consumption will be negligible.

The environmental impacts of the
promulgated standard may be summnr-
ized as follows: The primary environ-
mental impacts of the standard are ben-
eficinl and will consist of vinyl chloride
emission reductions of approximaiely 94
parcent at ethylene dichloride~viny}
chloride plants and 95 percent at polv-
vinyl chloride plants. Percentage num-
bers for both source catepories are based
on an estimated 90 percent reduction in
fugitive emissions. and 1974 emission
levels. .

The potential secondary environmen-
tal impacts of the standard are either
insignificant or will be mirimized with-
out additional action. except for one ad-
verse impact. Hydrogen chloride is al-
ready emitted by process cequipment at
ethvlene dichloride-vinyl chioride plants
and by other petrochemicnl plants in the
complexes where ethylene dichloride-
vinyl chloride plants are typically lo-
cated. An {ncinerator used to attain the
standard at an ethylene dichloride-vinyl
chloride plant could increase hydrogen
chloride emissions by several fold. Typi-
cally, however, due to the corrosion prob-
lems which would otherwise occur both
on plant property and in the community,
plants use scrubbers to control already
existing hydrogen chloride emissions.
Hydrogen chloride emissions resuliing
from control of vinyl chloride emissions
are expected to be controlled for the
same rezson. If even a moderately effi-
cient serubber (98 percent control) were
used to control the hydrozen chloride
emissions resulting from incineration of
viny]l chloride emissions, the increase in
hydrogen chloride emissions from a typ-
ical ethylene dichloride-vinyl chloride
plant due to the standard would be re-
duced to 35 percent, However, EPA plans
to further evaluate the need to control
hydrogen chloride emissions, since dif-
fusion model results mdicate that under
“worst-case” meteorological conditions,
the bydrogen chloride emissions from
the process equipment and Lthe incinera-
tor combined would cause maximum am-
bient concentrations of hvdrogen chlo-
ride in the vicinity oi ethylene dichlo-
ride~vinyl chloride planis te be in the
same range or somewhat lLiigher than
existing forcien standards and National
Academy of Sciences (NAS) guidelines
for public exposure.

EconoMmic Impact

In sccordance with Executive Order
11821 and OMB circular A-107, EPA
carefully evaluated the economic and
infintionnry impact of the proposed
standard and alternative contro! levels
and certified this in the preamble to the
proposed standard, These impacts are

BOR 004917

’




. discusesd in Chapler 7 of Volume T of

the Standard Support and Enptronmen- -

tal Impact Statement. Comments on the
proposed standard have resulted in only
one mejor change in the economic im-
pact analysis, EPA estimated that there
would be four plant closures ns a result
of the promulgated standard. Of the four
plants {dentifted as possible closure can-
didates, one has given notice that 1t no
ldnger produces polyvinyl chloride and
the other three have indicated that thay
do not intend to close as a result of the
standard.

_ The cconomic impacts of the promul-
gated standard may be summarized as
follows: The total capital cost for exisi-
ing plants to meet the standard is esti-
mated to be $198 millicn, of which $15
milllon is for ethylene dichloride-vinyl
chloride plants and $183 miilion is for
polyvinyl chloride plants. EPA estimates
that these plants will have to spend £70
million per year to maintain the requured
emission levels. In adcdition. the total
capital cost for existing plants to mect
the EPA's 1983 water effuent guideline
limitations is expected to be $83 miilion
and the total annualized operation cost
is $17 million. The costs to the industry
of meeting the OSHA standard cannot be
quantified at this time, but they are ex~
pected to overlap to some degree with the
costs to meet EPA's fugitive ermission
regulations. The costs of meeting the
fugitive emission reguiations are included
in the total costs cited above for meeting
the promulgated rezuiation. Broken out
separately, the capital cost of meeting
the fugitive emission regulations is $37
million and the annualized cost is $25
million, '

The standard s not expected to deter
construction of new ethylene dichloride-
vinyl chloride plants or most types of
new polyvinyl chloride plants. For one
type of polyvinyl chloride plant (disper-
slon process) that represents 13 percent
of the industry production, the standard
would sigmificantly deter the construc-
tion of smaller planfs.

It is estimated that the price of poly-
vinyl chloride resins will risc by approxi-
mately 7.3 percent In order to maintzin
precontrol profitabllity and also to re-
cover the total annualized control costs
necessitated by the standard at ethylene
dichloride-vinyl chloride plants and poly-
vinyl chlonde plants. This increase 1s
estimated to translate into a maximum
consumer price increase in goods Iabri-
cated from polyvinyl chloride resins of
approximately 3.5 percent. Recovery of
efffuent annualized costs plus mainte-
nance of precontrol profitability Is estl-
mated to add approximately 2 percent to
polyvinyl chloride resin prices and result
in an additional moximum consumer
price Increase of 1 percent,

PUBLIC PARTICIFATION

During the public comment period, 50
comment letters on the proposed stand-
ard were received. There were 24 {rom
industry: 3 from environmental grouns;
13 from Federul, State, and local agen-
cles; and 8 from individual citizens. As
required by, section 112(b) (1) (B) of the
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Act. a public hearing was hcld on the
proposed standard on February 3. 1876,
in Washinaton, D.C. Presentations were
made by the Environmental Defense
Fund. the Socieiy of the Plastics Indus-
try, Inc.. Dow Chemical Company, Dia-
mond Shamrock Corporation. and Alr
Products and Chemicals, Inc. Copies of
the comment leiters received, the public
hearing record, and a summary of the
comments with EPA's responses_ are
available for publie inspection and copy-
ing at the EPA Public Informatlon Ref-
erence Unit, Room 2922 (EPA Library).
401 M Street, SW.. Washington, D.C. In
addition, copies of the comment sum-
mary.and Agensy responses may be ob-
trined upon written reguest from the
JPuslic Information Center (PM-2135),
Environmental Protection Agency, 401
M Gtreet, SW,, Washington, D.C. 20460
(specify Stendard Support and Environ-
mental Impact Statement, Emission
Standard for Vinul Chloride, Volume I1),

BIGRIFICANT COVMENTS AND CHANGES TO
THE PROPOSED REGULATION

(1) Decision fo list vinyl chloride as a
hazardous air pollutant. In general, the
commenters did not contest EPA's decl-
sion to list viny: chloride as a hazardous
air pollutant, However. three comment-
ers (two companies and one Federal
agency) argued that EPA placed undue
emphasis on factors suggesting that vinyl
chloride presected g health risk and
ignored factors suggesting thzt no sig-
nificant risk was involved. Under section
112, however, i ’2A could remove vinyl
chloride from ihe list of hazardous air
pollutants only if information were pre-
sented to EFA that shows that vinyl
chloride is clearly not a hazardous air
pollutant. As discussed more fully in the
comment summary, the commenters did
not provide conclusive evidence that vinyl
chloride is not » hazardous air pollutant
which causes or contributes {o death or
seriolis iliness, nor did they conclusively
prove that the health risk factors em-
phasized by EPA were insignificant.

Several other commenters agreed with
EPA’s decisionh 1o list vinyl chloride a5 3
hazardous air pollutant, but argued that
EPA hod overstated the health problem,
the emission levels, and the projected
ambient zir concentrations around un-
controlied planws. With regard to the al-
leged overstated health problem, the
commenters stated, for exampie, that the
U.S. worker EPA discussed as having
been exposed to vinyl chloride levels low-
er than those usually encountered in
polyvinyl chloride production has been
dropped from the National Institute of
Occupational Safety and Health’s listing
of workcrs with angiosarcoma, EPA
agrees that there are questions concern-
ing the level of exposure and in some
cases the pathology of these cases not
involved directly in polyvinyl chioride
and vinyl chloride production. These un-
certaintics are stated in the appropriate
footnotes of the Scicatific and Technical
Assessment Report on Vinyl Chloride and
Polumnyl Chloride (STAR) where the
anglosarcomn cases are listed, However,
in spite of these uncertamnties, in view of

—_— .
¥

the poOssible exrosure palterns, thesc
cases cannot he ignored in the evaluation
of the potential public henith problems,
With regard to the alleged overstated
emission Jevels, the uncontrolled emis-
sion levels reported by EFA were based
on 1974 data. This qualification was
stated wherever emission data were pre-
sented. EPA recognizes that emissions

have been recduced since that time, and .

stated this in the preamble to the pro-
posed standard. EPA decided not to
gather more recent data on emission
levels, because these emission levels are
expected to change, and gatherng the
~data would take cons:derable time both
on the part of EPA and on the part of
industry. Since the purpose of the stand-
ard is to minimize emissions, tnese more
current dats would not-atffect the stand-
ard itself. The 1974 emission levels were
also used in diffusion modeling to project
maximum ambient afr concentrations
arourd uncontrolled plants. These maxi-
mum 2ir concentrations would probably
be lower if 1976 emission levels were used.
This would reduce the reiative impact
of the standard below that described in
the Standard Support and Environmen-
tal Impact Statement, but would not
affect the basis of the standard itself.

(2) Approach for Regulating Vinyl
Chloride Under Section 112. Two ap-
proaches other than using best avall-
able control technology were suggested
by the commenters for regulating vinyl
chloride under section 112, The first was
to ban polyvinyl chioride products for
which substitutes are currently availlable
and to gradually phase cut other poly-
vinyl chloride products as substitutes
are developed.

In the preamble to the proposed stand.
ard EPA spectfied its reasons for not set-
ting a zero emission limit for vinyl
chloride, as follows: (1) There are bene-
ficial uses of vinyl chloride products for
which desirable substitutes are not read-
ily available; (2) there are potentially
adverse health and environmental fm-
pacts from substitutes which have not
been thoroughly studied; (3) there are a
number of employees, particularly in the
fabrication industries, who would be-
come at least temporarily unemployed:
and (4) control technology is available
which is capable of substantially reduc~
ing cmissions of vinyl chloride into the
atmosphere.

EPA agrees that substitutes do exist or
could be mapufactured for most poly.
vinyl chloride uses. However, in genecral,
these substituies do not have some of the
more desirable characteristics of polye
vinyl chloride, such as nonflammability.
If vinyl chloride and polyviny! chloride
were banned, other substitutes with
these more desirable characteristics
would likely be'developed, There is a risk
that these substitutes would also have
adverse henlth or environmental effects,
Bince control measures are available
which can redoce vinyl chloride emis~
sions by 90 percent or more, it does hot
seem prudent to reduce emissions by the
remaining percentage and take the risk
of introducing new untested chemicalg
into the environment. .
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Another approach suggested by the
commenters was to base the siandard for
each Individual emission point on cost
versus benefif. Several of the fuzitive
emission sources were named specifically
s ones for which the costs of control
were substantially higher than the bene-
fits. Although EPA did determine a cost-
benefit ratio for the controls required
for a number of emission points, ETA
does not believe such a ratio is an appro-
priate basis on which to set a standard.
Section 111 of the Clean Alr Act provides
for the development of standards based
on best control technology (considering
costs). Even under section 111, however,
standards are not based on a fire bal-
ancing of costs versus benefits. Instead,
costs are consicered in terms of the af-
fordability of the control technology re-
quired to achieve 2 given emission level
and the economic impact of poszible
standards on the industry in ques-
tion, Unlike section 111, section 112 does
not explicitly provide for consideration
of costs, so it would clearly be inappro-
priate t0 consider costs to a greater ex-
tent under section 112 than would be
done under section 111. As discussed in
the preamble to the proposed standard
for vinyl chloride, EPA belicves costs
may be considered under section 112, bui
only to a very ‘limited extent; ie, w
assure that the costs of control technol-
© ogy are not grossly disproportionate to
the amount of emission reduction
achieved. In comparison with other
emission points, the costs of controlling
the fugitive emizsion sources mentioned
by the commenters are relatively small
compared with the emount of emission
reduction achieved.

Beveral ccmmenters recommended
adding to the regulation a provision for
excess emissions during startup, shut-
down, and malfunction. EPA consiaered
this comment, and decided that this
sddition is not necessary for the vinvl
chloride standard. &iartup and shutdovn
of the process has essentially no coffect
on emissions to the aunosphere for poiy-
vinyl chloride preduction, and teznnology
exists to avold excess emissions during
startup and shutdown at ethylene di-
chlorideviny! chloride plants. We do not
believe plants should be allowed to emit
excess emissions durnng malfunctions,
and therefore are requiring them to shut
down immediately.

(3) Sclection of source categories. In
the preamble to the proposed standard
EPA recognized that some small research
and development facilities may exist
where the emissions of vinyl chloride are
Insignificant and covering these facilities
under the standard would be unnecessary
and inappropriate. However, EPA did not
have sufficient information avaiiable to
clearly define which facilities should be
excluded from the standard. and
encouraged interested parties to submit
such informatioh during the comment
period. Based on ihe information sub-
mitted, EPA decided o exempt poly-
vinyl chloride reactors and associated
equipment from applicability of all parts
of the standard if the reactors are used

In research and development and have a
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capacity of no more than 019 m* (50
gal). Reactors in this size range can gen-
erally be found in a laboratory. whereas
the larger reactors are typically pilot
scale facilities. Emissjons from laboratory
scale equipment are relatively small, and
application of the controls required by
tlie stundard would be expensive and im-
practical. EPA also decided to exempt re-
search and development facilities con-
taining reactors greater than 0.19 m?® (50
gal) and no more than 4.07 m® (1100 gal)
in capacity from all parts of the standard
except the 10 ppm limit for reactors.
strippers, mononier recovery systems, and
mixing, weighing and holding containers.
EPA decided not to require these facili-
tres to meet other paris of the standard
because of the technical problems in-
volved in deoing so. For example, the
standard for reactor opening Is based in
part on reducing the frequency of open-
ing the reactor. Research and develop-
ment reactors have to be opened after
every batch for thorough cleaning. Also,
stripping technology is developed indi-
vidually for each resin in research and
developinent equipment. Therefore, at-
tainment cof the stripping limitations in
the research and development equipment
would not always be possible. The 4.07
m* (1100 gal) figure was selected as an
upper cut-off point because there are no
comniercial reactors smaller than this.
(4) Emission limits. The only major
change in the emission Himnits between
proposal and promulzation ts the addi-
tion of a provision for emergency manunal
venting of vinyl chiloride from reactors
to the atmosphere. The proposed stand-
ard prohibited all manual verniting to the
atmosphere. In the preamble to the pro-
posed standard, EPA invited interested
persons o comment on whether permit-
{ing manual venting to the atmosphere
could result in overall lower emissions.
There arg several methods available for
preventing relief discharges from reac-
tors, one of which is manual venting of
part of the reactor contents for purposes
of cooling and reduction in pressure
within the reactor. The higher the tem-
perature and pressure within the reac-
tor, the greater the amount of vinyl
chloride which has fo be removed to
bring the reactor under control. Manual
venting can be done at a lower pressure
than the pressure recuired to open the
relief valve. For this reason manual vent-
ing can result in lower emissions than
would occur by allowing the reactor to
discharge through the relief valve, Fur-
thermore, a manusal vent valve is under
the control of an operator and can be
closed. A relief valve may become clogeed
with resin and not clese. The result
wonld he loss of all the reactor contents.
The contents of a reactor can be man-
ually vented to a gasholder or other hold-
ing vessel. However, in some cases, siuch
as during cevere weather conditions, sev-
eral reactors may be out of control at
one time. There would be insufficient
holding capacity under these conditions
to manually vent the contents of all the
reaciors to a gasholder, Therefore, when
all other measures to prevent relief valve
discharges have been exhausted, manual

m

venting will be permitted as r last resort
before the reclief valve opens. The same
notification procedures are required for
manual venting to the atmosphere as are

_required for relicf discharges,

There arc several changes in the nu-
merical emission Ymits in the promul-
gated standard. Except for the standard
for reactor opening loss, these changes
simply involve conversion to the Interna-
tional System of Units (&I). There was
an error involved in the ariginal caleula~
tion used to derive the standard for reac-
tor opening. Correcting this error dou-
bles the allowable emissions. It i5 em-
phasized that the change 1n this stand-
ard is a correction, and not a change in
the intent for the degree of control re-
quired.

The proposed standard reguired the
installation of a rupture disc beneath
each relief velve to prevent leakage from
the relief valve. A provision has been
added to 4£he promulgated standard so
that a rupture disc is not required if
the relief valve is tied into a process line
or recovery system. In this case, any
leakage from the relief valve would bhe
contained.

The regulation for obtaining vinyl
chloride samples has been changed to an
operating procedure. The proposed
standard stated that ther® were to be
no emissions from taking the samples,
Several commenters pointed out that the
use of the word “no” would make this
regulation impractical to enforce. There-
fore, the promulgated standard specifies
the operating procedure which EPA orig-
inally intended to be used to control
this source. This revision is only a change
in wording and does not represent a
change in the level of the standard.

The regulation for taking samples has
also heen revised to apply only to sam-
ples containing at least 10 percent by
weight vinyl chloride, This is consistent
with the other parts of the standard
which apply to equipment “in vinyl
chloride service.” “In vinyl chloride serv-
ice” distinguishes between situationa
where vinyl chloride is clearly involved
and situations where vinyl chloride is a
minor component or contaminant, and
as defined in promulgated §61.61(1)
means that a piece of equipment con-
tains or contacts either a lquid that is
at least 10 percent by weight vinyl chlo-
nde or a gas that is at least 10 percent
by volume viny] chloride.

The proposed standard required a vinyl
chloride monitoring system for continu-
ously measuring vinyl chloride levels both
within the plant (for leak detection) and
within stacks. The proposed standard did
not outiine required specifications for the
monitoring system, except that it was to
analyze the sampleg with gas chromatogz-
raphy, or if all hydrocarbons were as-
sumed to be vinyvl chloride, with infrared
spectrophotometry, flame fon detection,
or equivalent. It required that cach plant
submit a descriptioh of its monitoring
system to EPA, so that EPA could deter-
mine whether it was acceptable or not.
Comments were received indicating a
need for EPA to specify some criterin for
judging the ncceptability of monitoring
systems, The accuracy of the monitors
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* ing system would be related to the fre-
quency of calibration. Therefore. EPA
has included in the promulynted stind-
ard requircments for the Irequency of
calibration and procedures to be carried
out in the calibration of the monitoring
instruments.

‘The portable hydrocarbon detector re-
quired by the proposcd standard was re-
quired to have a sensitivity of 5 ppm.
Comments were received indicacing that
instruments in this sensitivity range ave
delicate and require continuing mamnte-
nance, The portable hydrocarbon detec-
tor is required for leak detection and for
measuring vinyl chloride concentrations
inside the equipment before opening it.
A 5 ppm sensitivity is not needed 1n
either case, and the required sensitivity
has been changed to 10 ppm in the pro-
mulgated standard.

The proposed standard contained a
single regulation for compressors. The
promulgated standard has separate regu-
lations for rotating and reciprocating
compressors. This is consistent with hav-
ing separaiz regulations for rotating and
reciprocating pumps in both the pro-
posed and promulgated standards.

Sectlon 61.66 of the proposed standard
provided for the use of ezuivalent meth-
ods of control which have been approved
by EPA. The promulgated standard re-
quires that the plant owner or operator
submit a request for determination of
equivziency within 30 days,of the pro-
mulgation date if the alternative conirnl
method is Intended as the initial means
of control. The purbose of this is vo pro-
vide time for EPA to evaiuate the method
before the plant has to be in compliance
(for existing sources. 80 days afier the
promulgation date). EPA also suggests
that this request for determinanion of
equivalency be accompnanied by a re-
quest for walver of compliance pursuaut
10 section 112¢¢) (1) (B U of the Act.
The request for a walver for compliance
should provide for the czee where EPA
determines that o method is not equiv-
alent and the plant needs to purchase
other equipment. In no case will the
waiver of compliance be extended beyond
‘gm years from the date of promulga-

on, .

There are several wording clarifica-
tions which have been made in the pro-
mulgated standard. The defnition for
“in vinyl chloride_ service™ (§ 60.61(1))
has heen clarified by stating that it
means equipment that contacts vinyl
chloride as well as equipment that con-
tains vinyl chloride. This would include
such equipment as apitators,

Words have been added in §§ 61.62,
61.63, and 61.64 to clarily that the 10
ppm emission lmits ¢o not have to be
met when equipment has already been
opened In compliance with the regula-
tion for opening of eguipment. Eguip-
ment that has met the opening of
equipment regulation can cottain more
than 10 ppm vinyl chloride ond would be
In violation of the standard it this
statement were not included.

The requirements for stripping poly-
vinyl chioride resins to specifled Jevels
have been revised tn §§ 61.64(e), 61.67
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() (D (i), and 61.70(¢) (2) (1) so that
measurement of the vinyl chloride levels
in the resins is 10 be made immediately
after stripping Is completed rather than
as the resin is being transferred out of
the stripper. This allows a plant to carry
out operztions in a stripper after strip-
ping has been completed but hefore it is
transferred out of the stripper. This Is

* consistent with the orizinal intent of the
standard.

The regulation for loading and unload-
ing lines in % 61.65(b) (1) has been re-
vised to clarify that it applies only to
lines that are disconnected after each
loading or unloading operation. Perma-
nently installed pipelines that are opened
infraquently for mspection or mainte-
nance, for example, are covered by the
opening of equipment regulation rather
than the loading and unloading line
repulation.

The regulation for inprocess waste-
water in the proposed standard cowld
have been misinterpreted to require in~
dividual treatment of wastewater
streams. Sectionn 6165(b)(8) (1) of the
promulzated standard ciarifies that
wastewater streams that are reguired to
be treated (l.e,, those containing greater
than 10 pom vinyl chloride) can be com-~
bined to be treated. However, waste~

s water sireams that contain greater than
10 ppm vinyl chloride cannot be comse
bined with wastewater streams that con~
tain less than 10 ppm vinyl chloride be~
fore treatment; ie., dilution cannot be
used to meet the standard.

Thie commenters recommended several
changes in th2 emission limits which
have not been incorporated into the
promulzated standard. These are dis-
cussed in the following paragrapns.

It was recommended that the require-
ment for double mechanical seals on
pumns, ¢ompressors, and agitators be re-
moved because ihe single seals currently
used on this equpment have small emis-
sicns and are more seliable than double
mechanical seajs. EPA is aware that each
fugitive emission source, such gs one
oump, taken by ittself causes relatively
small emissions. Fugitive emissions con-
sidered as a whole are a significant
source of emissicns, however, and the in-
tent of the standard is to reduce these,
Double mecharnical seal pumps are com-
moniy used in the Incustry for emission
reduction. Sealless pumps or equivalent
systems are available as options to double
mechanical s=als.

The commenters recomnmended in-
creasing the averaging time for the 10
ppm limits and the emission limits for
reactor opening and stripping to 30 days.
Some of the commenters apparently
thought that {re 10 ppm limits had to bz
met on an mstonianeous basts. However,
since the performance test for determin-
Ing compliance consists of three runs for
a2 minimum of an hour each. the aver-
aging time for the 10 pprn limit is at Jeast
three hours. Increcsing the averaging
time to 30 days for any of the emission
limits would permit hizher pcak emise
5100 Jevels. EPA has determined that this
is neither desirable nor necessary.

Some commenters requested that the
stripping levels for dispersion resins be

46553

made the same as for other resins and
others reauested that they be made Jess
stringent. EPA decided not te make the
standard for stripping dispersion resins
the same as for other rosins because there
is sufiicient cvidence to indicate that
thiese resins are more difficult to strip
than other resins. With rerard to mak-
ing the stripping levels for dispersinn
resins less stringent, only one of the einht
manuwfacturers of dispersion resins speo-
cifically commented that the dispermion
resin standard should be made less
stringent. Only two of several grades of
dispersion resins made by this company
cannot meet the 2,000 ppm limit. The
proposed standard takes into considera-
tion that some resins are more ditheu't
to strip than others by providing for
averaging among ditfferent resins,

(5) "Testing, reporting, and record-
keeping. There are several relatively
minor changes in the testing, reporung,
and recordkeeping requirements. A pro-
vision has been added to § 61.67 which
requires that stack gas samples taken
with Test Method 106 are to be analvzed
within 24 hours. This is consistent with
the rcouirementis in the proposed Test
Method 106. The promulgated standard
‘also specifies that in averaging the re-
sults of the three runs required by Test
Method 106, a time-welghted average is
to be used.

One commenter requested that the
oxygen content and moisture content he
specified for the 10 ppm concentration
standards. The proposed standard speci-
fied that the vinyl chloride concentration
{s to be corrected to 10 percent oxypen
(wet basls) if combustion is used as the,
control measure, In the promulgated
standard, this requirement has been ex-
panded to all control measures,

A provision has been added to the
vromulgated standard which states that
if a reactor is also used as a stripper, the
reactor opening emissions may be deter-
mined immediately following the strip-
ping operation. If a reactor is also used
as a ctripper, the resin is in the reactor
when it is opened. This means that vinyl
chioride in the resin which has already
been stripped to acceptable levels can
escape from the resin and become part
of the reactor opening loss, It is EPA's
intent that ofice a resin has been stripped
to the required levels, that adgditional
controls are not required. Under the new
provision, vinyl chloride escaping from
the resin after it has been stripped to
acceptable levels is not counted as part
of ihe reactor opening loss,

A section requiring continuous moni-
toring of stack emissions has been added
to the promulgated standard. The con-
tinuous monitoring of stack emissions
was required in the proposed standard.
The addition of.a specific paragraph for
emission monitoring serves only to
clarify the requirement.

The standard has been revised so that
the initial report requires a “description™
rather than a “detailed deserivtion” of
the cauipment used to control fugmtive
emissions. Several commenters pointed
out that a detalled deseription would
contain proprietary information. EPA
agrees that a detalled description in the
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Irnitial report is unnceessarv., If addi-
ticnal informazion s neeced, TPA ean
obtain it under section 114 of the Act and
the plant ean request confidentiz treat-
ment in accordance with 40 CFR Part 2
for information it belicves to be
roprietary.

v The proposed standard required that
a semiannuz) report be subinitted every
180 days. The promulgated standard
specifies dates for the submittal of the
reports, It also specifics that the first
samiannusa) report does not have o be
submitted until at least six months after
the initial report 1s submitted.

The standard has been revised to elim=
inate the requirement to record the cause
of any leak detected by the vinyi chio-
ride detector, the action taken to repair
the leak, and the amount of time re-
quired to repair the leak. EPA is con-
cerned only that leaks are detected and
repaired. That this has been done can be
established by loviing at the strip chart
record of measurements made by the
vinyl chloride detector. These records are
still required for the portable hydrocar-
bon detector however.

Severpl commentators recommended
that the companies be allowed an extra
two weeks to submit to EPA daia from
the initia} periormance test. They also
recommended that they submit the data
by regular mail rather than registered
mail. EPA has not adopted either of these
recommendations. A source is supposed
to be In complianice with the standard
within 90 days of the promulgation of
the standard. The stondard rejuires that
the emission tests b2 done yrithin the
90 day period, end permits an extra 30
days for determination of resulis. The
purpose of using registered mail is to
document the fact that emissionn data
have been sent and received. This tvay
if the results are lost in the mail, there
will be no quescion that they were sent.

‘(6) Test method. Test Method 106 has
been changed to recognize that on a gas
chromatograph equipped with a8 Chrom-
osorb 102 column, acetaidehvde may
Anterfere with the vinyl chicride peak.
When a sample Is expected to contain
acetaldehyde, & secondary column as de-
scribed in section 4.3.2 must be emploved.
Mass spectroscopy or another absolute
analytical technique is required to con-
firm the vinyl chloride peak obtained
with the gas chromatograph, only if peak
resolution with the secondary column is
not successful.

In section 4.1.4, aluminized Mylar bags
can be substituted for Tedlar bags. EPA
now has data to allow this substitution,
provided that the samples ere analyzed
within 24 hours of colleetion.

In section 5.1.3 of Test Method 106
the requirement to use “oxygen £as’” has
been replaced with “oxyren gas or air, as
required by the dctector.” Several com-
‘mentors stated that most gas cnromato-
graphs are desirmed to use hydrozen and
air for their flame detectors. When used
in this way, they are capable of detect-
ing 0.5 ppm vinyl chloride in air. This is
sensitive enough for monitoring the 10
ppm emission limits stipulated in the
standard, .
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In scction 6.4 of Test Methed 105 the
requirement for nn cutematc integrator
hus been replaced with a reguirement for
o (lis¢ integrator or planimeter for meas=
uring peak arex. This change is in re-
sponse to a comment which states that

altomatic intcgrators are unnecessarily

elaborate and expensive,

A new section €.5 has been added to
Test Method 106 which requires deter-
mination of the water vapor content of
the sampling bag by measuring the am-
bient tempcerature and pressure near the
bag. The vinyl chloride concentration of
the bag can then be reported on a dry
basis. A provision for checking the rigid
contamer for leaks has been added to
section 7.4 of Test Mecthod 108,

The only change in Test Method 107 is
the provision in Section 5.3.2 for usec of

.Carbopak C as well as Carbopak A.

—

AvUTItor:Ty; Sectlon 112 of the Clean Alr
Act as rdded by gec. &(a) of Pub. L. 51.604,
81 Stat. 1686 (42 U.8.C. 1837c-7; Section 114
of the Clesn Alr Act, aa ndded by sec. 4(a)
of Pub. L. 81-C04, §4 Stat. 1687, and amended
by Pub. L. 93-318, sec. 6(a) (4), B8 Stat. 259
(42 U.8.C. 1857¢~D); Rection 301(a) of the
Clean Alr Act, as amended by sec., 156(c) (2)
of Pub. L. §1-604, 84 Btat. 1713 (42 US.C.
1857g(a)).

Dated: October 12, 1976,

JOEN QUARLES,
Acling Administrator.

Part 61 of Chapter I, Title 40 of the
Code of Federal Regulations {s amended
as follews: The teblz of sections for Part
61 is amended by adding a list of sections
for new BSuvbpart P and Part 61 is
amended by adding a new Subpart F
reading as follows:

Subpart F-~National Emission Standard for Viny!
Chioride

Sec.

61.60
§1.61
61.62

Applicabllity,

Definttions.

Ernission standard for ethylene di-
caloride plants.

Emjeston standard for vinyl chlorlde
plants. .

Emission £tandard for polyvinyl chlo-
ride plants.

Emission standard for ethylene i-
chiloride, vinyi chloride and poly-
vinyl chloride plants.

Equivalent equipment and procedures.

Emission tests.

Emiszlon monitoring.

Initial report.

6170 Semiannual report.

61.71 Recordkeeping.

AvutHonrrry; Seciion 112 of the Clean Alr
Act as added by rec. 4(a) of Pub. L, 81-604,
84 Stat. 1685 (42 US.C. 1857c-7); sectlon 114
of the Clean Alr Act, as added by sec. 4{a)
of Pub. L. 51-G04, 84 Stat. 1687, and amended
by Pub. L. 93-318, sec. 6(a) (4). B8 Stat. 259
{42 U.B.C. 1857¢-9); section 301(a) of the
Clean Alr Act, A3 amended by sec. 15(c¢) (2)
of Pub. L, 91-604, 84 Stat., 1713 (42 US.C.
1867z (a)). ~ N

Subpart F~—National Emission Standard
for Vinyl Chlorida
§ 61.60 Applicability.
(a) This subpart applies to plants
which produce:

(1) Ethylene dichloride by reaction of
oxygen and hydrogen chloride with
ethylene, '

61.63
61.64
61.65
61.66
61.67

61.68
61.69

m

(2) Vinyl chloride by uny prozess,
and/or

{(3) One or more polymers._containing
any fraction of polymerized vinyl chlo-
ride.

_(b) This subpart does not apply to
equipment used in rescarch and develop-
ment if the reactor used to polvmerize
the vinyl chloride processed in the equip-
ment has a capacity of no more than
0.19y m? (50 gal). -

(c) Sections of this subpart other than
£ 61.64(a) (1), (D), (), angd (d) do not
apply to equipment used in research and
development if the reactor used to po-
lymerize the vinyl ehloride processed in
the equipment has a capacity of greater
than 0.19 m® (50 gal) and no more than
4.07m* (1100 gal).

§ 61.61 Definitions.

Terms used in this subpart are defined
in the Act, in subpart A of this part, or
in this section as follows:

(a) “Ethylene dichloride plant” in-
cludes any plant which produces ethvi-
ene dichluride by reaction of oxygen snd
hydrogen chloride with ethylene.

(b) *Vinyl chloride plant” includes
any plant which produces vinyl chloride
by any process.

(c) "Polyvinyl chloride plant” {includes
any plant where vinyl chloride alone or
in combination with other materials is
polymerized.

(d) “Slip gauge” means a gavge which
has a probe that moves through the gas/
liquid Interface in a storage or transfer
vessel and indicates the level of vinyl
chloride in the vessel by the physical
state of the material the gauge dis-
charges.

(e) “Type of resin” means the broad
classification of resin referring to the

- basic manuiacturing process for produc-

«Jng that resin, including, but not limited
to, the suspension, dispersion, latex, bulk,
and solution processes.

(f) “"Grade of resin” means the sub-
divisioii of resin classification which de-
scribes it as a unique resin, i.e., the maost
exact description of a resin with no fur-
ther subdivision.

(g) “Dispersion resin” means a resin
manufactured in such away as to form
fluid dispersions when dispersed in a
plasticizer or Dplasticizer/diluent mix-
tures,

(h) “Latex resin” means a resin which
is produced by a polymerization process
which initiates from free radical catalyst
sites and is sold undried.

(1) “Bulk resin’' ‘means a resin which
Is produced by a polymerization process
in which no water is used.

(j) "“Inprocess wastewater” means any
water which, during manufacturing or
processing, comes into direct contact
with vinyl chloride or polyvvinyl chloride
or results from the production or use of
any raw materia}, intermediate product,

. finished product, byzproduct, or waste
product containing vinyl! chloride or
polyvinyl chloride but which has not
been discharged to a wastewater treat-
ment process or discharged untreated as
wastewater.

(k) "Wastewnter treatment process™
includes any process which modifies
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characteristics such as BOD. COD, TSS,
and pH, usually for the purpose of mect'-
ing effiuent guidelines and standards: it
does not include any process the purpose
of which is to remove vinyl chloride {rom
water to meet requirements of this

subpart.
() “In vinyl chioride service” means

that a piece of equipment contains or
contacts either a liquid that is al least
10 percent by weight vinyl chloride or a
gas that is at least 10 percent by voltune
vinyl chloride.

(m) “Standard operating procedure”
means a formal written procedure offi-
cially adopted by the plant owner or
operator and available on a routine bgsis
to those persons responsible for carrying
out the procedure,

(n) “Run” means the net period of
time during which an emission sample is
collected.

(0) “Ethylene dichloride purification”
includes any part of the process of ethyl-
ene dichloride preduction which follows
ethylene dichloride formation and in
which finished ethylene dichloride is
produced.

(p) *“Viny! chloride purification” in-
cludes any part of the process of vinyl
chloride preoduction which follows vinyl
chloride formation and in which finished
vinyl chloride is produced.

(@) "Reactor” includes any vessel in
which vinyl chloride is partially or totally
polymerized into polyvinyl chioride.

(r) “Reactor opening loss"” means the
emissions of vinyl chloride occurrinz
when a reactor is vented to the stmos-
phere for any purpose other than an
emergency relief discharge as defined in
§ 61.65(a),

(5) “Stripper” includes any vessel in.
which resicdual viny} chloride is removed
from polyvinyl chioride resin, excent
bulk resin, inn the slurry form by the use
of heat and/or vacuum. In the case of
bulk resin, stripper includes z2ny vessel
which is used to remove residual vinyl
chloride from polyvinyl chloride resm
immediately following the poiymeriza-
tion step in the plant process flow,
£ 61.62 Emission standard for ethylenc

dichloride plants.

An owner or operator of an ethylene
dichlorfde plant shall comply with the
requirements of this section and § 61.65.

(») Ethylene dichloride purification:
The concentration of vinyl chloride in
all exhaust gases discharged to the at-
mosphere from any equipment used in
ethylene dichloride purification is not
to exceed 10 ppm, except as provided in
§61.65(a), This requirement does not
apply to eguipment that has been
opened, is out of operation, and met the
requirement In § 61.65(b) before being
opened.

(b) Oxychlorination reactor: Except
as provided in § 61.65(n), emissions of
vinyl chloride to the atmosphere from
each oxychlorination resctor are not to
exceed 0.2 g/kg the 100 percent ethylene
dichloride product from the oxychlori-
nation process.
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& 6L63  FPmisdion  stndard  for

chiloride plants,

An owner or operator of a vinyl chlo-
ride plant shall comply with the require-
ments of this section and § 61.65.

«a) Vinyl chloride formation and puri-
fication: The concentration of vinyl
chloride in all exhaust sases discharred
to the atmosphere {rom any cquipment
used in vinyl chloride formation and/or
purification is not to exceed 10 ppm, ex-
cept as provided in § 61.65(a). This re-
quirement does not apply to equipment
that has been opened, is out of operation,
and met the requirement in § 61.65¢b?
{611 before being opened.
€ 6161 EFmirsion standard for polyviml

chiloride plants.

An owner or operator of a polyvinyl
chloride plant shall comply with the re-
quirements of thiz section and § 61.65.

(' Reactor: Tha following require-
ments apply to reactors:

(1" The concentration of vinyl chlo-
ritle in all exhaust gases discharged to
the ztmospnere from each reactor is not
to exceed 19 pom, except as provided in
paragraph tar(2) of this section and
§ 61,6540,

(23 The reactor ppening loss from each
reactor is not to exceed 0.02 g vinyl
chlorde '"Kg +0.00002 1b vinyl chloride/
b of polyviny] chloride product. with
the preauct determined on a dry solids
basis, This requirement applies to any
vessel whicn is ueced ns a reactor or as
both a reactor and a stripper. In the
Wulk process. the product means the
gross hrodugt of prepoiymerization and
postpolymerization.

31 Munual vent valve discharge: Ex-
cept for an emergency manual vent valve
disrharge. there is to be no discharge to
the atmosphere from any manual vent
valve on a polrvinyl chloride reactor in
vityl crioride service. An emergzency
manual vent valve discharge means a
disciarza to the atmosphere which could
not have been avoided by taking meas-
ures to prevent ihe discharge. Within 10
days ¢ any discharge (o the atmosphcere
from any manual vent valve, the owner
or aperator of the source from which the
discharge occurs shall submit to the Ad-
ministrator a repori in writing contain-
myg information on the source, nature
and cause of the discharge, the date and
time of ihe dircharge, the approximate
totai vinvl chlonde loss during the dis-
cl:arge, the method used for determining
the vinyl chiloride loss, the action that
was taken to preven: tne discharge, and
measures adopted to prevent future-dis-
charges,

tbh) Stripper: The concentration of
vinyl chiloride in all exhaust pases dis-
charged to the atmosphere from each
stripper is not to exceed 10 ppm, excent
as provided 1n § 61.65:n). This require-
ment docs not apply to equipment that
has been opened, is out of operation, and
met the requirement in § 61.65(b) (6) (1)
before being opencd.

{(c» Mixin®, weighing, and holding
containers: Thz concentration of vinyl
chloride mn all exhoust rases discharged
to the' atmosphere from each mixing,
weiglhing, or holding container in vinyl
chlorid® service which precedes the

vinyl

ﬁ
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stripper (or the reactor tf the plant has
no stripper) in the plant process flow 15
not to cxceed 10 ppm, except as provided
in § 61.65(a). This requirement does not
apply to egquipment that has becen
opened. 15 out of operation, and met the
requircment in £ 61.65(b) (6) (i) before
being opened.

(d) Monomer recovery system. The
concentration of vinyl chloride in all ex-
haust gases discharged to the atmos-
phere from each monormer recovery sys-
tem is not to exceed 10 ppm. except as
provided in § 61.65¢a). This requirement
does not apply to equipment that has
heen opened, is out of operation. and met
the requirement in § 61.65tb' (61t be-
fore being opensd.

(e) Sources {ollowing the stripper(s':
The following requirements anpolv 1o
emissions of vinyvl chloride to the at-
mosphere from the combination of all
sources following the strippers) lor the
reactor(s) if the plant has no striv-
per(s)] in the plant process flow in-
cluding but not limited to, centrifuges.
concentrators, blend tanks, fllters, dry-
ers, conveyor air discharges, baggers,
storage containers. and inprocess waste«
water: .

(1) In polyvinyl chloride plants using
stripping technology to control vinyl
chloride emissions. the weighted averaze
residual vinyl chloride concentration m
all grades of polyvinyl chloride resin
processed through the stripping opera-
tion on each calendar day, measured
immediately after the stripping opera-
tion is completed, may not exceed:

(i) 2000 ppm for polyvintyl chloride
dispersion resins, excluding latex resins;

(ii» 400 ppm for all other polyvinyl
chloride resins, including latex resins,
averaged separately for each type of res-
in: or

(2 In polyvinyl chloride plants con-
trolling vinyl chloride emissions with
technology other than stripping or in
addition to stripping, emissions of viriyl
chloride to the atmosphere may not
exceed;

)2 g kg (0.002 1b/b) product from
the stripper(s' (or reactorts' if the
plant has no stripper(s)] for dispersion
polyvinyl chloride resins, excluding latex
resins, with the product determined on a
dry solids basis;

(i) 0.4 z/kg (0.0004 1b1b) product
from the strippers {or reactor(s) if the
plant has no stripper(s)] for 2ll other
polyviny! chloride resins, including latex
resins, with the product determined on
a dry solids basis.

§ 61.65 Emission standard for cthiJene
dichloride, vinyl chloride and pols-
vinyl chloride plants.

An owner or operator of an ethvicne
dichloride, viny1 chloride. and/or poly-
vinyl chloride plant shall comply with
the requirements of this sectiorn.

(a) Relief valve discharge: Except for
an emergency relief discharge, there is
to be no discharge to the atmosphere
from any relief valve on any equipment
in vinyl chloride service. An emergency
relief discharge means a discharge which
could not have been avoided by taking
measures to prevent the discharpge. With-
in 10 days of any rclief valve discharge,
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the owner or ovnerator of the source from
which the reiief valve dischinrge eccurs
«hall submit {0 the Admimsirator s re-
port in writing -containing information
on the source, nature and cause of the
gischarge, the date and time of the dis-
charge, the approximate total vinyl chlo-
ride loss during the discharge, the meth-
od uscd for determming the vinyl chlo-
ride loss, the action that was takep to
prevent the discharge, and measuves
adopted to prevent future discharges.

(b) Pugitive emission sources:

(1) Loading and unleading hnes: Vinyl
chloride emissions from loading and un-
leading lines which are opened lo the
atmosphere after each loading or un-
loading operation are to be minunized
as follows:

(i) After each loading or unloading
operation and before opening a loading
or unloading line to the atmosrhere, the
guantity of vinyl chloride in 21l parts of
each loading or unloading line that are
Lo be opened to the atmosphere 15 to be
reduced so that the parts combined con-
tain no greater than 0.0038 m’ <(0.13 1t”
of vinyl chloride, at standard tempera-
ture and pressure; and

(ii) Any vinyl chloride removed from
a loading or unloading line in accord-
ance with paragraph th) (1) (1) of this
section is to be ducted through a control
system from which the concentration of
vinyl chleride in the exhaust gases does
not exceed 10 ppm, or equivalent as pro-
vided in § 61.66,

(2) Slip gauges: During loading or un-
loading operations, the vinyl chloride
emissions from each slip gauze m vinyl
chloride service are to be m:.-:mizad by
ducling any vinyl chloride . -charged
from the slip gauge through: ~ control
system from which the concentration of
vinyl chloride in the exhaust gases does
not exceed 10 ppm, or equivelent as pro-
vided in § 61.66.

{3) Leakape from Dump. compressor,
and agitator seals:

(1) Rotating pumps: Vinyl chloride
emissions from =scals on all rotating
pumps in vinyl chloride service are to be
minimized by installing sealless pumps,
pumps with doubie mechamecai seals, or
equivalent as provided in & 61.66. If
double mechanical seals are used, vinyl
chloride emission from the seals are to
be minimized by maintaining the pres-
sure between the two seals so that any
leak that occurs is into the pump; by
ducting any vinyl chloride between the
two seals through & control system from
which the concentration of vinyl chlo-
ride in the exhaust gases does not ex-
ceed 10 ppm; or equivalent as provided
in § 61.66.

(ii) Reciprocating pumps: Vinyl chlo-
ride emissions from seals on all recipro-
cating pumps in vinvl chloride service
are to be minimized by installing double
outhoard seals, or equivalent as provided
in §61.66. If double outboard seals are
used, vinyl chloride emussions from the
seals are to be minimized by maintaining
the pressure between the two seals so
that any leak that occurs is into the
pumnp; by ducting any vinyl chloride be-
tween the two seals through a control
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svstemn from which the concentration of
viny] chlovide in the exhausy gases does
not exceed 10 ppm; or cquivalent os
proviucd in § 61.66,

(i Rotating compressor: Vinyl
chloride emissions from seals on all ro-
tating compressors in vinyl chloride

service are to be minimized by installing.

compressors with double mechanical
seals, or enuivalent as provaded in § G1.G6.
If double mechanical scals are used, vinyl
chloride emussions fromn the seals are to
be minimized by maintaining the pres-
surc between the two secds so that any

ek that occurs is into the compressor,;
b_\ ducting any vinyl chloride betwecen
the tve seals through o control system
from wnich the concentration of vinyl
chloride in the exhaust gases docs not
exceed 10 ppm; or equivalent as provided
1N £ 61.66.

v Keciprocating compressors: Vinyl
chloride emissions from seals on all re~
ciprocrtimg compressors in vinyl chloride
service are to be minimized by installing
double cutboard seals, or eguivalent as
proviced in § 61.66. 1f double outboard
sezls are used. vinyl chloride emissions
from the seals are to be minimized by
maintain:nmg Lhe pressire between the
two seals 50 that any leak that occurs is
into the compressor: by ducting any
vinyl chloride between the two seals
through a control system from which the
concentration of vinyl chloride in the
exhaust gases does not exceed 10 ppm;
or eguivalent as provided in & 61.66.

tv) Agitator: Vinyl chloride emissions
irom seais on all agitators in vinyl chlo-
ride service are to be minimized bv in-
stalling agiiators with double mecheni-
cal seals, or equivalent as provided in
§ 61.66. If double mechanical geals are

" used. vinyl chloride emissions from the

seais are 10 be minimiced by maintaining
the pressure between the two seals s0
that any leak that occurs is into the agi-
tated vessel; by ducting any vinyl chio-
ride between the two seals through a
control system from which the concen-
tration of vinyl chloride in the exhaust
gases does not exceed 10 ppm; or equiva-
lent as provided in § 61.66.

(4) Leakage from relief valves: Vinyl
chioride emissions due to leakage from
each rehe! valve on equipment in vinyl
chloride service are to be minimized by
installing a rupture disk between the
eguipment and the relief valve, by con-
necting the relief valve discharge to a
process line or recovery syvstem. oI eqov-
alent as provided in § €1.66.

15) Manual venting of gases: Fxcent
as provided 1n § 61.64¢a)(3), all gnses
which are manually vented from equip-
ment in vinyl ¢chloride service are to be
ducted through a control system from
wiuch the concentraticn of vinyl chloride
in the cxhaust gases does not e':cccd 10
ppni; or equivalent as provided in § 61.G6.

() Opening of equipment; Vinyl

chloride emissions from opening of-

equipment (including loading or unload-
ing hnes that are not opened to the at-
maospliere after each loading or unload-
irp operation) are to be mimmized as
follows:

(i) DBefore opening any equipment for
any reason, the quantity of vinyl chilo-

nde i= to be reduced so that the enuin-
ment contiting po more thon 20 peroent
by voiume vinyl chloride or 0 L5 m 25
gal) of vinvl chlonde, wichever 1
larger, at standard temperature and
pressure; and

- «ii} Any vinyl chloride removed from
ihe equipment 1 accordance wath para-
araph (b)(6) () of this section 15 to be
ducted through a contrul system from
which Lhe concentration of vinyl chlo-
ride 1n ilie exhaust gases does not exceed
10 ppm, or equvalent as proviicd in
% 61.66.

«7' Gamples: Unused portions of sam=
ples contauning at least 10 percent by
weiziit vinyl chloride are to be returned
to the process, and samoling techimaues
arc Lo be such that sample containers
vinyl ciilomde service are purged into a
closed process system.

t8+ Leak detection and elimination:
Vinyl! ciiloride emissions due to leaks
irom equipment in vinyl chloride service
are to be mintmized by instituting and
imnlementing a formal leak detection
and elim.aation program. The owner or
operator shall submit a description of
titze propram to the Administrator for
enrroval. The program is to be sub-
mitted within 45 days of the effective
dnte ¢f these regulations, unless o waiver
of complinnce is granted under § 61.11.
If a warver of compliance is granted. the
program is to be submitted on a dale
stheduled by the Administrator. Ap-
proval of a program will be granted by
the Adminmstrator provided he finds:

(i) It includes a relizble and accurate
vinyl chioride monitoring system for de-
tection of major leaks and identification
of the genernl area of the plant where a
leak islocated. A vinyl chloridge monitor-
ing system means a device which obtains
air sampies from one or more points on
a continuous sequential basis and ana-
lvzes the samples with gss chromatog-
raphy or, if the owner or operator as-
sumes that all hydrocarbons measured
are vinyl chloride, with infrared spectro-
photomeiry fiame ion detection, or an
equivalent or alternative method. .

tii) It includes a reliable and accurate
porti:ble hydrocarbon deracior to be used
routinely to find small leaks and to pin-
point the major leaks indicated by the
vinyl chloride monitoring system. A
portable hydrocarbon detector means a
device which wmessures hydrocarbons
with a sensitivity of at least 10 ppm
and is of such design and size that it can
be used to measure emissions from local-
ized points.

tii) It provides for an acceptable cali-
bration and maintenance schedule for
the vinyl chloride monitoring syvstem and
pertable hydrocarbon detector. For the
viny} chloride monitoring system, a daily
span check is to be conducted with a
concentration of wnyl chloride equal to
the concentration defined as a leak ac-
cording to paragraph (b) (8) (vi) of this
section. The calibration is to be done
with either: t

(A) A calibration gas mixture pre-
pared from the gases specificd in sectlons
6.2.1 and 5.2.3 of Test Method 106, or
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(B A calibration gas ervlinder contain-
ing the appropriate concentiration of
vinyl chloride. If a calibration gas cyiin-
der is used, the analysis must be trace-
able to the National Bureau of Stand-
ards or to a gravimetrically calibrated
vinyl chloride permeation tube.

(iv) The location and number of points
to be monitored and the frequency of
monitoring provided for in the program
are acceptable when they are compared
with the number of pieces of equipment
in vinyl chioride service and the size and
physical layout of the plant.

(v) It contains an acceptable plan of
action to be taken when a leak is de-
tected.

(vi) It contains a definition of leak
which is acceptable when compared with
the background concentrations of vinyl
chloride in the areas of the plant to be
monitored by the vinyl chloride monicor-
ing system. Measurements of background
concentrations of vinyl chlonde in the
areas of the plant to be monitored by the
viny! chloride monitoring svstem are to
be included with the aescription of the
progcram. The definition of leak for a
given plant may vary among the differ-
ent areas within the plant and is also to
change over time as background con-
centrations in the plant are reduced.

(9) Inprocess wastewater: Vinyl chlo-
ride emissions to the atmosphere from
inprocess wastewater are to be reduced
as follows:

(i) The concentration of vinyl chlo-
ride in each inprocess wastewater stream
eontaining greater than 10 ppm vinyl
chloride mepsured immediately =s it
leaves a piece of equipment and before
being mixed with any other inprocess
wastewater stream is to be reduced to no
more than 10 ppm by weight before being
mixed with any other inprocess wastewa-
ter stream which containg less than 10
ppm vigyl chloride; before being exposed
to the atmosphere, before being dis~
charged to 8 wastewater treatment proc-
ess; or before being discharget untrexted
&5 & wastewater. The paragraph does
apply to water which is used to displace
vinyl chloride from eauipment before ic
is opened to the atmosphere in accord-
ance with § 61.64(a)(2) or paragraph
(b) (6) of this section, but does not apnpiy
to water which is used to wash out ecuip-
ment after the equipment has alreaay
heen opened to the atmosphere in ac-
cordance with §61.64(a)(2) or para-
graph (b) (6) of this section.

(ii) Any vinyl chloride removed from
the inprocess wastewater in sccordance
with paragraph (b) (8) (i) of this section
is to be ducted through a control system
from which the concentration of vinyl
chloride in the exhaust gases does not
exceed 10 ppm, or equivalent as provided
in & 61.66.

(¢) The requirements in paragraphs
M) (1), (B (2), (M5, (b6, (L (D
and (b) (8) of this section are to be in~-
corporated into a standard operating
procedure, anr made available upon re-
quest for fmspection by the Administra-
tor. The standard operating procedure is
to Include provisions for measuring the
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vinyl chloride in equipment 4.7 m'
01250 gal tn volume for which an mis-
sion mit is prescribed in § 61.65(b) (6)
(i) prior to opening the equipment and
using Test Mcthod 106, a portable hydro-
carbon detector., or an equivalent or al-
ternative method. The method of meas-
urement is to meet the requirements in
5 €1.67(g» (5 (D) (A) or (g) (B X (B),

§ 61.66 FEquivalemt equipment and pro-
ecdures. \

Upon written application from an own-
er or operator, the Administrator may
approve use of equipment or procedures
which have been demonstrated to his
satisfaction to be equivalent in terms of
reducing vinyl chloride emissions to the
atmosphere to those prescribed for com-
pliance with & specific paragraph of this
subpart. For an existine source, any re-
quest for using an equivalent methed as
the initial measure of control is to be
syomnitted to the Administrator within
29 days of the effective date. For a new
sodrce, any request for using an equiva-
ient method is to be submitted to the
Acdministrator with the application for
approval of construction or modification
reguired by § 61.0%.

§ 61.67 Emission tests.

{a) TUnless a wajver of emission testing
is obtained under § 61.13, the cwner or
operator of a source to which this sub-
part so»plies shall test emissions from
the source,

{1y Withuin 90 days of the effective date
in the case of an existing source or a
new source which has an initial startup
date preceding the effective date, or

2y Within 90 days of startup in the
case of a new source, initial startup of
which occurs after the effective date.

(o) The owner or operator shall pro-
vide the Adminisurator at least 30 days
Prior notice of an emisston test to afiord
the Administrator the opportunity to
have an observer present during the test,

t¢) Any emission test is to be con-
ducted while the eguipment being tested
is operating at the maximum production
rate at which the equipment will be op-
erated and under other relevant condi-
tions as may be specified by the Adminis-
trater based on representative performe-
ance of the source.

(d> Each emissjon test is to consist
of three runs, For the purpose of deter-
mining emissions, the average of results
of all runs 1s to apply. The average is to
be computed on a time weighted basis.

(¢» Al samples are to be analyzed
within 24 hours, and vinyl chloride emis-
sions are to be determined within 30 days
after the emussion test. The owner or
operator shall report the determinations
to the Administrator by a registered
letter dispatched before the close of the
next business day following the deter-
mination.

({1 The owner or operator shall ré‘i:nin-

at the plant and make availablic, upon
request, for inspection by the Adminise
trator, for & minimum of 2 years records
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of emission test results and other data
needed to determine emissions.

(g) Unless otherwise specified, the
owner or operator shall use test Test
Methods in Appendix B to this part for
each test as required by paragraphs
(@D, (@2, @), (4, and
() (5) of this section. unless an equiva-
lent method or an alternative method
has been approved by the Administrator.
If the Administrator finds reasonable
grounds to dispute the rcsults obtained
by an equivalent or alternative method.
he may require the use of a reference
method. If the results of the rcference
and equivalent or alternative methods
do not agree, the results obtained by the
reference method prevall, and the Ad-
ministrator may notify the owner or
operator that approval of the method
previously considered to be equivalent or
alternative is withdrawn.

() Test Method 106 is to be used to
determine the vinyl chloride emissions
from any source for which an emission
limit is prascribed in %4 61.62(a) or (»
§ 81.63a1, or §§ 61.64(a) (1), (), (C), or
«d», or from any control system to which
reactor emissions are required to be
ducted in § 61.64(a) (2) or to which fugi-
tive emissions are required to be ducted
in  £§ 61.65(b¥ (1) (i), (DY (2), (b)(5:,
(h) (61 (iiy, ar (h)y @) (i),

(1) For each run. one sample is to be
collected. The sampling site is to be at
least two stack or duct diameters down-
stream and one half diameter upstream
from any flow. disturbance such as a
bend. expansion, contraction, or visible
flame. For a rectangular cross section an
equivalent diameter is to be determined
from the following equation:

- . »een (ength) (width)
equivitlent diamotep =2 _lellg_—-th+width -
The sampling point in the duct is to
be at the centroid of the cross section,
The sample is to be extracted at a rate
proportional to the gas velocity at the
sampling point. The sample is to be
taken over a minimum of one hour, and
is to contain a minitnum volume of 50
liters corrected to standard conditions.

(ii) For gas streams containing more
than 10 percent oxygen. the concentra-
tion of vinyle chloride as determined bv
Test Method 106 is to be corrected to 10
percent oxygen for determination of
emissions by using the following equu-~
tion:

10,9

C, teorrected) = g 5("_9_ pl-}-c(\-n?_(_):.

whera:

Crieorrected) =The concentration of viny) chiuride in
the exhaust gases, corrected to 10 i~
poreent osygrn,

CimThe concentration of vinyl chilonde s
meazured by Text Method 1.
20.0=mPercent pLyren in the ambient air at
stoudard conditions,
10.8=Perretit oxygen 1 the ambient aer ut
standard conditions, minus the 10
pereont oxypen to whicht the correer
tion 18 betug mmade,
Percent Oz=Percont osveen in the exhaust s ns
mensuted hy Referenee Mothod 3 m
Appendix A of PPart 0 of Lhus clinptar,

(i) Por those emissioh sources where
the emission limit }s prescribed in terms
of mass rather than concentration, mass
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emissions in kg/100 ke product ars to
be delermined by usmg the jollowlag
equation:

Cax

10, (2.60) Q 10-%) {100}
= Z

where;
Cax=kg vinyl chloride/100 kg product.
Ca='The concontration of vinyl chlonde as measured
by Test Method 106,
2.60=Density of vinyl chiloride at one atmosphere and
W°C §n kg/md.

Q=Vohumetne flow rote in myhe as determined hye
Heferenco Method 2 of Apprudix A to Purt )
of this chayter. -

10-4 = Conversion fiv-tor for pput.

# = 'roduction rate (kg/hr).

(2) Test Method 107 is to be used to
determine the conccntration of vinyl
chloride in each inprocess wastewater
stream for which an cmission limit is
prescribed in § 61.65(h) (9 (),

(3) Where a stripping operation s
used to etiain the emission limit in § 61.-
64(e), cmissions are to be determined
using Test Method 107 as follows:

(i) The number of strippers and sam-
ples and the types and grzdes of resin to
be sampled are to be determined by the
Administrator for each ndividual plant
at the time of the test based onh the
plant's operation.

(if) Each sample is to be taken imme-
diately following the stryipping operation.

(iif) The corresponding guantity cof
materjal processed by each stripper is to
be determined on a dry solids basis and
by a method submitted to and approved

‘ by thc Administrator.

(iv) At the prior request of the Ad-
ministrator, the owner or operator shall
provide duplicates of the samples re-
guired in paragraph (g)(3)() of this
section.

(4) Where control technology other
than or in addition to a stripping opera-
tion Is uscd to attain the emission limit
in §61.C4(e), emissions are to be deter-
mined as follows:

(1) Test Method 106 is {0 be used to
determine atmospheric emissions from
all of the process equipment simultane-
ously. The requirements of paragraph
(g) (1) of this section are to be met.

(1i) Test Method 107 is to be used to
determine the concentration of vinyl
chloride in each inprocess wastewater
stream subject to the emission limit pre-
scribed In § 61.64(e). The mass of vinyl
chloride in kg/100 ke product in each
in process wastewater stream is to be de-
termined by using the following equa-
tion:

Cap=IC1R 12%] {100}

wheret

Crx=kft vinyl chlorlde/100 kg product.
Ca=the concentration of vinyl ciloinde vs measnred
bv Test Mathod 107.

Je=water ow rale in 1/hr, determined in aceordance
with a method which Lius been subnutted to
and approved by the Adiunustrator,

104 = Conversion factor for ppm.

ZgProduction rate (hethre), detormined i accord-
aue with & nwethod wineh hins been stthnntted
and approved by the Admnsicitor.,

(5) The reactor opening loss for which
an emission limit is prescribed in § 61.64
(a) (2) is to be determmced. The number
of reactors for which the determination
1s to be made Is to be spectited by the
Admnistrator for each individual plant
at the time of the determination based
on the plant’s operation. For a reactor
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that is also used ns o stripper, the deter-
1anation may be made immediaiely fol-
lowing the stripping operation.

/i) Except as provided in paragraph
(g)(5)(il) of this sectionm, the reactor
opening loss is to be determined using
the following equation:

_W(2.60) (107 (C1)

¢ YZ

where:
€=k vinvleliloride tnsstons/kg produrt.
W =Capacny of the reactoninm?,
2ou=Density of vin | ehlofide al ene atmosphers and
2° Cinkpmt
1n=t~ Congersion factor for ppm. )
Ct=ppin by enlgne cinyl ehioride ae delermined by
Test Method 106 of 8 portable ivdioearbon
detector which measurcg hydrocarhons
with & seuxitivary of at leart 310 ppm.
Y- Numier of haehes sinee the reaclor was Jast
npened to the st masphere,
2= Average hip of polyvinyl chlnbde prodiced prr
bareh 1o the ramber of hatehes sier the Leacior
wig las! opened W the atnosphicte.

t4) If Method 106 is used to deter-
mine the concentration of vinyl chloride
\Cb), the sample §s to be withdrawn at
2 ccnstand rate with a probe of sufficient
lengih to reach the vessel bottom from
ihe manhole. Samples are to be taken
for § mintutes within 6 inches of the ves-
tel botiom, 5 minutes near the vessel
cenier, and 5 minutes near the vessel top.

{B) If 3 portable hydrocarbon detec-
tor is used to determine the concentra-
tion of vimyl chleride (Cb), a probe of
sufiicient length to reach the vessel bot-
tom Iron: the manhole 15 to be used te
make the measurements. One measure-
ment will e made within 6 inches of the
vessel beitom, one near the vessel center
and one near the vessel top. Measure-
ments are {0 be made at each location
until the reading is stabilized. A)l hyvdro~
carbons measured are to be assumed to
be vinyl chlorde.

(CY ‘The procduction rate of polyvinyl
chloride (2) is to be determined by a
method submitted Lo and approved by the
Administrator.

(ii) A calculation based on the number
of evacuations, the vacuum involved. and
the volume of gas in the reactor is hereby
approved by the Administrator as an al-
ternative metheod for determining reac-
tor onening loss for postpolymerization
reactors i the manufacture of bulk
resins.
£ 61.68 Emirivon monjtoring.

ta) A vinvie chloride monitoring sys-
tem is 10 be used to monitor on a con-
tinuous basis the emissions from the
sources for which emission limits are pre-
scribed in £ 61.62¢a) and (b)), § 61.63tar.
and § 61.64(a) (1), (b)Y, (), and ‘d), and
for any control system to which reactor
emission are reguired to be ducted in
§61.65 i), and M D, HHY,
(b1 (6) (i), and (b (D) (il).

tb) The vinyl chloride monitoring sys-
femig) used to meet the requirement in
paragraph (a) of this section is to be a
deviee which obtains air sampels from
one oy more points on a continuous
sequenual bass and analyzes the somoples
with ras ciiromotography or. if the owner
or aperator nzsumes that all hvdrocar-
bons measured are vinyl chloride, with
froyven spectrophotometry, flame ion

detection. or an equivalent or alterna-
wuve meihod, The vinyl chlorude monntor-
ing system used to meel the requurements
i & 81.65(0) (8) (1) may be used to meet
the requirements of this section,

(c) A daily span check is to be con-
ducted for each vinyle chlornde monitor-
ing system used. For all of the emssion
sources histed m paracraph (a) of this
section, except the onc for which nn emis-
sion limit 1s preseribed i § 61.62(b), the
daliy span check is to be conducted with
a concentration of vinyl chloride cuual
to 10 ppm, For the emission source lar
which an emission limit 1s prescribed in
§ 61.62/b), the daily span check 15 to be
conducted with a concentration of vinyl
chloride which is delermined to be
determined to be equuvaient to the emis-
sion limut for that source based on the
emussion test required by §67.67. The
calibration is to be done with either:

1) A cahbration pgas mixture pre-
pared {rom the gases specified in sections
3.2.1 ard 5.2.3 of Test Mcethod 108, or

t2y 5 calibration gas cylinder cen-
taming the appropriate concentration of
vinyl chloriae. If a calibration ras
cyunder is used, the analysis must be
iraceable to the National Bureau of
Standards or to a gravimetrically cali-
Eratod vinyi chloride permeation tube.

§ 61.69  Iniiia! report

(a) An owner or operator of any
source to which this subpart applies shall
submit a statement in writing notifying
the Admimsirator that the equipment
and procedural specifications in §§ 61.63
(b) (1), @ <2), (b)13), M), (b5,
(b) 16}, b (Ty, and (L) (B) are bemng
implemiented. .

(b ¢1) In the case of an existing
source or a new source which has an
initial startup date preceding the effec
tive date. the statement is to be submit-
ted within 90 days of the effective date,
unless a waiver of compliance is granted
under § 61.11, along with the informa-
tion required under § 61.10. If a waiver
of compliance is granted. the statement
is to be submitted on a date scheduled
by the Administrator. ’

(2) In the case of = new source which
did not have an mitial startup date pre~
ceding the effective date, the statement
is to be submitied within 90 days of the
initial startup date.

(c) The statement is Lo contain the
followng information:

(1) A nIist of. the cquipment installed
for compliance,

(21 A description of the physical and
functional characteristics of each prece
of equipment.

(3) A description of the methods
which have been incorporated into the
standard operating procedures for meas-
uring or calculating the emissions for
which emission limils are prescribed in
§§ 61.65 b) (1) and (b) (&) (D),

(4) A statemefit that each piece of
equipment is installed and that each
picce of equipment and each procedure
is bemng used.

1,
§ 6170  Scmizonunl coport,

(2)(2) is to be determined, The number
source to which this subpart applies shall
suixmit Lo the Adminstrator on Scptem-
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ber 15 end March 15 of each veara ropprt
in writing containing the information
required by this section. The first semi-
annual report is to be submniited follow-
ing the first full 6 month reporting peried
after the initial report is submitted.

(b) (1) In the case of an existing source

or & new source which has an initial
startup date preceding the effective date,
the first report is to be submitted within
180 days of the effective date, unless a
waiver of compliance 15 granted under
§61.11. If a waiver of compliance is
granted, the fhirst report is to be sub-
mitted on a date scheduled by the Ad-
minjstrator,
. (2) In the case of a new source which
did not have an initial startup date pre-
ceding the effective dale, the first report
is to be submitted within 180 days of the
initial startup date.

(c) Unless otherwise specified, the
owner or operator shall use the Test
Methods in Appendix B to this part to
conduct emission tes{s as required by
paragraphs (¢)(2) and (c)(3) of this
section, unless an equivalent or an alter-
native method has been approved by the
Admigistrator. If the Adminstrator
finds reasonable grounds to dispute the
results obtained by an equivalent or al-
ternative method, he may require the use
of a reference method. If the resulis of
the reference and equivalent or alterna-
tive methods do not agree, the results
obtained by the reference method pre-
vail, and the Administrator may notify
the owner or operator sthat spproval of
the method previously considerad to be
equivalent or alternative is withdrawn,

(1) The owner or operator shall in-
clude in the report a record of any emis=
sions which =averaged over any hour
period (commencing on the hour) are
in excess of the emission limits pre-
scribed in §§ 61.62(a) or (b), § 61.63(a),
or §5 61.64(a) (1), (b), (), or (d), or for
any control system to which reactor
emissions are required to be ducied in
§ 61.64(a) (2) or to which fugzitive emis-
sions are reguired to be ducted in & 61.685
(h) (L) (iD), (b) (2), (b)Y (5), (1) (B) (il), or
(h) (9) (iD). The emissions are to be mens-
ured in accordance with § 61.68.

(2) In polyvinyl chloride plants for
which a stripuing operation is used to
attain the emisison level prescribed in
$ 61.64(e), the owner or operator shall
include in the report a record oi the
vinyl chloride content in the polvvinyl
chloride resin. Test Method 107 is to he
used to determine vinyl chloride content
as follows:

(1) If batch stripping is vsed, one rep-
resentative sample of polyvinyl chloride
resin is to be taken from each batch of
each grade of resin immediately follow-
ing the completion of the stripping,
and grade and the date and time the
batch is completcd. The corresponding
quantity of material processed in each
stripper batch is to be recorded and iden-
tified by resin type and grade and the
date and titne the batch is compieted.

(ii» If 'continuous stripping 1s used,
otie representative sample of polyvinyl
chloride resin is to be taken for each
grade of resin processed or at intervals
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of 8 hours for each grade of resin which
is being processed, whichever is more fre-

quent, The sambple is to be taken as the

resin flows out of the stripper and iden-

tified by resin type and grade and the -

date and time the sample was taken.
The corresponding quantity of materal
processed by each stripper over the time
period represented by the sample during
the eight hour period, is to be recorded
and identified by resin type and grade
and the date and time it represents.

(iii) The quantity of material proc-
essed by the stripper is to be determined
on a dry solids basis and by a method
submitted to and approved by the Ad-
ministrator. :

(iv) At the prior request of the Ad-
ministrator, the owner or operator shall
provide duplicates of the samples re-
quired in paragraphs (¢) (2) 1) and (c)
(2 (ji) of this section.

1vy The report fo the Administrator by
the owner or opcrator is {0 include the
vinyl chloride content found in all the
samples vequired in paragraphs (c) (2)
(1) and (c)(2; (ii) of this section, aver~
aged separately for each type of resin,
gver each calendar day and weighted ac-
cording to the quantity of each grade of
resin processed by the stripper(s) that
calendar day, according tg the following
equatiorn:.

"

> Po,Ma,
Ar =5
Te Qf,‘

_P"’l .U.;-,—FFa,Ma,-l— e +Pq.ﬂlq.
- Qr,

A=24-hour average concentration of type T, resin in

.
Q='Totn! production of type T, resin over the 24-howr

period, 10 kg.

T;=Type of resin; 1=1.2, ... m whers m i3 total
nusaber of resfn typss produced during the 24-
Tout pertod.

M=Concentration of vinv! chloride in one sample of

erade G, tegin, in pom,

I’=Production of grade (/) resin represented by the

sample, in kg.
= Gradoof tesin, o.., Gy, (2, and Gy,

n="Toinl number of ¥rades of resin produced during

the 4-hour pertao.

(vi) The owner or operator ghall re-
tain at the source and make avallable
for incpection by the Administrator for
& mimmum of 2 years records of all data
needed to furnish the information re-
quired by paragraph (¢)(2)(v) of this
section: The records are to contain the
following information:

(A) The vinyl chloride content found
in all the samples required in paragraphs
(e) (2) (1) and <) (2) (i) of this section,
identified by the resin type and grade
and the time and date of the sample, and

(B) The corresponding quantity of
polyvinyl chloride resin processed by the
stripper/s), identified by the resin type
and grade and the time and date it
represents., .

(31" The owner or operator shall in-
clude in the report a record of the emis-
sions from each reactor opening for
which an ewnission limt is preseribed in
% 61.64(2) (2), Emissions are to be deter~
mined in accordance with § 61.67(g) (5),
exeept that emissions for each reactor
are Lo be determined. For 2 reactor that is
also used as a stripper, the determination

- 46569

may be made immediately following the
stripping operation.
§ 61.71 Recordkecping.

(a) The owner or operitor of any
source to which this subpart applies shall
retain the following information at the
source and make it available for inspec-
tion by the Administrator for a mini-
mum of two years;

(1) A record of the leaks dctected by
the vinyl chloride monitoring system. as
required by § 61.65(h) (8), including the
concentrations of vinyl chionde as
measured, analyzed, and recorded by the
vinyl chloride dctector. the location of
each measurement and the date and ag-
proximate time of each measurement,

(2) A record of the leaks detected
during routine monitoring with the
portable hydrocarbon detector and the
action iaken to repair the leaks, as re-
quired by §61.65(b)(8), including a
brief statement explaining the location
and caase of each leak detected swiin
the portable hydrocarbon detector. the
date and time of the leak and any action
taken to elimimate that leak measured in
accordance with § 61.68.

(3) For the relief discharges fram
reactors subject to the provisions of
§ 61.65(a), a daily operating record for
each reactor, including pressures and
temperatures.

2. Appendix B i{s amended by adding
Test Methods 106 and 107 as follows:

METHOD 106—~-I'ETERMINATION OF VINYL
CHLORME FROM STATIONARY SOURCES

INTRODUCTION

Performance of this method should not ve
attempted by persons unfamiliar wiith the
operation of A gas chromatograph, nor by
those who are unfamiliar with source sam-
pling, a5 there are many detnils that are
beyond the scope of this presentation. Care
must be exercised to prevent exposure of
sampling personnel to vinyl chloride, a car«
¢inogen,

1. Principle and Applicability.

1.1 An integrated bag sample of stack gos
containing vinyl chloride (chloroethylene)
is subjected to chromatographic analysis,
using a flame ijonization detector.

1.2 The method is applicable to the meas-
urement of vinyl chioride in stack gases from
ethylene dichloride, vinyl ehloride and poly-
vinyl chloride manufacturing processes, ex-
cept where Lhie vanyl chloride 15 contained in
particulate matter,

2. Range and Sensitivity.

The lower limit of detection will vary ac-
cording to the chromatograph used. Values
reported include 1 X 10-° mg and 4 X 10-7
mg.

3. Interferences.

Acetaldehvde, which can oeccur in some
vinyl chloride sources, will interfere with the
vinyl chloride peak from the Chromosorh 102
column. See sections 4.3.2 rnd 6.4. If resolu-
tion of the vinyl chloride peak is still not
satisfactory for a particular sample, then
chromatograph parameters can be further
altered with prior approval of the Admin.
istrator. If alteration of the chromnatograph
parameters Inils to resolve the vinyl chloride
peak, then supplemental confinination of the
vinyl chloride peak through an absolute
analytical technique, such as mass spectro-
Scopy, must be performed.

4. Apparntus,

4.1 Sampling (Figure 1).

4.1.1 Probe--Sininless stee)l, Pyrex pglass,
or Teflon tubing according to stack temper-
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ature, each equipped with o ginss wool plup
to remove paitisuinte motter.

412 Saninle Hpe~—1cllon, 4.4 mm outside
diameter, of sufliclent length to conpret
probe to Lng. A new unused picce s emploved
for each series of bag samples that constitutes
an emission test. '

4.1.3 Male (2) and female (2) stainless
steet quick-connects, with ball checks (one
pair without) located as shown in Figure 1.

4.14 Tedlar bags, 100 hler capacity-—To
contain sample, Teflon bays are not accept-
able. Aluminized Mylar baps may be uscd,
provided that the samples ore analyzed
within 24 hours of collcction.

4.15 Rigid leakproof containers for 4.1.4,
with ecovering to protect contents from sun-
light.

g&.l.s Needle valve—To adjust sample flow
rate.

4.1.7 Pump—Leak-frec. Minimum eapac-
ity 2 liters per minute. .

4.18 Charcoal tube—To prevent admis-
siont of vinyl chloride to atmosphere in vicin-
ity of samplars.

4.19 Flow meter—For obgerving sample
flow rate; copable of measuring a flow range
from 0.10 to 1.00 liter per minute.

4.1.10 Connecting tubing-~Teflon, 6.4 mm
outside diameter, to assernble sample iraln
(Figure 1). .

4.1.11 Pitot tube—Type S (or equivalent),
attached to the probe so that the sampling
flow rate can be regulated proportional to
the stack gor- velocity,

4.2 Eample recovery,

4.2.! Tubing—Tefion, 64 mm outside
diameter, to connect bag to gas chromato~
graph semple loop. A new unused plece 15
employed for each serie: of bag samples that
constitutes an emission test, and i3 to be dis-
earded upon couclusion of analysis of those
bags.

4.3 Anaslysis,

4.3.1 QGas chromatograph-—With flame
fjonization deteoctor, poientiometric strip
chart recorder and 1.0 to 5.0 ml heated sam-
pling loop in sutomatic sample Valve.

4.3.2 Chromatographic column—Sininless
steel, 2.0 X 3.2 mm, containing 80/100 mesn
Chromosorb 102, A secondary colum of GE
BF-96, 20¢% on 60/80 mesh AW Chromosorb
P, stainless atee]l, 2.0 m % 3.2 mm, will be
reqaired if pceialdehyde is present. If used,
the 896 column is placed after the Chromoa
sorb 102 columm. The combined columns
should then be operated at 110°C.

4.3.3 Flow metera (2)—Iiotanster iype,
0 to 100 ml/min capacity, with How conirol
valves,

4.34 Gas regulators—For requred gas
cylinders. '

436§ Thermometer--Accurate to one dge-
gree centigrade, to measure tempersture of
heated sample loop at time of sample injec-
tion. B ,

436 Darometer—accurate 0 51om He, to
measure etmospheric pressure around gas
chromatograph during sample analysis,

4.3.7 Pump—Leak-free, Mintmum capac-
ity 100 ml/min.

4.4 Calibration. :

4.4.1 Tubing=Teflon, 64 mm ouiside
diameter, separate pieces merked for each
calipration concentration. -

4432 Tedlar Dbaps—Sixteen-inch square
size, separate bag marked for ench caligra-
tion concintration

44.8 Syringe-—0.5ml, gns Light.

444 Byringe~504l, gas tight.

* Mention of trade names on specifie prod-
nets does not constitute endorsement by the
Environmental Protection Agency.
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445 Flow metcr—Rotameter tvpe, 0 to
1003 mi/min range accurale o 1%, W
meter nitrozen in preparation of standard
Fos mixtures, .

44.G Ktop watch—Of known nccuracy. to
tine gas flow in preparation of standard grs
mixtures.

5. Reagents., It {5 necessary that all rea-
gents be of chromategraphic grade.

51 Analy=sis,

5.1.1 Helium gns or nltrogen gas—Zero
grace, for chromatographic carrier gas.

5.1.2 Hydroven pas—=Zero grade.

5.1.3 Onxygen pas, or Air, as requirced by
the detector—Zero grade,

52 Calibration.

5.2.1 Vinyl chlonde, 9994 <t~—For prep-
aration of stondard gas mixtures.

522 Calibration ¢ylinders (3), optional=
Qne each of 50, 10 and 5 ppm vinyl chloride
in nitrogen with certified analysis. Analysis
must be tracdable to NBS (National Bureau
of Standards) or to n gravimetrically cali-
brated viny) chloride permestion tube.

5.2.3 Nitrogen gas—Zero grade. {or prep-
aration of standard gns mixtures.

6. Procedure.

6.1 Sampling. Assemble the sample train
a3 in Figure 100-1. Perform a bag leak check
according to Sectton T.4. Observe that all
connections between the bag and the probe
are tight. Place the end of the probe at the
centroid of the stack and start the pump
with the needle valve* adjusied to yield a
flow ol 0.5 lpm. After a period of time gufi-
cient to purge the line several times has
elapsed, conne¢t the vacuum line ta the
bag and evacuate the bag until the rotame-
eter indicates no flow. Then reposition the
sample and vacuum lines and begin the ac-
tual sampling, keeping the rate proportional
to the stack velpcity. Direct the gns exiting
the rotameter away from zampling personnel,
At the end of the sampie period, shut off the
pump, disconnect the sample line from the
bag, and disconneet the vacuum line from
the bag container. Frotect the bag container
from sunlight,

£.2 Sample storage. Sample bags must be
kept out of dircet sunlight. When at all pos-
sibie, analysis is to be performed within 24
haurs of sample colection.

6.3 Sample recovery. With s piece of Tef-
lon tuhing dentified for that bag, connect a
bag inlet valve to the gas .chromatograph
sample valve, Switch the valve to withdraw
gas from the bapg through the sample loop.
Plumb the equipment so the samhle pas
passes from the sample valve to the lesk-free
pump, and then to a charcoal tube, followed
by a 0-100 mi/min rotameter with flow con-
trol valve.

6.4 Analysis. Set the column temperature
to 100" C the detector temperature to 160°
C, and the sample loop temperature to 70° C.
When opluimium hydrogen and oxypen flow
raies have bien determined verlfy and main-
tain these flow rates during all chromato.
graph  operations. Using zero helium or
nitrogen as the carrier pas, establish a flow
rate in the range consistent with the manu-
facturer's requirements for satisfactory de-
tector operation. A flow rate of approxi-
marely 40 ml/min should produce aqegquate
separations. Observe the base hne periodi-
eally and determine that the nolse level has
stabilized and that base line drift has ceased.
Purge the sample loop for thirty scconds ut
the ratc of 100 ml/min, then activate the
sample valve. Record the injection time (the
position 0f the pen on the chart at the time
of sample injection}), the sample number, the
sample l00p temperature, the column tems-
perature, carrier gas fNow rate, chart aspeed

»

and the attenualor getting. Mecord the lab.
oratory Pre@re. From (he Chert, select Lhe
peak havang lhe retontlon time correxpond-
inz to vinyl caloride, as determined ia Sce-
tion 7.2. Measure the peak area, Am, by use
of Hm, and » dise integrator or o pianimeter.
Meastire the peak hoight, Ho. Record Am And
the retention time, Repeat the injection at
Jeast two times or until Lwoe consecutive vinvl
ehloride peaks &0 A0t vary In arca more than
5¢». The average value tor these two nreas
v-ill be uscd Lo coibpute the bag concentria-
tion.

Compare the rallo of Hin to Am for the vinyl
chloride sample with the same Tatio for the
standard peak which is closest in height. As
n guideline, If these ratios differ by more
ithan 10¢,, the vinyl chloride peak may not
be pure (possibly acetaidehyde 13 prescnt)
and the secomiary column should be em-
ploved (see Section 4.3.2).

6.6 Alcoasure the ambient temperature and
barometric pressure near the bag, (Assume
the relative humidity to be 100 percent.)
From a water saturation vapor pressure table,
determine the record nnd water vapor con-
tent of the bag.

7. Calibration ARna Standards.

7.1 Preparation af vinyl eoloride standard

gas mixtures, Evacuate a sixteen-inch square
Tedlar bag that has passed & leak check
(described in Secttun 7.4) and meter in 5.0
liters of nitrogen. While the ber {s filling, use
the 0.5 ml svringe to inject 25041 of 9994 5
vinyl chloride through the wall of the bag.
Upon withdrawing the syrinpgs needls, im-
mediately cover the resulting hole with a
piece of adhesive tape. This gives & concen-
tration of 50 ppm of vinyl chloride. In a like
manner use the other syringe to prepare dilu-
tions having 10 ané 5 ppra vinyl chloride
concentrations. Pisce each bag on a smooth
surface and alemnately depress opposite
sides of the bag 50 tfmes to turther mix the
BASEs, . .

7.2 Determivation of vinyl chloride re-
tention time. This sectfon can be performed
simultaneously with Section 7.3, Establish
chromatograph conditlons identical with
thase in Section 6.8, above. Set attenuator
to X ) position, Frush the sampling loop
with zero helium or nitrogen and activate
the sample valve. Record the mjection time,
the sargple loop temperature, the column
tempernture, the carmier gas flow rate, the
chart speed and the aticnuator setting.
Record peaks and detector responses that
occur in the absence of vinyl chloride, Main-
tain conditions. With the equipment plumb-
ing arranged tdentieally to Sectlon 6.3, fiush
the sample loop for 30 seconda at the rate-of
100 ml/mun with one of the vinyl chioride
calibration mixtures and activate the sample
valve. Record the injection time, Select the
peak that carresponds to winvl chloride,
Measure the distance on the chart from the
injeetion Lime to the time at which the pesk
maxinium occurs. This quantity, divided bv
the chart speed, is defined ns the retention
time. Record.

7.3 Preparation of chromatograph cali-
bration curve. Make a gas chromatographic
measurement of each standard gas mixture
(described in Secuon 7.1) using condittons
identieal with those Lsted in Sectton 6.3
above. Flush the samplivg loop for 30 seconds
at the rate of 100 mlanin with each standard
g3s mixturc and activate the sample valve,
Record C,, the concentrrtions of vinyl chlo-
ride injected, the attenuator setting, chart
speed, peak aren, mampie loop temperatute,
column temperature, carrier gas flow rate,
and retentios time. Record the laboratory

pressure, Caleulate A, the peak aren multi-
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plied by the attenusior enitine, Repoat until
two injection arens are wiihin 5%, then plcs
thoss points vs C,.. When the other concen-
tratious have been plotied, draw & smooth
curve through tho pointa. Perform calibra-
tion daily, or befors and after esch set of
bng samples, whichever i5 mmore Irequent.

7.4 Bag leak checks. While performance
of this section 15 required subseguent to bag
use, it is also advised that it bo performed
prior to bag use. After each use, make sure
a bag did not develop leaks as foliows. To leak
check, connect & water manometer and Dres-
purize the bag to 510 em H.O (2-4 in H.O).
Allow to staud for 10 minues. Any displace-
ment in the water manomeler indicales a
leak. Also eheck the rigld container for leaks
in this manner.

{NoTx; An alternative leak check method
is to pressurize the bag to 5~10 ecm KO or
44 in. HO and allow to stand overnichi.
A defiated bag indicate; a leak.) PFor cach
sample hag in its ripid container, place o
rotameter in-line betweeén the bag-and the
pu:np inlet. Evacuate the baT. Pallure of the
rotameter to register zero fiow when the bag
appears to be empty indicates a leak.

8. Calculationa.

8.1 Deteérmine the sample peak area ns
follows:

A= Audr
. Equation 106-1
where:

A (u'The sampls peak area.
A n='The measured peak sres,
Ar="Tba artonuation facior,

8.2 Vinyl chloride concentrations. I'rom
the calibration curve described in Section
7.3, shove, select the value of C_ that cor-
responds to A, tho sample peak area. Cal-
culate C, &5 follows:

Cym s CePe T
Pl (1=Bwm)
Equation 105-2
Where:
Eay=The woter vapor contunt of the bag ranhile, as
analyzed.

Cy=The concentration of vinyl chloride in the bag
sample in ppm.

€.=The coneentration of viny! chioride indieated by
the gas chromaloerapi, int ppio.

P.lw-The refurénee pressate, the luhoraiory npressars
reeorded during eauoration, mm Ry,

TewThe ssmple loop Ltoesaperatare on yns sbsolute
seale b Lhe Lane of analvss, °K,

P.="The lnborutory pressure ot wme of analysis, mn

.
T.=The relersnce tch\cmturc, tha sample loop
temperature recorded dunng criibration, °K°
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MeTHOD 107—DETERMINATION OF VINYL CHLO-
ripe CONTENT OF INPROCESS WASTOCWATER
SAMPLES, AKD VINYL CHLORLYE CONTENT OF
PoLTVINYL COLORIDE HESIN, SLURRY, WET
CAKE, AND LATEY SAMPLES

INTROADCTION

Performance of this method should not be
aitempted by persons unfamiilar with the
oporation of a fas chromatograph., nor by
those who are unfamiliar with snmpling, as
there are many datails that sre beyond the
scope of this presentation. Cave must be
exercised to prevent exposure of sampling
persannel to vinyl chloride, a carcinogen.

1. Principle snd Applicability.

1.1 The basis for this method relates to
the vapor cquilibrium which s cstablished
between RVCM, PVC, resin, water, and air
in & clesed sysiam. It has been demonsirated
that the RVCM in a PVC resin will ¢quili-

rate in a closed vessel quite rapidly, pro-
vided that the temperaturz of the PVC resin
15 maintained above the glass transition
ternperature of that specific restn.

1.2 'This procedure 1s suitable for deter-
mining the vinyl chloride rnonomer (VCM)
centent of inprocess wastewnter samples,
and the residual vinyl chloride monomer
(RVCM) content of polyviny! chloride (PVC)
resins, wet cake, slurry, and latex samples,
It eannot be vsed for polymer 1n fused form,
such as shect or cubes. If 8 resolution of the
vinyl ¢hloride peak 15 not setisfactory for a
partieular  sample, then  chromatograph
parameters may be altered with prior ap-
proval of the Administrator. If there is rea-
son to believe that some other hydrocarbon
with an ldentieal retention time is present
in the sampie, then supplemental confirma-
tion of the vinyl chloride peak through an
absolute analytical technique, such as maoss
spectroscopy, should be performed.

2. Range and Sensitivity,

Tie lower 1imit of detection of vinyl ¢hlo-
ride will vary according to the chromato-
graph used, Values reported include 1x10-7
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myg and 4 X107 mg. With proper caiibratton.
the upper limit may be extanded as heeded.

3. Precision and Reproducibllity.

An interlaboratory compartson between
seven laboratorins of three resin samples,
each split into three parts, yiclded a standard
deviation of 2.63¢; for a sample with a mean
of 2.09 ppm, 4.16% for a sample with a mean
o! 1.66 ppm, and 5.207% 10r a sample with a
mean of 62.68 ppm.

4. Safety,

Do not release vinyt chioriie €0 the labora-
tory atmosphere during preparation of stand-
ards. Venting or purging with VOM/alr mix-
tures must be held to » minimum, When
they are required, the vapor must be routed
to ousside alr. Vinyl chloride, even st low
ppm levels, must never be vented fnatde the
laboratory. After vials have been analyzed,
the pressure within the vial must be vented
prior 1o removal {rom the instrument turn.
table, Vials must bx vented into an activared
charcoal tube using & hypodermic needle to
prevent release of vinyl chloride into the
laborntory atraosphere. The charcoal must
be replaced prior to winy} chloride break-~
through.

5. Apparatus.

5.1 Bampling.

5§11 Bottles—60 ml (2 oz), with waxeqd
lined screw on tops, for PVC samples.

6.1.2 Vials—50 ml Hypo-vials! sealed with
Tefion faced Tuf-Bond discs for water som-
ples,

6.1.3 Electrical tape—or equivalent,
prevent loosening of bottle tops.

52 Sample recovery.

5.2.1 Vials==With seals and caps, Perkin-
Elmer Corporatton No. 105-0118, or equiva-

lent,
balance—Capabie

to

522 Analytical
weighing to =0.001 gram.

52.3. Syringe, 100 ul—Precision Series
“A" No. 010025, or equivalent.

of

* Mention of tfhde nnmes on specific prod-
ucts does not constitute endorsement by the
Enyironmental Protection Agency.
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594 Vinl Senler, Perkin<Elmmer No, 106~
0106 or equivalent.

53 Analysis.

5.3.1 Gas -chromatograph—FPerkin-Elmer
Corporation Model F-40 head-space ADA=
Jyzer, No, 104-0001, or equivalent,

5382 Chromatographic column—Stain-
Jess steel, 2 m X33 mm, contalning 04%
Carbowax 1500 on Carbopak A, Perkin-Elmer
Corporation No, 105-0133, or equivalent.
Carbopak C can be used in place of Carbopak
A,
5.3.3 Thermometer—0 to 100* C, accurate
to =0.1" C, Perkin-Elmer No. 105-0109 or
‘equivalent.

5.3.4. Sample tray thermostat system—
Perkin-Elmer No. 105-0103, or'equivalent.

535 Septa—Sandwich type, for sauto-
matic dosing, 13 mm, Perkin-Elmer No. 105-
1008, or equivalent. -

536 Integrator - recorder — Hewleit -
Packard Model 335804, or equivalent.

6537 Filter drier assemnbly (3)-—Perkin-
Elmer No, 2230117, or equivalent.

638 Soap film fiowmeter-~Hewlett Pack-
ard No. 0101-0113, or equivalent.

54 Callbration.

54.1 Regulators—for required gos cyln-
ders,

6. Rengents,

6.1 Analysis,

6.1.1 Hydarogen gas--zero grade.

6.12 Nitrogen gns—2zero grade,

613 Alr—zero grade.

6.2 Calibration,

62,1 Standard cylinders (4)-——one each
of 50. 500, 2000, and 4000 ppm vinyl chioride
in nitrogen, with certifled analysis.

7. Procedure.

7.1 Bampling.

7.1.1 PVC sampling—Allow the resio or
slarry to fiow frem a tap on the tank or slo
until the tap line bas been well purged. Fx-
tend a 60 ml samiple bottle under the tap, fill,
and immediately tightly cap the bottle. Wrap
electrical tape around the cap and bottle to
prevent the top from loosening. Place an
identifying label on each bottle, and record
the date, time, and sample lozation both on
the hottles and in a log book,

7.12 Water sampling-—Prior to use, tha
50 ml vials (without the disca) must be
capped with olumninum foll and muified at
400°C for at least ome hour to destroy or
remove any organic matter that could ina
terfere with arvalysis. At the sampling loca-
tion fill the vials buhble-free, to overtfiowing
80 that a convex men!scus forms at the top,
The excess water ls displaced as the sealing
disc is carefully placed, Teflon side down, on
the opening of the vial. Place the aluminum
seal over the disc and the neck of the vial
end crimp into place. Affix an identifying
label on the bottle, and record the date, time,
and sample location both on the vials and
in a log book. All samples must be kept re-
friperated until analyzed.

7.2 Sample recovery. Samples must be run
within 24 hours,

721 Resin samples—The weight of the
resin used must be between 0.1 and 4.5 grams.
An exact weight must be obtained {-0.001
gram) Ior each sampile. In the case of sus-
pension resins a volumetric eup can be pre-
pared which will hold the required amount
of sample. The sample bottle is opened, and
the cup volume of resin 15 ndded to the tared
sample vial (including septum and alumi-
num eap). The vial is immediately sealed
and the exact sample weight is then obtained.
Report thiz vnlue on the data sheet as it 1a
required for calculation of RVCM. In the
ease of relatively dry resin samples (water
content 0.3 weight <), 100 gl of distilled
water must be injected into the vial, after
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eeRling and welphing, vsing A 100 ,1 EyTinge.
Ir. tho case of disnerilon resins, the ¢up
cannot ba wused, The' sample Is ipstead
weighed npproximetely in anp sluminum dich,
transferred to the tared vial and weighed
sccuratcly in the vial. The sample iz then
placed tn the Perkin-Elmer head space ana-
1yzer (or cequivalent) and conditioned for one
hour at 80+C,

NotE: Some aluminum vial capa have &
center section which must be removed prior
to placing into sample tray. If not removed.
serious damage to the injection needle will
occur,

72.2 Suspension resin slurry and wet cake
samples—Siurry must be filtered using &
gmall Buchner funnel with vacuum to yleld
wet ¢ake. The filtering process must be con-
tinued only as long as a steady stream of
water is exiting from the funnel. Excessive
filtration time could result in some loss of
VCA. The wet cake sample (0.10 to 4.5 grams)
ia pdded to & tared via]l (including septum
and aluminum cap) and immediately sealed.
Sample weight is then cdetermined to 3 deci-
mal places. The sample is then placed in the
Perkin-Eimer head space analyzer (or equiva-
lent) and conditioned for one hour at 90°C,
A sample of wet cake 1z used to determine
TS (total solids). This is required for calcu-
lating the RVCM.

723 Dispersion resin 4lurry samples.~-—
This materjal should not be filtered. Sample
must be thoroughly mixed. Using a tared
vial (including septum and aluminum csp)
add approximately B drops (025 to 0.36
grams) of slurTy or latex usihg a medicine
dropper. This should be done immediately
after mixang. Seal the vial as soon as possible.

' Determine sample weight accurate to 0.001

grams. Total sample welght must not exceed
0.50 grams. Condition the vial for one hour
at 90°C in the analyzer. Detcrmine the TS
on the slurry sample (Section 7.3.5).

7.2.4 Inprocess wasiewster samples—
Usiog a vtared vial (including septum and
aluminum cap) quickly add approximately
1 ¢c of water using a medicine dropper. Seal
the vial as soon as possible, Detarmine
sample weight accurate to 0.001 gram. Con-
dition the vial for two hours at §0*'C in the
analyzer.

7.3  Analysis.

7.3.1 Preparation of gas ckromatograph—
Install the chromatographic column and con-
dition overnight at 150=C. Do not conneet the
exit end of the column to the detector while
conditioning. .

73.1.1 Flow rate adjustments—Adjust
flow rates as follows:

a. Nitrogen carrier pas—Set regulator on
cylinder to read 60 psig. Set regulator on
chrematograph to 1.3 kg/cm? Normal flows
at this pressure should be 25 to 40 ce/minute,
Check with bubble flow meter, R

b. Burner afr supply—=Set regulator on eyl-
inder to read 60 psig. Set regulator on
chromatograph to supply air to burner at a
rate between 250 and 300 co/minute, Check
with bubble fiowmeter.

3. Bydrogen supply—Set regulator on cyl-
Inder to read 30 psig. Set regulator on
chromatograph to supply approximately
350 ce/minute. Optimize hydrogen fiow to
vleld the most sensitive detector response
without extinguishing the flame. Check flow
Wwith bubble meter and record this fow

73.1.2 Tempernturs adjustments—sct
temperatures as follows:

a. Oven (chromatographle column), 50

b. Dosing Nne, 140* C. .
¢. Injection block, 140° QC,

d. Sample chamber, water temperature,
00° C=-1.0° C.
7313 Ignition of flame lonization detec-

m

tor—Tpnite the dotector acrording to the
manufacturer's instructions,

7.3.14 Amplifier Dbalanco—Dalatice the
amplifier according to the manufaciurera
instructiona,

7.3.2 Programming the chromatograph—
Prograrmn the chromatograph s follows:

a. I~~Dosing time—The normal setiing 1s
3 seconds.

b, A—Analysis tlme—The pnormsal setting
i3 8 minutes. Certain types of samples con-
taln high bolling materials which can cause
interference wtih the vingl chloride peéak on
subsequent analyses. In theso crses the
analysis time must be adjusted to eliminate
the interfercnce. An automated backfush
system c¢an 8150 be used to solve this prob~
lem.

¢. B—=Flushing—The normal setting {5 0.2
minutes,

d. W-Stabilization time——The nomal st
ting 18 0.2 minutes.

e. X~Number of analyses per sample—The
normal setting 1s 1.

7.3.3 Preparation of sample turntable—Be~
fore placing any sample into turntable, be
certain that the center section of the alu-
minum eap has been removed. The npumbered
sample bottles should be placed in the cor-
responding numbered positions In the turn-
table. Insert samples ih the followins order:

Positions 1 & 2—01d 2000 ppm standards
for conditioning. These are necessary only
after the analyzer has not been used for 24
hours or longer.

Position 3—50 ppm standard, freshly pre-
pared.

Position 4—500 ppm standard, freshly pre-
pared.

Position 5—2000 ppm standard, freshly
prepared.

Position 6~-4000 ppm standard, freshly pre-
pared.

Position T-Sample No. 7 (Thia is the first
sample of the day, but is given as 7 to be con-
sistent with the turntable and the integrator
printout.)

After all samples have been positioned, in-
sert the second set of 50, 500, 2000, and 4000
ppmn standards., Samples, including stand-
ards must be conditioned in the bath of

* 90* C for 1 hour (not to exceed 5 hours).

734 Start chromatograph program-—
‘When all samples, including standards, have
been conditioned at 90* C for 1 hour, start
the analysis program according to the manu-
facturers’ instructions. These Instructions
must be carefully followed when starting
and stopping program to prevent damage to
ihe dosing assembly.

735 Determination of total solfds (T5).

For wet cake, slufry, restn solution, and
PVC latex samples, determine TS for each
sample by accurately weighing approxim-
ntely 3 to 4 grams of sample in an alvminum
pan before and after placing In a draft
oven (105 to 110" C). Samples must be dried
to constant weight. After first weighing re-
turn the pan to the oven for a short pe-
riod of time And then reweigh to verity com-
pPlete dryness. TS is then calculated as the
fina) sample weight divided by initin} sam-
ple weight.

8. Cahbration. -

Calibration is to be performed each eight-
hour period when the instrument is used.
Bach day, prior to running samples, the ecol-
umn should be conditioned by running two
of the previous dnys 2000 ppm standards.

81 Preparation pf Standards.

Calibration standards are prepared by fill-
ing the vials with the vipyl chlorsde/nitro-
gen standards, rapidly seating the septum
and sealing with the aluminum cap. Use &
stainless steel line from the eylinder to the
vial. Do pot use rubber or tygon tubing, The
sample line from the cylinder must be

BOR 004929
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purged (into hood) for several minutes prior
to filling vinla. After purging, recduce the flow
rate to approximnately 500-1000 cc/min. Place
end of tublng into vial (near bottom) and
after one minute slowly remove tubing. Place
septum in vinl as soon as possible to mint-
mize mixing &ir with sample. After the stand-
ard vials are scaled, inject 100,1 of distilled
water.

. 83 Preparation of chromatograph calibra«
tion curve.

Prepare two 50 ppm, two 500 ppm, two 2000
ppm, and two 4000 ppm standard samples.
Run the callhration samples in exactly the
SAMO MANNCT 03 regular samples. Plot Ae
the integrator area counts for each standard
sample vs C,, the concentration of vinyl
chioride in each atandard sample. Draw a
iine of best fit through the polnts.

£, Calculations.,

8.1 Response [actor.

From the calibration curve described in
Section 8.2, above, gelect the value of Ca
that corrasponds to As for each sarmple, Com-
pute the response factor, Re, for each sample,
a8 follows:

R[:g:‘ Equation 107-1

92 Residual vinyl chloride monomer con~
centration, or vinyl chloride monomer coh-
centration.

Calculate Crve ns follows:

. M,V
Cr.;- RI T] ( ‘+K T’)

Equation 107-2
whaete:
c...-Coneonlrmon of vinyl chlpride {n the sample,

fop

P.-hbomtory stmosphers pressurs, mm

Ti1= Room temperat: un? °K. P ' H.

M,=Molecnlar weight of VCM (62. 5).

Vy=Volume of vapor phass (vial voluzos less sampls
volume).

m=Weight of samplo, prams,

R=0as constant (62,360). l\

K=Henry's Law constant for \'C‘\l‘ in PYC at
WO, Keg52%104=K, for VCM in 1 m
(approximate) wastcwater =amplo st 90°C,
K500~ K.

Ty=Equilibration temperaturs, °E.

If the follewing eonditions are mot, Equation 107-2

san be simiplified a3 follows:

1 Ty=22°C (205° K),
2, Ty=90° C (353° K),
3. Py=750 mm. Hg.

4 V.-V.-— —...ﬁb-—
wheeo *
V= Vial volume, e (ﬁ-s)
5. Bample containg lo?s than 0.5% water.
-t
Crvm ! (4 197X xo--+§-38—?—n5'—m—)

- Equation 107-3

The lollowing general equation ean be ased for any ’

sample which contains VM, P'VC andjer weler.

A,Pq -
/Ty

x[MeLet K, (TS) Tot Ka (1-78) T.]
Equation 1074

Crlr""

where:
T.=Tola! solids.
Note: K, must bo demrmmed

Results caleulated using Egquatlon 107-4
represent concentration based on the total
sample. To obtaln results based on dry PVCO
content, divide by TS.

Fors 1 oo (approximate) wastewster Eample, Fquation
1074 can be simplified to the lollowing:

c...=-47 5—98%10—“2 066)(10"')]
Equation 107-5
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Capillary Abnormelities in

ITEM 3

Polyvinyl Chloride Production Workers

Examination by In Vivo Microscopy

Hildegard R. Maricg, MD; Maurice N. Johnson, MD;

Charles L. Whetstone, MD; E. Carwile LeRoy, MD

e Examinaltion by wide-field capillary microscopy of the hands of 152
workers In vinyl chloride (VC) polymerization plants demonstrated scat-™

ered, scleroderma-like microvascular abnormalities In 21 workers and iso-
lated capillary abnormalitles in 27, as compared with only three isolated ab-
normalities In 50 manual workers not exposed to viny) chloride. Thirteen of
17 VC workers with objective evidence of VC-associated abnormalities (an-
glosarcoma or librosis of livet, acroosteolysis, or scleroderma-like skin le-
slons) were observed to have microvascular abnormalities.

If prospective ctudies contirm the Implications of this study, capiliary mi-
croscopy may become a useful mass-screening procedure in the early de-
tection and prevention of VC-associated disease,

(VAMA 236:1368-1371, 1976)

INITIAL reports of human disease in
which viny!l chloride (VC) has been
implicated as pathogenetic were lim-
ited to descriptions of such peripheral
changes as distal phalangeal resorp-
tion, ie, acroosteolysis (AOL).'"* Re-
cently, a systemic effect of VC has
been suggested by an unusual pat-
tern of hepatic portal, intralobular,
and capsular fibrosis; angiosarcoma of
the liver; and pulmonary functional
abnormalities suggesting early pul-
monary fibrosis, all of which oceur
more frequently among workers em-
ployed in polyvinyl chloride produc-
tion plants than among the general
population.** Furthermore, animal

From the Dwvision of Rheumatalogy and im.
munology, Department of Meaicwme, Medicat
University of South Carohna, Charleston (Drs
Mancq and LeRoy). Tha B £ Guodneh Com-
pany, Akron, Oho (Dr Johnson), and Cont.nen-
tal Oit Company, Ponca City, Qkla (Dr Whet-
stone)

Reprint requests ta Division of Rheumalology
and immunoiogy, Department of Medicine, Med-
ical University of Soutn Carohna, BO Barre St.
Charteston, SC 29401 (Dr Manicq).
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experiments have demonstrated that
VC can produce a variety of tumors in
rodents.!!*

There are several similarities be-
tween VC disease and scleroderma
(systemic sclerosis): Raynaud phe
nomenon is prominent among the
symptoms associated with AQL» ¥+,
localized  scleroderma-like lesions
have been reported in some patients
with AQL**; and, in both VC-associ-
ated disease and scleroderma, small-
blood-vessel lesions and interstitial
fibrosis are thought to be important
in pathogenesis.,'v-13

In scleroderma, changes in small
blood vessels of the skin have been
observed in vivo by capillary micros.
copy.'*** Using the technigue of wide-
field capillary microscopy, distinetive
abnormal capiliary patterns in the
finpers of patients with Raynaud syn-
drome and scleroderma have been
demonstrated.'” Furthermore, a posi-
tive correlation is noted between the
severity of capillary pattern abnor-
malities and multisystem involve-

JAMA, Sept 20, 1975—=Vol 236, No. 12

ment in these connective-tissue dis-
orders.’” The possibility that VC-
associated disease might be charac-
terized by microvaseular abnormal-
ities similar to those observed in
scleroderma led to the present study
of VC workers, using techniques of
wide-field capillary microscopy. The
specific questions of this study were
the following: (1) Do symptomatic VC
warkers have finger-skin-capillary
abnormalities? (2) Are the abnormal-
ities similar to or different from those
seen in patients with idiopathic
scleroderma and Raynaud syndrome?
{3) Are microvascular abnormalities
related to the type of VC-associated
abnormality (peripheral vs systemic),
especially liver abnormalities? (4) Are
microvascular abnormalities related
to the nature and duration of VC-ex-
posure? (3) Are microvascular abnor-
malities found in a control group of
manual workers not exposed to VC?

SUBJECTS

VC Workers Selected by Symptoms
(n=44).~The 44 subjects in this group
gave a history of symptoms and signs
possibly related to VC exposure. Thuy
were 31- to 37-year-old men (mean
age, 42 years) whb had worked in the
polyvinyl chloride industry for 5 to 2s

years (mean, 15 years), A history of= . -

past  reactor-cleaning  experience
(ranging from 0.2 to 8 years; mean,
25 years) was present in 35 of 44
workers. Table 1 shows the com-
plaints and the pathologic findings in
group 1.

VC Workers Selected by Question-

Capillary Abnormalities—Maricq et al
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naire (n=108).=These subjects were
selected on the basis of their answers
to a questionnaire ysed in the poiy-
vinyl chloride production plant to de-
tect early AOL. All available subjects
who had given one or more affirma-
tive answers to the questionnaire

. (Q+) were examined, a total of 66

subjects. Scventy-one subjects were
examined from & random selection of
those who had piven negative an-
swers to all gquestions (Q—). Data on
29 of the 137 subjects examined were
excluded because of unreliable obser-
vations caused by skin injuries or
deep pigmentation, leaving 108 cm-
ployees (50 Q+ and 38 Q-) in this
group.

Control Manual Workers (n=50).—
The possibility that repected minor
injuries associated with manual labor
might contribute to the abnormal
findings seen in VC workers led to the
examination of workers from compa-
nies making neither VC nor polyvinyl
chloride and hospital employees work-
ing as carpenters, truck drivers, and
maintenance men, a total of 50 work-
ers. All were men and ranged in age
from 19 to 62 years (mean age, 43
years).

METHODS

Wide-ficld Cepillary Microsenpy.~The
technique of wide-field capillary micros-
copy as previously reported' consists of
the observation of selected skin sites under
immersion oil, using a stereo wide-field mi-
croscope at magnification x 12 Wide-field
reicroscopy permits the detection of micro-
vascular patterns, such as the presence
and distribution of dilated or deformed mi.
crovessels and the absence of capillary
loops, without attempting o measure ab-
solute vessel dimensions. The technique is
rapid and suitable for mass screening.

Twelve standard sites were examined in
each subject: four railfolds and two each
of the following sites: dorsum of the distal
phalanx other than the nailfold, dorsum of
the middie phalanx, dorsum of the proxi-
mal interphalangeal joint, and the finger
pad.

Photography of Microvessels.~The wide-
field photographic technigue as previously
deseribed* was used to photograph at Jeast
one finger of each subject. All photographs
were coded for blind comparison of capil-
lary findings in VC workers and control
subjects,

Clinical and Occupationa) Data,— Al sub-
jeets were interviewed.as to lengrth of em-
ployment, job assignment, general state of
bealth, presence or ahsence of Raynaud
phenomenon, and smoking and drinking

JAMA, Sept 20, 1976--Vol 236, No. 12
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Table 1.—Chmcal Fincings and Complaints of Group 1 Vinyl Chlondu Workers®

Mo. of Subjects

No. of Sub-  Vith Capitiary

' jects Examined Channesrt
Severe AQL with Raynaud phenomenon 6 4
Scleroderma-bre skin 1051905 with

Raynaud phenomenon 5 4
Liver abnormalities; G 5
Sublotal 17 13
Mealed AQL with Raynaud phenomenon 6 0
Heaied AOL withoul Raynaud phenomenon 1 0
Raynaud phenomenon alone 9 3
Nongpecitic skin rashes without Raynaud phenomenan 7 ]
Miscelaneous complaints 4 0
Subtotal 27 4
Total! 44 17

*AOL indicates acroosteolysis.

10T 17 subjects with abnormal capillaries, ten had scattercd changes (8/13 and 2/4 of the
two groups zbove) and seven had isolated changes.

2Two patients with anaiosarcoma of the hiver and one each with (1) portal tibrcsis and en-
larged spleen. (2) portal hibrosis with early errrhosis and fatty metamorphosis, (3) thromboss
ol the spieric veun, mud liver damage, and reticuloendothelial cell hyperrlasia, (4) fatty
metamorphosis with {ocal capsular and subcapsular ibrosis and splenomegaly with vascular

congestion.

Table 2 —Comparison of Capillary Observations Between
VC Workers and Controls®

Mznual Workers

Employees of No! Exposed

VC Industry to VC
Scaltered capillary abnormalities 11 Q
Abnorma! capiilaries present, but few in number 27 3
No cagilary sbnormalities seen 70 47
Total 108 50

*VC indicates viny! chloride. Diflerence in the prevalence ol capillary abnormalities be-
tween VC workers and controls 1s siatistically significant (x? = 15.50, P<.001).

habits. A limited physieal examination was
performed. All data were coded for later
analysis and were unknown to the capil-
lary observer and photographer.
RESULTS

Group 1 (VC Workers Selected by
Symptoms).—Examination of group 1
subjects showed scattered capillary
abnormalities similar to those found
in scleroderma (Fig 1 and 2). Defi-
nitely dilated capillary loops were
seen in the nailfold and in other fin-
ger sites, contrasting with the sur-
rounding normal vasculature, Pale
avascular arcas were {requently ob-
served. The capillary abnormalities
were usually more discrete and less
numecrous than those seen in most pa-
tients with scleroderma. They were
seen more frequently in subjects with
severe AQOL, liver abnormalities (as
defined in Table 1) and scleroderma-
like lesions (13/17) than in those with
healed AOL, nonspecific skin rashes,
or Raynaud phenomenon alone (4/27;
x*=14.21 /< .001). Moreover, 5 of 6
subjeets with liver abnormalities ver-

Capillary Abnormalities—Maricq et al

ified by biopsy specimens had micro-
vascular abnormalities (Table 1).

In a few subjects, lesions resem-
bling mini versions of clinically vis-
ible papular skin lesions were ob-
served microscopically (Fig 3, left). In
two subjects with active AQL, capil-
lary hemorrhages were observed un-
der the proximal nail plate in addi-
tion to the common type of "splinter
hemorrhages” under the distal nail
plate (Fig 3, center).

Group 2 (VC Workers Selected by
Questionnaire).~Dilated  capillaries
were observed in 38 of 103 group 2
workers; both the number and distri-
bution of dilated capillaries difTered
from those observed in most sclero-
derma patients.” Many group 2 work-
ers had isolated, extremely dilated
capillaries (Fig 3, right and Table 2),
No correlation was found between the
lengsth of time employed as a reactur-
cleaner (or the lenpth of time with
the company) and the capillary abnor-
malities. Otfice und supervisory per-
sonnel who had never been produc-

1369
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tion workers had fewer microvascul
abnormalitics (3:22) than producti
workers (33704, <o)
however, production worke. s shewed
no ditferences in cupitlary abrormal-
ities according to job catepory. There
was no significant difference (x-, =
1.32, P>.53) between employees who
had bLeen classified as Q+ or Q- on
the basis of the guestionnaire. It was
noted, however, that there was little
or. no correlation hetween the re-
sponses regarding Raynaud phenom-
enon obtained from the questionnaire
and those obtained from the inter-
view at the time of examination.
Physical examination disclosed iwo
workers with AQL (one “active" and
one "healing” by roentgenographic
examination) and papular skin le-
sions, and ten workers with hepato-
megaly (4 ¢m or more below the right
costal margin). The subject with ac-
tive AOL showed scattered capillary
changes, the subject with healing
AQL had a "normal” eapillary exami-
nation. There was no correlation be-
tween hepatomegaly and capillary
findings.

Comparison of VC Workers With
Control  Subjects.~Capillary abnor-
malities in group 2 VC workers were
significantly more frequent than in
the control manual workers examined
{(x*=15.50, P <.001) (Table 2).

Analysis of Photographic Data.—
Three hundred seventeen uniden-

Y =AY,

1. Harsds DK, Adams WGF: Acro-osteolysis
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tified photoyreaphs of VG workers
were mixed with 136 photograph., of
enntrol sabjeets and 130 |)!mln;.:r;:phs
of patientz with selerode rnu and re-
Lated dizeases; all photographs were
rated for the presence of capillary
abnormalitics, The results demon-
strated that significantly more VC
workers (349/152) than control sulr
jects (3/50) had capillary abnormal-
ities (x*=17.69, I’ <.01). Although ob-
jective, for technical reasons,
photographs are slightly less sensi-
tive than direct observations in de-
tecting eapillary abnormalities.

COMMENT

The results of this study demon-
strate that capillary abngrmalities
soen in the finger skin by in vivo mi-
cruscopy are present in VC workers
more {requently than in control sub-
jeets, These capillary abnormalities
are not exclusively related to pe-
ripheral patholozical conditions such
as AOL, scleroderma-like  lesions
of hands, and Raynaud phenomcenon,
but are also found in subjects with
liver abnormalities {(as defined in
Table 1) and in suhjects who have
papular lesions clsewhere on the
body. Microscopic papular or fibrotic
lesions can also be observed in VC
workers. In 33% of the subjects who
show any capillary changes, the pat-
tern appears similar to the micro-
vascular changes seen in scleroderma;
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© the remaning magonty, chanpes

dstoof a few dilated capibaries
only; very few control subjoots ~how
c\.'L:n these minimal capiliary b
malities, 8ince microvasculur changres,
oceur mure frequently than overt V-
associated pathologic conditiens in

- VC workers, they may represent an

early manifestation of the VC eifeet,

More work is needed to determine
the nature and evolution of such mi-
crovascular abnormalities, their rela-
tionship to VC-associated discasc (as
oppostd to a transient reaction to VC
exposure), and their relationship to
the subject's suseeptibility to VC dis-
ease, Further studics are also needed
to compare the capillary changes re-
ported here with those seen in small
blood vessels and endothclia of ani-
mals exposed to VIC.' Capillary mi-
croscopy might then he uscd as a re-
produc:ble, noninvasive techniqué to
monitor VC workers and to identify
VC-uassociated peripheral and visceral
discase in susceptible individnals at
an early and possibly preventable
stage. ’
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HEPATIC ANGIOSARCOMA IN A
VINYL CHLORIDE WORKER

P. M. S»urn, M.D,, MR.CP.; D. M. J. WiLLiams, M.B., B.Ch,;
axp D. M. D. Evaxs, M.D.,, M.R.CP,, F.R.C. Path.
Liandough Hospital
: B.P, Chemicals Internationzl Limited
. ! Sully

Penarth, Glamorran, Wales
England

ore than 38 cases of angiosarcoma so far have been confirmed
M among workers exposed to vinyl chloride monomer gas (VCM)
during the manufacture of polyvinyl ehloride (PVC). The median in-
terval from first exposure to diagnosis was 17 years; the average time of
exposure was 16 years.? We are reporting on a patient whose exposure
to VCM lasted only 3! years.

A 36-ycar-old white male was admitted to the hospital for treatment
of peptic ulcer pain that had recurred intermittently for 1g years. His
. health otherwise had been good; he did not smoke and he drank very
X Jitle alcohol. For 3% years he had worked as a “polycleaner,” a cleaner
of polymerization vesscls in a factory where VCM is processed to PVC.
After this he had worked for three years prior to admission as a store-
man of raw materials, handling resins only.

On examination the patient Jooked well; the only abnormal physical
sign was a liver palpable to 6 cm. Barium meal revealed the presence of
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Fig. 1. Focal severe sinusoidal dilatation on liver biopsy (X 500)

a deformed duodenal cap. At operation a large duodenal ulcer was
found, for which a Pélya partial gastrecromy was performed. The liver
appeared cirrhotic, with grossly distended veins forming a collateral
circulation in the anterior abdeminal wall znd the falciform ligament.
Tests of liver function gave normal results, but an operative liver biopsy
showed noncirrhotic fibrosis; there were several foci of severe dilata-
tion of the sinusoids (Figure 1).

Recovery from operation was uneventful. The serum alkaline phos-
phatase level rose to 87 1L.U./L (normal range: 15 to 40) after six weeks,
but all other liver-function tests and the erythrocyte sedimentation rare
were normal, apart from a bromsulphalein retention of 19% (45 min.).
Tests for smooth-muscle and mitochondrial antibodies and for Australia
antigen werc ncgative.

One year after operation the patient was working full rime as a dock
laborer. There were no abnormal physical signs apart from the enlarged
liver. Liver-function tests now showed a further rise in the serum alka-
line phosphatase level to 115 1.U./L, with an elevated bilirubin value
of 32 pmole/I. (normal range: 5 to 17).

N
Bull. N. Y. Acad. Med.
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- Fig. 2. Gross appearance of liver at postmortemn
. Four months later he was admnitted to the hospiral as an emergency
\ patient. He now had dyspnea, ascites, ankle edema, and jaundice. He
ver looked ill and wasted. Liver palms and numerous spider nevi were pres-
cral ent. The liver extended 1o em, below the costal margin. Diuretics
ent. caused an appreciable loss of edema, with great relief of the dyspnea.
'PSY Results of the liver-function tests were grossly abnormal: serum biliru-
aa- N bin 103 pmole/L, alkaline phosphatase 120 LU./L, serum glutamic
oxalaceric transaminase 35 LU./L, albwmin 27 gm. /L, globulin 4o gm./L.
108- During the next month the bilirubin rose stcadily to 390 pmole/L. A
ks, scan showed the liver to be massive, with numcrous areas of decreased
ate uptake. A hepatic arteriogram revealed a widespread pathological cir-
). culation, with multiple arcas of tumor blush, suggestive of a highly vas-
alia cular muldcentric hepatic neoplasm, Tests for e-fetoprotein and car-
cinocmbryonic antigen were negative. A barium-swallow test demon-
ock strated varices.
ged Dilared veins appeared on the anterior abdominal wall, but at no
tka- time was a hepatic bruit heard. Soon afterward the patient lapsed into
thue hepatic coma and died. N
At necrapsy there was edema of both lungs. The right lower lobe
Hed. Yol. 52, No. 4, May 1976
. * BOR 004938
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Fig. 3. Postmortem hepatic senogram

showed parchy collapse and consolidation and evidence of several hem-
: orrhages. The pericardium contained clear vellow flnd but there was
no significant ascites, Apart from the old partial gastrectomy, the ali-
; mentary tract was normal,

1 The liver weighed 3,240 gm. and was greatly enlarged by a vascu-
lar tumor which had almost comyletely replaced normal hepatic tissue
(Figure 2). Large blood lakes and cavernous vascular spaces were
shown well by injection of barium suspension into the hepartic vein
after death (Figure 3). The spleen was congested and very firm, but
weighed only 200 gin,

Microscopy showed replacement of much hepatic parenchyma by
hemorrhagic and necrotic tumor tssue. The tumor consisted of vascular
channcls, varying greatly in size and shape, lined by plump endothelial
cells and also by large multinucleate tumor eells (Figure 49, believed

Bull. N. Y. Aced. Med.
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Fig. 4. Microscopy of tumor (X 500)

to be malignant Kupffer cells. In some parts of the tumor these cells
were sparse and the dilated sinusoidal structure resembled that seen in,
the biopsy specimen, but in other parrs these giant tumor cells were very

numerous. A few had desquamated into the vascular channels and there
was cvidence of tumor-cell embolism in the pulmonary hemorrhages,
although no cohesive merastatic tumor tissue was found in the lungs
or other organs.

S,

R SR
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Discussion

This patient was remarkable v several respects. The duration of ex-
posure to VCM of 315 years, compared with the mean of 16 years for
the previously reported 38 cases of angiosarcoma, was unusually short.
Only one younger case has heen deseribed. The latent period from the
first exposure to VCM to diagnosis was cight years, whercas for the

other reported cases the mean interval was 17 years (ranges 11 10 30
years).! We have no evidence that the exposure o VCM was in any

way unusual; in particular, the patient had not been a gas “sniffer” and

Vol. 52, No. 4, May 1976
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1 his subscquent periods of employinent had consisted of laboring and
handling bananas. Tle had, however, heen a pnl_\'c\mncr, and 83%¢ of
cases of VOM-treated angiosarcamas so far deseribed have accurred in
; persons similarly employed.’ e is only the second patient with anglo-

sarcoma to be reported in Britain, |

This patient also was unusual in thar the liver biopsy performed 1 J

1 months prior to his death revealed seriking foeal dilaration of the sinus- |
oids. This change has been deseribed recently in the early stages of some

other angiosarcomas linked to vinyl chloride.* We have performed liver ]

|

1 biopsies on a number of other VCM workers with appreciable periods of
exposure, but have scen only a noncirrhuotic fibrosis* and are unable 1o
1 confirm rhat the sinusoidal dilatation can be considered a precursor to

the formation of tumor. It is 1o be hoped that stricter environmental
controls will prevent further angiosarcomas arising de noto, but work-

F .
| ers who have already developed portal hypertension and those who have

been exposed to high concentrations of the chemical in the past must
1 be monirored carefully in the future,

SUMMARY

1 A man aged 36 vears who had been a VCM process worker for only
] g€G 30 P )
4 3% years was unexpecredly found at Japarotomy for a peptic ulcer to

have an enlarged liver and portal hypertension, Biopsy showed stril:ing
1 focal dilatation of the sinusoids. Fifteen months later the patient died
of a hepatic angiosarcoma.
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UNIROYRAL, inc,
Oxford Management & Research Center
Middiebury, Connecticut 06749
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August 12, 1976

Pr, T. R. Torkelson
Building 2030

Dow Chemical Co.
Midland, MI 48640

Dear Ted:

On page 10 of the August 1l issue of Chemical Week is a notice that
NIOSH is asking for information on toxiecity of 10 chemicals including
vinyl chloride. Recently I compiled the attached data taken from
November 12, 1975 list of NIOSH known Angiosarcoma cases, I listed
only actual deaths by year of death. It seems to me that the last
column is the most meaningful, If we assume roughly a 20 year
induction period 1975 relates to 1955 when the industry was expanding
rapidly, However, plants were larger and as time went on for various
reasons fewer people were exposed at high levels,

This indicates to me that the iceberg just isn't there, I would
expect that at worst the average would rise a bit and then ease down
until it blends with the background about 1990 or 2000. It is too
much to hope that a government agency would ease off on its regulations
but it might be wise to publicize these results so that they don't
further tighten them, The information should be updated,

Sincerely,
’ ol
(L

W. D, Harris
Corporate Industrial Toxicologist

WDH/df

Attachment

ec: M., Freifeld
D, E. Dudrow

BOR 004942
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August 5, 1976

TO: R. J, Dowling

. FROM: W. D. Harris

SUBJECT: U,S, Ceses of Co. iirmed Deatha Due to Vinyl Chloride

Expogure

The attached table from NIOSH lists the cases of angiosarcoma
gcceied by the pathologists as typical vinyl chloride induced
anglosuarcoma, The Bridgeport G,.E. worker and the accountant in a
fabricating plant have been eliminated, The two cases who are still
alive were not included in my calculations which follow the table,

WDH/A ¢

Attachments

¢c: B, R. Leach
D. E. Dudrow
R. E. Lovwell .
J. D, Forbes, M,D,
L. F. Dieringer
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RETORTED CASES OF ANGIOSARCOMA OF THE LIVER AMONG - T - vrosy -

VINYL CHLORIDE POLYMERIZATION WORKERS Ygve 12
- T _ _ 7 . 1st VC DX AGE IRS TOT :
el - CASE BIRTH or PVC - AXGIO- AT 1st EXP YRS | _DATC QF.
- ... COUNIRY ¢ - DATE EXPOSURE “SARCOMA - DX 70 DX EXP DZATH
LT Ualted States O1* 10-17-23 12-09-43 03-03-73 49 22 16 03-03-73
. %% Unlted States 02% 08-19~-23 11-15-55 65-00-70 37 14 213 - 09-28-71
}}*f: CTaited S:tates 03 - 05-25-:5 11-28-45 12-19-73 58 28 2 12-19-73
A."f taited Szates Cax 01-15-24 07-06-52 03-19-67 43 15 15 01-07-¢3
;;- vuited States CS» 01-25-12 06-19-44 04-09-64 2 20 -, 18 04-03-54
f; " Taitad States 0G% 00-00-29 01-17-62 0z-00-74 45 12 12 07-2%-75 -
s United States Q7% 05-03-22 03-00-44 ¢0-00-G8 45 24 18 03-23-33
: Unized States 03% 05-06-20 10-07-46 08-00-61 41 15 15 08-23-61 -
P " Uaircd States Cox 11-05-31 09-09-54 03-01-74 43 17 17 G3-00-75
rltcd States 10 08-16-13 06-12-51 05-00-68 - 55 17 17 - 05-10-48
* Ualted States 11% 05-27-09 10-14-46 03-00-70 61 23 . 23 03-15-70
- United States 12% 11-17-13 09-13-49 05-02-69 50 20 . 15 05-02-492
Yajited States 13% 12-01-21 08~15-44 05-00-74 52 30 30 07-C4-74
Unitcd States 16% 11-04-27 05-03-50 GC~-06~69 41 17 4 03-27-¢9
~ “Unlceed S:tates 17* 05-06-31 06~23-55 10-11~-74 43 19 19 ALIVE
-~ Unlzed Ststes 18% 04-~22-28 03-00-54 C0-0Q~75 46 21 13 11-C2-75
vnited States 19 00-00-15 C0-~-00-43 056-19-75 60 32 32 ALTVE
~<- Yugsslavia O1l* C4-05-14 00~-00~53 04-08-73 59 20 20 04-08-73
Yugoslavia T Q2% 11-15--31 00-00-50 07-12-73 42 23 18 07-12-73
Total Reported Cases = 45
Median Values:
" 17 U.S. Cases 46.0 20.0 17.0
N 17 ¥on-U.S. Cases 43.0 17.0 15.0
- 34 Total Caszs 18.0

YP6700 ¥og

* Indicates wicroscopically cozfirmed angissarconma

03" Indicatcs unknowa data.

of the 1iver,

45.0

16.0

- COPIED BY MCA 11/26/75




Year of Death

Code No's, of workers
who died during yecar

Rolling Ave, |

0
'

Starting 1961

Starting 1958 .

I

‘.Iulni.

1961 08 | - Lo : '
1962 0.50 o
1963 0.33 "
1964 05 0.50 e
1965 .0.40 , o
1966 0.33 '
1967 04 0.43

1968 07, 10 0.63 2.0

1969 12, 16 0.78 2,0

1970 02, 11 0.9- 2,0

1971 0.82 1,5

1972 0.75 1,2

1973 01, 03 0.84 1.3

1974 06, 09, 13 1.0 1.7
1975 18 1.0 1.8

Recognizing that the big build-up of the industry came in the '50 and '60's and ,-
with a 20 year median period between first exposure and diagnosis, there has been
It is likely that improvements in new plants

no rapid build-up as was feared.

offset volume,

incidence over the next few

of the century,

I would anticipate that there m

.

ight be a slight increase in ‘
years followed by a decline throughout the remainder
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Effect of Occupational and

Journal of Occupational Medicine

QOctober 197G Vol 18 No 10

Nonoccupational Factors on the S
: - W

Respiratory System of Vinyl

NN

N

Chloride and Other Workers

john Gamble, Ph.D.; Shuguey Liu, M.S.; A. |. McMichael, M.D., Ph.D.;

and Richard J. Waxweiler, M.S.L.E.

There are suggestions in the literature that vinyl chloride
(VC) acts as a lung irritant. Respiratory questionnaires and lung
function tests were administered to 174 chemical (VC)
workers, 81 polyvinyl chloride (PVC) workers, 72 former VC
workers, and 136 rubber workers, and 68 maintenance workers
with exposure to VC, PVC, and rubber. Except for small air-
ways obstriction associated with rubber, increased respiratory
symptoms and decreased pulmonary function were not
associated with working in chemicals, plastics, or rubber.
Some increases in baseline pulmonary function were
associated with VC exposure. Acute reductions in pulmonary
function were observed in smokers working in chemicals,
plastics, and rubber. Heavier cigarette smokers over 40 years
of age had the most adversely affected respiratory system.

Work was not associated with chronic respiratory effects,
but all exposure groups experienced some acute respiratory
insult.

At high exposures, vinyl chloride (VC) 1s a nervous system
depressant, and in fact was investigated as a possible anesthetic,
but was not used because of crrculatory and cardiac eftects at
concentrations of 10-20 vol. %.' In the late 1960's, acroosteolysis
was associated with the polymerization of VC to form polyvinyl
chloride (PVC) 2*4 Early in 1974, four fatal cases of angiosarcoma
of the liver were reparted in reactor aperators working in a VC-
polymerization plant.® Subsequently the disease has been
discovered among VC workers all over the world. Experimental
and epidemiologic studies suggest that exposure to VC may carry
an increased nisk of respratory imparrment.* ' As a result, the
Occupational Health Studies Group (OHSC) at the University of

From Qccupational Health Studies Group Schonl of Public Health, University of
North Carolina Chapel Hill NC 27514
Repont requests to NCNB Plaza, Sune 32, Chapel Hill, NC 27514 (D Gamble)

Journal of Occupational Medicine/Vol, 18, No. 10/October 1976

North Carolina and the National institute of Occupational Safety
and Health (NIQSH) and CDC jontly carred out an epidemiologic
study of VC-PVC workers. A part of this study was the investiga-
ton of respiratory function and symptoms i currently employed
VC and PVC waorkers, former VC waorkers, and a sample of control
rubber workers emploved in the same plant.

Methods and Materials

The plant under study has three major divisions The chermical
plant produces primanly polyvinyl chlonde PVC) resin. although
some copolymers such as vinyldene chlonde and styrene-
butadiene are also produced. The polvmers are cither shipped or
used m the film and Sheeting division of this same plant in the
praduction of plastuc products. Fiim and Sheetng division
iplastics) is in a building adjacent to the Chemical Plant, which alsn
contains the Rubber Products division manufactunng primanty
tires and tubes. All workers currently employed in the VC-PVC
plants were mnvited for exammation. A sample of 136 rubber
workers from cleaner areas of the rubber division fie. tie
building, final mspection. shipping and recewing) and without
prior exposure to either VC or PVC, were selected and group-
matched with the VC workers on age and sex. A total of 71 former
VC workers and 68 maintenance workers were also examined.
The response rate varied from a low of 62% n rubber workers to
77% in chermcal workers. Climcal, smoking and occupational
histories. complete physical examinations, chest roentgenograms.
sputum cytology. symptoms. blood and urme chemistries were
obtained on all 531 workers, and will be reported elsewhere.

The British Medicat Research Council resprratory questionnaire
was administered by traned medical interviewers. Each worker
performed a mimimum of five forced exhalations, seated and with
a nosechp. The three best performances were selected on the
basis of forced expiratory volume in 1 second (FEV) and forced
vital capacity (FVC) within 10% of each other, and acceptabie re-
producibility of the flow-volume curve. In addition to FLV and

659
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FVC, expired flow at 25% FEF2s). 50" Tl and 757 FEF=9 of  the other smaking cot~gones, with proporbionalis teser e C

exhated FVC were obtuned At least ! angle-breatn nitroeen smokers n the 39y ge group smohers and nonsmokers had
tests were also pertormed Recommended proc cdures aned selpec- approsimateh the same dnttibution ol aee groups althaush o
tion ontenia were tollowetd oy ablaming closing volume oy higher propotton of nonsmiokets wepe olders and o bugheo propas

prr‘ssed as ratio of closing volume vy vitad capacity CVVC) 5 in nea of smokers were in the middie age groups None ot the hehe
addition, a random sample of nitvesx VO PVC and  rubber smokers ' €1 pack.dav' smoked more than 25 pack=sverars, and
workers were administered lung function tests hetore wark and they were equally distrbuted m the <€ 25 pack-vears c,\[(‘g()u’-
again after work. The difference in flow rates 1s calculated as after  Most 161°%) of the heavy smokers ¢ 21 pack dav' woere in the » 25
- before/mean with afterwaork flow rates measured using, the maxi- pack-year category: 25% smoked 10-25 pa k-vears, and 14°, < 10

mum pre-exposure FVC. pack-years.
The following questions were of interest i this studv: Table 2 shows the distrthution of svmptoms related to smoking
1. What are the eftects of work an respiratory svmptoms and  apd age. Prevalence of cough. phlegm, and persistent ¢ouch and
fuﬁcqion? Symptoms and basehne lung function were analvzed ac-  phlegm did not ncrease with age. Breathlessness inc reased <ightiv

cording to three work expasute categones: ) current jab thourly but steadily with age. with the oldest age group reportng a rate of
VC salary VC. PvC. rubber. maintenance. former chemical): b} all  preathlessness 25 times greater than the yvoungest ane group
jobs, past and present tonly n VC. anlv in PVC. only in rubber, or Smoking had a strong effect that was dase-related 1or all
in a combnation of the three), in this mixed exposure group an respiratory symptoms. Light smokers <1 pack day! had the same
analysis of covanance was used to sort out the contributions of symptom rate for cough. phlegm, and persistent cough and
the VC, PVC, and rubber work experience 10 baseline pulmonarv phlegm as exsmokers and pipe or cigar smokers Exsmokets, pipe
function; {¢) man-months of exposure to VC: All VC jobs were cigar. and < 1 packiday smokers had similar rates ot
given a high (10). medium (3) or low (1} exposure rating. Time i preathlessness.
months) spent in each job mulupled bv the exposure index Because of the potental confounding efiects of age and
provided a cumulative exposure 10 VC. This cumulative exposure smoking, comparison of symptoms n each exposure catefory
score (CES) was then compared to baseline pulmonary function. were adjsted for smoking and age difierences Table 3 chows the
The association of dose (years worked in the exposure  prevalence of respiratory symptoms according to current job. The
categories or CES) and baseline lung function were assessed by afaned chemical workers consistentiv had the lowest prevalence
calculating lung funcuon regression equations for each smoking for all symptoms. Plastics, former chemical. and mantenance
category of the total population. Then. within each exposure  workers reported the highest rates for cough, phlegm. and per-
group, actual values of each smaking category were expressed as a sistent cough and phlegm: rubber and hourlv chemucal workers
percentage of expected vaiues for all workers n that same  were intermediate for these svmptoms. All warkers except the
smoking category In this way, the effect of work exposure on lung  salarv chemical workers observed similar rates of breathlessmess
function was adjusted for diterences in age. height and smoking Table 4 reports the age and smoking adjusted prevalence ot
between exposure categories. respiratory symptoms i workers working only n the rubber
2. What are the potential hazards of work exposure as measured  division. only in plastics. and only in the chemical plant Aain-
by changes in pulmonary function over a work shift (&PF)? A enance workers move back and forth among chernical. plastics
reduction in lung function supgests the hkelihood ot some harmiul  and rubber. with no epidermiologically appropriate records kept of
exposure In the working environment. time spent 0 any of these areas. The mixed group comprised
3. Are symptoms rates and lung function parameters com-  those who had worked in two or more exposure categories The
parable to other octupatian groups? Because the PVC and rubber plastics only and chemical plant only workers had marked reduc-
control graups were themselves exposed to varied levels ot dust  tions in reported svmptoms when compared to all currently em-
and fumes. comparisons with other studies are made. ployed workers in these same categories. Symptom rates for the
mixed group were shghtly higher than observed in the total
population. and similar to the farmer chemical group Thase
Results working only n chemical. plastics. or rubber appear to be a select
The age-smoking distnbution of the population is shown n group of healthier workers. A high proportion of thase with svmp-
Table 1. Shightly over half of the population were smokers, 20%  toms in current job categories had a mixed expasure of rubber, ‘
nonsmokers, and 16% exsmokers. The exsmdkers were older than  chemicals and/vr plastics. \

Table 1. — Age-Smeking Composition of Study Population. |
Smoking . Age < 29 1039 4048 5059 260 Total
Status N (%) K %) N (%) N (%) N (%) N % of Totad
Nonsmoner® 26 1240 1My 21 nen 27 {173 9 1454} 108 209
BxsTomeet 50715 2L PREEAT] I AL LY .al 22 (15 &
Smykar 3 €7 826! £2 (584} 52 (56 &0 25 e 3278 242 1530)
Pipe acd Crparh 61am v 2 14 { BA) [ 11316 7489
Al 107 {20.2) B9 (16 8) 162 (30.5) 151 (28 4) 2041 531

“Nonsmoket = has smowed less than 100 cigareties w a hietime =

thxsmoker = has slopoed smoking for more than 1 year and dars AO! Now SMoke 3 Dipe of g

1Smoher = has smoked more than 100 cigarettes & Metime and has smomed within the last yexr Pro# Of C1gar smokers who also smoke Cgaretles are nchuded o this Category
§Pipe and Crgar = all those wha smoke a pipe or CIgar now Dul do not smoke ciareltes or have nol SMoked Cgarettes lor a3 yed o more

Percentages 1 the marginal; art % of totals, percentages n cells we colmn percentages
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Tabls 2. — Respratory Symptoms® by Age and Sme
Smading L] Cough Phicgm Parvtant Breathi aine.s
Cotejory 162 1e? Cough L LY
% % Phiogm
%
Nonsmoker 108 20 )% 56 83 28 11
Exsmaker 84 (15 8% n 131 60 193¢
Al smokers 292 (550%) 216 264 137 2651
« ) pack/day 61 (i15W 98 131 16 an
1 puci/day 14} 26 9%) 189 238 112 189

) pack/day ‘88 (16 6% ul 98 61 409
Pz s Cigwr a7 (3o 35 106 21 152¢
Al 531 149 192 92 . nz

Age

Catagory .

<29 107 Q0 2% 140 206 93 1258
3039 89 (16 8%) 157 157 90 191
4049 162 (30 5% 154 204 105 216
5059 151 (28 4%) 146 185 19 %5
» 60 22 (41w 136 27 91 s
* = Sixed by ehterd from Brntish Medwal R Council Resp Y 4 (]
t=1 musing
=3 missing

Figures 1-6 display the regres«ions of pulmonary function tests
for the different smoking categonies. Age and height significantly
aifected FEV and FVC values: age. but not height. was a
statistically significant predictor of tlow rates and closing volume
(CVVC). Heavy smokers (Z1 pack/dav! had markedlv reduced
ventilatory capacity compared to other smoking groups (except
for FVC where smoking did not sigmiticantly affect lung volume.
Lung function values of exsmokers decreased at a rate -
termediate between the heavy smoker and nonsmoker groups.
Pipe or cigar smokers resembled nonsmokers for FEV, FEFso, and
FEF7s, but resembled exsmokers for FEF:s.-s and closing volume
(CVAVQO). Except for CV/VC, the least reduction of ventilatory
capacity was observed in the light smoker (< 1 pack.'day' group
All smokers had similar functional reductions of CV.VC with in-
creasing age. Current smoking behavior showed a better
correlation with pulmonary function than did pack-years of
smoking. and for this reason regressions based on current smoking
categories were used in calculating predicted fung tunction values

Table 5 summarizes the prevalence of imparred lung function as
related to age and smoking. Except for FVC and CVVC
pulmonary function impairment {see Table 5 for deftnitions con-
sistently increased with age: and for all parameters consistently in-
creased with increased smoking Impairment rates for FEFz; s,
FEFsa/FVC and CVAVC were significantly hugher for smokers than
nonsmoking categories; the smaller number of pipe or cipar
smokers precluded them from achieving statistically sigmificant dit-
ferences. Age and smoking were then analvzed simultaneousiv.
Regressions of pulmonary function with age (Figs 1-6! suggested
that after about age 40. smokers of 21 pack/day clearly had lower
lung function values than the other categories of smokers. As there
was little difference in prevalence of impairment among ex-
smokers. nonsmokers and pipe or cigar smoker categories, they
were combined into a nonsmoker categoty, divided into are
groups above and below 30 years of age, and compared with
cigarette smokers Smokers and nonsmokers in the younger age
group had simiar rates of lung function impairment. Smokers over

Tatle 3. — Age and Smoking Adjusted Prevalence Rates of Respiratory Symptems by Current Job,
Symptom Rubber Plmtics Chemical ' Formet Maintenance AR
Hourly Salary Chemce!
% % LY % % LY %
Cough 1 and 2 103 209 148 87 15% 1685 156
Phisgm 1 and 2 ) 1514 261 155 84 259 223 192
Fersistent Cough |
and Phiegm 59 138 83 35 114 137 . 92
Breathiessnesst
(Grage 2, 3. &) 06" 22) 216 15 269° 194 nn
N 136 81 124 50 2 68 531
Age (years) ) 404 (128) 441 (138 419 (128) H5 189 a1 aon e 467 1102 421
(123
Height {in) 635 (211 632 (25 695 ( 22} 696 ( 296) 697 (28 94 { 28) "695
. 2%
We.ght (lhs) 1749 233 i808 (27) 1845 307 17raasm 1839 215 1861 (246 1810
(269
=1 missing
=3 missing
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Fig 1. — Prediction Equations for FYC in Total Population by Smoking.

40 years of age had significantlv increased impairment compared
to their nonsmoking counterparts. A synergistic effect of age and
smokin;, was not observed for FVC (impairment was not affected
by age or smoking) and CV/VC (both young and o!d smokers had
tates of impawrment higher than nonsmokers at any age).

To preciude confounding efiects of age. heright. and smoking in
assessing the importance of occupational exposure. mean percent
pulmonary function for each job group was calculated by dividing
individual pulmonary function values by predicted values derived
from the appropriate smoking category, and calculating the mean.
Smoking-adjusted impairment rates were drectly adjusted
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Fig 2. « Prediction Equations for FEV1 in Total Population by Smoking.

using the smoking distribution of the standard (total! population

Baseline lung function as measured by mean percent predicted
was the same in all current job groups. Table 6 summarnzes the
prevalence of imparred pulmonary tunction by current job. Former
chemical workers tended to have the highest impairment, salary
chemical workers the lowest. The other job categories generally
had imparment rates betweeh these extremes.

The effect of duration of exposure on lung function was then
analyzed. Age, height. and smoking variables were adjusted in the
manner previously described. Predictive equations were

Table 4. —— Age and Smoking Adjusted Prevalsnce Rates of Respiratory Symptoms by Exposure Categories.
Expeaure Cargory
Symptom Nicad Rubbor Pisstica Chemical Only Al
' Only Only Hourly Salary
% % L] LY % L
Cough 1 and 2 202 103 84 18 8.2 156
Phiegm 1 and 2. 210 154 128 9% 19 . 192
Persistent Cough
and Phiegm 112 64 25 20 20 92
Breathiessnesst
(Grage 2, 3 &) 27 213 121 66 19 Nz
[ 217 132 28 KO T 53)
Age lyears) 447 0] (128 416 1152 M7 (MY 3.1 90 21
o uzy
Heght (m.) 693 695 @21 0o e 638 (19} 69?1 &2n 95
26 (25
Weight (it ) 1849 1752 Qo 1804 (2591 1753 Q66! 1762 258 1810
294) @69
"= missing
=13 mnsng "
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fig 5. — Prediction Equations for FEF7s in Tota! Poputation by Smoking.

caleulated using length of work in years as the independent vari-
able, i.e., predicted pulmonary function = % predicied + %
change in pulmonary function/year spent in exposure category.
Table 7 summarizes regression for which a significant change oc-
curred. For exposure categary 1 (rubber onlv. chemical only.
plastics only), rubber workers observed a significant decrease of
<0.8%/year in FEF7s, plastics workers a decrease of -1%/vear. All
other significant changes were increases i lung funciion.
Health-rlated selective mugration of workers 1s a potental
source of bias in a cross-sectional study. In an attempt to take ac-
count of this, the effects of working in rubber and chemical, rub-
ber and plastics. chemical and plastics. rubber, chemical, and
plastics, or any one alone, were exammed by analysis of
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fig 6. — Prediction Equations for Closing Volume/Vital Capacity (CY/VC) in Total
Popuistion by Smoking. :

covariance (Table 7). By backwards elimination method. exposure
variables not staustically significant {p > 0.05) were sequentially re-
moved until onlv the most significant exposure vanables remaned
in the model. The analysis was done first on the total population
{No. 2), then on the mixed exposure group (No 3) and finally on
the combination of categories within the mixed exposure group
{Nos. 4-61. For the total population. working in chemicals was as-
sociated with increased FEV, FEF25.73 FEF25. and FEFso. The only re-
ductions in ventilatory capacity were observed in FEFss. a highly
significant reduction associated with rubber, and ncreased
CVNC, a functional decrease associated with plastics. The
analysis of the mixed exposure groups lexposure categories 3-6)
tended to support the results observed in the total population

Table 6. -~ Age and Smoking Adjusted Prevalence of Impaired Pulmonary Function® by Current Job.
Puimonary Rubber Corrent Job Former Myintenancs [ V]
Function Plagtics Chemical Chemical
Hourly Sabry

N 136 8l 124 50 2 68 51
FEV/FVC ’ 41 3% 125% 31 4% 29 % 2 0% IR L B2y
Ve 74 122 64 0 85 101 81
FEF25 79 159 137 133 144 %2 129 149
FEFS)/FVC 126 17 62 0 144 ‘19 102
FEFIS/FVC 464 424 467 136 54 4 456 475
cv v 62 121 128 38 126 70, 105
*Detintion ¢f Impaced PF mn Tabie 5
1=1 missing
22 misung
6=6 missing R
9=9 misying
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Tatls 7. — Selected Preizticn Regressions for Pulmanary Function
Related to Expasure Ace Meight and Smonng Adjusted
Exporury Pradxcted ‘ For Esch Year » Vowe
Catsgory” Puimonary = % Prodeted % Change Spent in for
Function Epowre Category % Change

1 FEY 98 4% +047% Saury Chemical Only 002
2 952 +0 1% Chemical 008
3 1008 029 Rutter . 010
1 Fve 933 +( 38 PYC Onty 004
é 983 +052 Ve [\ ]
] FEFZEDS 936 +0 86 Houtly Chemicai Only 0002
2 980 +033 Chemical [0
4 1073 404 Rublber o4
& L 1Y) «0 86 Chemical a0
1 FEF2S N0 “+089 Houtty Chemual Oniy 0003
2 980 *0¥6 Chemal 0 00%
3 %8 +0.35 Chemical 010
4 1060 085 Ruber 007
[ 948 +080 Chermeat 0o
i FEFSQ 940 +099 Hourly Chemcal Only 001
2 982 +030 Chemcat 008
1 FEFIS 1092 o Robber Oy 00} .
1 1118 40 PVC Oniy Qa7
2 1005 067 Rubber 0.0001
3 948 {97 Rubber [Jud 3
[} 1099 230 Rubiber 0004
5 9s5s A0 Rutber 004

. 2 cynNe 983 +043 PVl 004
3 976 +046 PYC ao9
5 1078 975 Chemeal 008
3 927 +116 e 005

*Exprure Category
1=Ruther Only. PYC Dnly, Cremical (W & 5) Qnly
2=1cla! Population (Rubmer, {temical, PVC)

3 =Mued Exposure (Rutter & Chemical Plastics & Chemical. Rubber & Plastics, Rubber, Chemical & Plastics)

4 =Ruber & Plasties (Nz52)
5§ =Ryshar & Chemical (N=E6]
6= Rubler, Chemical & Plastes INZED)

Work in the chemical plant was associated primarily with in-
creased flow measured over mid vital capacity. Work i plastics
was associated with functional reductions of from 04 to
1.2%/year in CVAVC. The most consistent and greatest changes
were reductions of from -0.7 to 2 3%/vear in expired flow rates at
low lung volumes (FEF»s), associated with work in rubber.

Tahle 8 summarizes the relation of pulmonary function and
cumulative exposure to vinvl chloride (see Table 8 for definition of
CES-cumulative exposure scorel. increasing exposure to VC in all
workers ever exposed to VC was not assoctated with any signit-
cant reduction in pulmonary function. The general tendency was
for pulmonary function to improve with increasing exposure. Only
reductions in FVC approached statisucal significance Divichng the
group into those with current VC exposure, and those that
worked in chemical or plastics 0 the past tiormer chermical) and
repeating, the analysis produced the same results

The relation between respiratory symptoms and baseline
pulmonary function 15 summanzed n fig 7. All respiratory symp-
toms were significantly associated with reduction in expratory
flow (TEFzss. FEF2s). Cough. phlegm, and persistent cough and
phlegm were significantly associated with reductions n FEFso,
Those with cough 2, phiegm 2 and persistent cough and phlegm
had reduced percent predicted CV/VC. Reduced FEF7s was asso-
ciated with symptoms of cough and persistent cough and phlegm.

In addition to bascime pulmonary function, 56 workers were

Journal of Occupational Medicine/Vol. 18, No. 10/0ctober 1976

tested before work and again after work. Since the workers were
also takng physical exams, actual working time averaged about 4-
hours. As there were about twice as many smokers /82%! among
chemical workers as plastics (36%) and rubber (41%) workers,
acute etfects were compared in cigarette smokers and all athers
combined (nonsmokers). Current smokers observed significant

Table B. ~= Ags, Helght and Smoking Adjusted Regressions of
Parcent Predicted 'Pulmbnlry Funciion
in Chemical snd Former Chamicel Workers (N = 196)
by Cumulative Waighted Exposure® to Vinyl Chioride.

Pulmonary Intercamt Siope b valus
Function (% predicted) (% change/CES®) of Slops
FEv 98 9% +010% 0
Ve 1008 416 013
FEFss 18 964 4084 004
{17 ‘ 9%0 +053 002
FEFs0 959 *035 019
{1211 975 o0 o1?
CVAC 1024 oM 024

“CES = cumulative exposure Score At 005 1h the chemical plant were rated for VE exprrsiee as
tgh (TWA = gpororimately 250 ppm). medwm [TWA apmorematety 75 ppm) and low {TWA
aporoxmately 25 pom} CES was calculated by muitiplying months worked tenes » relatve
exposure tatng {high = 10. medwm = 3. low = 1) for that job, amd summing over 8l jobrs

Rarge = O - 2877 exposure-months,
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creases n FVC and gk s but other g tune on pacirmeetee
decreased, sigmihica | oply tor FLFso (Tabde 90 Sokers i ol o b
groups had sedde ons gy sentdaton qapacdy the seratet o
ment ocourmmng in towa at low une vommes: The reducnons weee
ot the same arder o magmitude tor all theee exposare groups bt
were sigmificant only for viny! chlonde and rubbuer workers Evoept
for reduc tions over the shift of FEFsp and FLF 75 10 nonsmoking rub-
ber workers, ventitatnry capacity of nonsmuhers did not change

sigrificantlv from zero

Discussion
This study was stimulated by the finding of an increased incr

dence of hver angiosarcoma m vinvi chlonde (VO workers Expets
mental studies, case histones. and epdemiologie studies all
sugeest VC acts as a lung ntant. This bterature s brietly sum-
marized.

Patty, Yant and Waite* exposed gumnea pigs for 30 minutres to
10-40% VC  The principle grass  pathological  eftect was
congestion and edema of the fungs. and hvperenna of the kidnevs
and lungs. Exposure to 10% VC resulted i shight signs ot lung,
hyperemia while hemotrhages. edema. and severe damage to the
tracheal epithelum were observed at the higher concentrations in
animals dymg from the imtial esposure. Pulmonary congestinn was
present atter two weeks in sutviving anmmals Tower exposures tor
longer time peniods (30-300 ppm tor six months) resulted in no
change m lung weight 1n rats, gpuinea pigs. rabbits and dogs [xpo-
sures at concentrations greater than 100 ppm produced reversible
liver injury in the more sensitive species.” Lester, et al ® exposed
rats to 20,000 ppm 2% VO for three months, and 50,000 ppm
5% VC) for 19 days They observed increases in iver weight and
decreases 1n white blood cells, but concluded that the observed

Table 9. — Acute Effects {Mean % Change*) in Chemical, Plastics and Rubber Workers by Smoking Categories.
The hypothesis was that  PF should not difter mignificantly trom zero (H:APF=0).
The one-sided | test was used o test s:gnificance. S1axdard deviation s in parenthesis.
Currant n AFEY AV A PEF AFEFIS 18 A FEF2S A FEF0 A FEFS ACYNCE
Job % % % % % % % S
NSt 3 i53 520 297 +040 +163 4a3 2.7 +1420
2 5%) 219 8 a0 (887) (6 83) 1243 {1542) {32 9%)
Chemics! s 1 167" 033 421 1006 43 a8t 1450 +§5]
¥orken 12548 24y 18 10) 51N ugn 625 {1346) 145 19)
NS 8 +041 +109 239 193 185 453 424 12 3%
G.15) (X 3] @59 965 8 60) 678 (25 B5) 125 26
Piasties S 4 352 203° 405 453 100 1.23 2276 +1510°
(5621 {1 54) ®713 19 48 (1499) 130N (26 83) 128
NS 7 +054 +072 +382 +02% Ft: 17 .53 576 055
(4 82) @ 64) 8731 110 08) (756 11399 {2393) 295
Rubber 5 10 333 275" 570 972" 830" 8715 19.26°° +)88
“3n 302) 1173 (1168 ap 2 (15 161 (22 14y (33 40}
_us 28 +028 +073 +1.53 +035 +003 -] 44 504 . 2
“ 15 253) 910 (9 55) {762) {11 83) 23 05) (28 71)
Al H 8 2500 Qa4 472 g5 J820" R TAMAM T8 +109
Q369 274) (5 56} B47) 9an (1076 (18 43) (3733
‘p = « 005
“tp= 2 00 A

"trpe=« 0005
“tttpe < 0005
tNS = nonsmoker, exsmoker, pioR of CIgar smoker
§5 = smoker
t= A postrve sign wdicates a degedse i periomance a8 fhe after work CYAVC ramm s Larger than the belore work CY/YC ratio

= after work PF - belore work PF . mean Pf = after + before

* Meaty % change

mean PF

2

Occupational and Nonoccupational Factors on the Respiratory System of VC Workers/Gamble et al

BOR 004953




lung edema and congrstion could not he attnbuted to the irntat-
ing effects of VC. and the pocumania abserved was probabiv due
to secondary infecuon Keubler™ expoved rats mice and gainea
pigs to 5.000. 15,000 and 25.000 ppm VC tar 2-hours a day for 100
days without obcerving any hintological damage In a report of a
case of VC passing in a plant in Great Britain, a worker washig out
a polymernzation vessel with water collapsed and was given artifi-
cial respiratory. Subsequent svmptoms included chest tightness,'™
Boytsov® reports (without giving the number of species or
. animals, length or amount of exposure! that halation and intra-
tracheal administration of PV'C resmn produced g “development of
peribronchitis in the lungs” and lncal thickening of interalveniar
septa. Two studies of PVC workers in Russia and Germany con-
clude that the respiratory system was afiected.’” '? A “'consider-
able number” of 96 PVC workers in Russia had a "changed bron-
chovascular pattern and increased pulmonary ventlation  at
rest”."" Eight of thirteen German PVC workers emploved for 1.75
to 18 years showed partial pulmonarv insutficiency with signs of
predominantly restrictive changes of the lungs.'” Ths latter tinding
is in agreement with the case described by Szende. et al.’! A 37
year old male had shoveled PVC dust 0 a draity place tor 1-year
prior to being exarmined for severe dyspnea. The possibiity of
pneumoconiosss elicited by inhalation of PYC resin was suggested.
There are a number of problems with the experimental studies
of animals. Only at very high VC concentrations are etiects ob-
served. and these are anatormcal changes from gross pathology or
histology. More sensitive functional measurements at fower. more
realistic, VO exposure concentrations have not been reported.
The foreign studies are only suggestive. and do not provide
enough information to evaluate.

There 1s onlv one reported eprdemmmingic study of VC and PVC
warkers i the U 8. Cough and sputum production tor most of 1-
year or more chncal signs of emphvaema were reported in 317 ot
the 148 currently and previously emploved VC and PVC worhess
Smokers and nonsmokers over 40 years ot ace had simular rates ot
flow imparrment. In the age group under 40 however, smokers had
about twice the prevalence of tlow impairment as nonsmokers
The higher prevalence of flow mparment i smokers ¢ ompared
o nonsmokers converged shghtly with increasing duration of
exposure. nonsmokers and smokers with more than 20 vears
expnsure had the same prevalence ot tow mparment The
authors conclude that the etiologic agents producing the reduced
air flow in warkers over 40 vears of age or with » 20 vears expn-
sure is unclear but 15 not due to smoking. £xposure was to VC
maramer. PVC rosin dust, and poliution i a heavily industnatized
aty. .
The effect of smoking on respiratory symptoms has become
comman knowledge following the report of the Surgeon General
on the Health Consequences of Smoking 1964 and it sub-
sequent supplements 7 The results of this studv confirm these re-
ports, with the possibie exception that hght s™okers
{ <1pack.day) in this study resembled exsmokers morc than
heavier smokers ( 21 pack davl. Pipe or cigar smokers have been
less studied. although it has been suggested that pipe smokers are
to be distinguished from cigar smokers '* Because of small num-
bers this has not alwavs been done. and in this studv these
smokers were combined. They generallv resembled light smokers
and exsmokers m both svmptoms and lung funcuon.

The effects of smoking on symptoms have generatlv shown
cough and phlegm to be higher m smokers. with prevalence relat-

Tabls 10. — Comparison of Respiratory Symptom Prsvalence.

Populstion N Cough Phiegm Pervistent Bresthisninens
% % Cough L Phiegm %
%

This Study (A1) 831 149 182 9.2 azr
Nonsmokers 108 56 83 28 nir
Smokers 292 NE 64 137 268

Siming Cemmunity
Wesl Yirgna?

Nonsmokers 162 154 m 140 S0t

Smokers 513 a2 462 ki 3] 10r
Rardom Sampie. Maies

Berin. N H& .

Nonsmohers 15 107 165 73 181

Smohers 172 401 162 17o 1807
Stratithed Sampie,

Indusirial town

England®

Nonsmokers 96 ' — — 80 51

Smokers 553 - —_ 34 1]

White, mzaie nonsmoksrs
564"

Marytand L7 [1] [ R 1% 2261

NYC Postmen® - =
Nansmokers 903 0 131 40 2161
Smokers 687 210 28% 190 10

RYC Transit Worsers®
Nosemohers 112 (1) L L] 2% 1243
Smomers s 235 237 152 233

“Grade 2, 3. 4 treatniessness
1Grade 3 and & breathirssmesy
$Ca00 2 andd 3 breathiessresy
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ed to the amount of smohing, a re’  whip supported by this
study. Breathlessness, while penerally awher mosmokers, i otten
not related to the amount of smoking This 1s hypotheszed as due
to sclective reduction of smoking i thase develoming symptoms
of breathlessness, a more severe and disabling conditinn than
“smokers cough™.'* Although movement ot less fit heavy smokers
into lighter smoking or nonsmoking categonies seems a plausible
explanation, selection docs not appear to be a strong factor in this
population as there was a high prevalence of breathlessness cn the
heavy smoker category.

A trend for breathlessness to increase with increasing age is
comemonly observed,™ and was apparent ¢ this study. The associ-
ation of cough and phlegm with increasing age has not been as
consistent. Some studics report an increase with age;' *° others
(including this study) find Intle tendency for cough and phlegm to
increase with age.™ 2

Two studies in West Virginia have observed an association be-
tween educational level and prevalence of respiratory symptoms
and venulatory lung function capacitv, with the lower prevalence
of symptoms partly attributed to fower smokers in the higher
educational categories 12 ' Stebbings?™ in 469 white male non-
smokers found no effect of socnal class (based on occupation,
education, and income) on maost respiratory symptoms; only
dyspnea was significantly less common in the upper social class.
Lower pulmonary function was also associated wath lower socio-
economic status in these nonsmoking males.?” Salaried chemical
workers in this study resemble the upper social class in that they
smoke less than hourly workers, and are probablv more educated.
Exposure to VC and PVC resin 15 generally less than that of the
hourly workers, 1t is not known from this studv whether social
class, exposure, smoking, of some combination of these factors
can explain the lower symptom rates of salaried chemical workers
when compared to hourly workers. The same argument apples to
the shghtly better pulmonary function of salared chemical
workers compared to hourly workers. Among hourly workers. no
consistent or convincing differences m respiratory symptoms or
function were observed.

When workers were divided into exposure categories of work-
ing only in plastics or chemicals, the respiratory symptom rate was
reduced considerablv. Workers with mare job mability were less
healthy in the sense that thev reported more symptoms. This
could be due t a greater susceptibility. to having a more unfavor-
able job experience in terms of exposure. to seif-propelled move-
ment to less symptom producing jobs, or some combination of
these factors. Although the reasans are unknown. the fact remains
that the less mobile “pure” exposure groups had lower symptom
rates than control rubber workers, maintenance. and the mixed
exposure workers.

Are the symptom rates observed in this population comparable
to those in other populations? Table 10 compares the prevalence
of respiratory symptoms in this study with other studies. There 1s
considerabie variation between reported svmptoms in the various
populations. The workers « this study compare favorably except
for perhaps breathlessness

The effects of age and smoking on pulmonary function ob-
served in this populaton are comparable to other reported
studies. There were no significant staustical differences n the in-
tercepts of the smoking regression equations. Heavier smokers n
this cross-sectional analysis had siweniicantiv greater reductions of
FEV, FEF 2375, FEFso. and FEF»s with increasing age. Two points are
of interest with regard 1o the effect of smoking Before the age of
40, smoking had no apparent effect on pulmonary function.

Socondlv. light smok — vere obviausly less affected than mader-

ate and heavy smokers. in the analyss of smioking one should ey
amme this dose response relanon, and not arburardy lurip to-
gother all smokers.

Carcful Lonskleration of possible smoking-exposure interac bons
is alsn required For example, in a group of workers exposed to
asbestos dust. smokers reported worse kung function than non-
smokers when a single repression was used for hoght and age ard-
justment.* The inference was that smoking increased the ettect ot
dust exposure. Using only a single regression equation tor <tan-
dardization 1s risicading however, as smokers pulmonary tund bon
decreases more rapidly than exsmokers and nonsmokers Rossiter
and Weil*s point out that an apparent syncrism between dust
and age may instead be a smoking-age interaction When separate
regression equations were used for standardizatinn, e, one cach
for nonsmokers. exsmokers, and smokers, they Observed no dit-
ference In putmonarv function related to dust exposure in fact,
the ashestos dust exposure had a more detrimental cttect on nan-
smokers than smokers. We know there was a smoking-age inter-
action in this study. Since we are prmanly nterested in the eftect
of VC exposure on pulmonary function. age and smoking ad-
justments were made using the regression equations of the various
smoking categones (Figs 1.6). As there was no ditference n
pulmonary function between current job categories, and no non-
exposed group of workers was avarlable. the regression equations
used for standardization were denved from the smoking cate-
gones of the total population.

After standardization, increasing duration of exposure in chemi-
cals, plastics. and rubber was not associated with large changes in
pulmonary function. Reductions in FEF=5, the mast sensitive mea-
sure of small arways obstruction. was consistently and sigmificant-
ly associated with working in rubber; less significant reductions in
FEF>s were associated with hourly chermical and plastics workers,
and FVC in hourly chemical workers. Other pulmonary funciion
parameters generally remained the same or improved with in-
creasing duranion n chemucals or plastics. and with increasing
cumulative VC exposure. The reported case of pneumocamasis
on exposure to PVC resin'! is suggestive that high exposure to
PVC resin may result in a restrictive type of respiratory disease,
Baggers in the chemical plant are exposed to from 1-5 mg.m* of
particulate (measured bv area Hi-volume samplers); respiratorv
particulate is 1/10 10 1/20 these levels. Exposure to the PVC resin
in plastics appears higher for Banbury operators but lower tor
workers in milling, and neghgible for other plastics workers. The
low prevalence of FVC impairment in both chermical and plastics
workers does not support the hypothesis of PVC resin exposure
producing volume restriction,

What difference s there between the warkers n this study and
those reported on by Miller, et al? Pulmonary function impairment
tor FEVEVC, FVC. and FEFs/FVC 1n this study employed the same
definition as Miller, et al.'* in their study nf VC-PVC wurkers The
prevalence of impairment for FEF25.75, using the same criteria, was
essentially zero, and thus far below the 53% they observed. The
cutoffs for impaired flow as measured by FEFsa/FVC and FEF-s/FVC
have been shown to be reasonably effeetive in distnguishing nor-
mal subjects from those with obstructive lung discase.' The high-
est prevalence aimast 50%) of impairment was for FIF<FVC and
supports the observed association of reduced FEF~s with increas-
ng duration ot work. All VC-PVYC nonsmokers less than 40 years
of age, and alt workers in this study less than 40 years of age, had
about a 20% prevalence of imparment for FEVFVC and
FEFro/FVC. The prevalence of imparment increased for non-
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srnokers over 40 in both populations but mase ~o 0 the Miller
study. The rates of flow mparment in both studhes are the same
for smokers over 30 In bath studies the prevalence et impared
FVC (£ 10%) s considerably lower for How imparment (18-75%!
and much lower than expected from exposure to ashestos '

The assaciation of increased pulmonary funclion pertormance
with increasing exposure and work duration, particularly in chems-
cals, supgests that selection 15 occurnng in this population. The
reason for the lack of association between VC exposure and
respiratory effects may be due to differenual migration of more
susceptible workers aut of chemicals. Note that the mixed expo-
sure group reported a tugher symptom rate than chemical and rub-
ber workers who had never moved. The current plastics worker
had symptom rates comparable to or higher than this mixed expo-
sure group, suggesting that net mugration of “susceptibles” may
have been into plastics. The association ot small arwavs ob-
struction with exposure mav be more informative than symptoms
because (1) small airways may be more sensiive to the effects of
environmental agents; and (2) small arways obstruction is
probably not notced by the individual to the same extent as
symptoms and FEV reductinns, and would therefore not be af-
fected as much by selective migration.

Several conclusions emerge concerning factors that affect base-
line pulmonary function in this pnpulation: (1) age and smoking
were the two most important factors reducing pulmonary func-
tion; smoking was assoctated with obstruction only no sigmficant
effect on FV(). (2).small anways function as measured by FEFzs
was affected by both smoking and work exposure, primarily rub-
ber worker exposure. (3) work. whether measured by duration or
estimated curmulative exposure to VC and after adjustment for
smoking effects, was not associated with reduced baseline
pulmonary function lexcept for FEFrs). {(4) aithough prevalence
rates of imparment are not often reported, the ar flow im-
parment (FEV/IVC, FEF-s), rates appeared elevated only in the
older smoker. .

Respiratory symptoms and measurement of pulmonary function
are twao somewhat independent and yet averlapping methods for
investigating the nsk ot environmental exposures to the respira-
tory system. Syraptomatology suffers from the disadvantage of be-
ing subjective. can show interobserver vanation. and requires
adequate recall on the part ot the person being interviewed:
symptamatology 15 useful wn diagnosis, partcularly chronic bron-
chitis. Independent vahdation of svmptoms in practice turns out
to be pulmonary function measures, despite the fact that difierent.
albeit overiapping. parameters are beng measured. The observed
association of reduced pulmonary function with increasing
severity of symptoms increased the validity of respiratory symp-
tom mformation. The conclusion that VC exposure did not consts-
tute a significant respratory hazard m this population was
strengthened by similar results for both symptoms and pulmanary
function.

While one methodologre strength of this present study s the
ability to make internal comparsans between wark groups, it
must be stressed that none of the groups can he regarded as hav-
ing worked i hazard-free conditions Both rubber and plastics
warkers are exposed tea vaned levels of dust and fume. and it
could be that reduction an lung function among chemicals workers
twhether due to vinyl chionde exposure. ar 1o snme other agent)
are being obscured because of similar reducthions in the other job
groups. The results of FEF-FVC impasment (pertaming to that
part of the resprratory tract thaught to be first aftected by harmiul
exposute — the small broncholes) suggest increased abnormality
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rates in all warkers adeed. for several of the pulmnnary function
tests the chonucal workers had better resuits than rubber and
plastics workers. To assess the ptentidl resprratory hazare! of cach
exposure category, before-and-after shift tests were carted out on
some workers. Any reduction s respratory func tinn over the shitt
suggests the ikehhood of some harmiul exposure i the working
environment.

Smokers overall had statsucally significant reductuons for all
ventilatary tests. nonsmokers showed hittle reduction The most
obvious teductinns were flow rates at low lung volumes. 1 ¢ mea-
sures of small airways performance. Chemical workers who were
smaokers had sigmsficant reductions for five of the seven tests. pre-
dommantly reflecting small airwavs obstructive chanpe: both
plastics and rubber workers who smoked showed reductions of
simar magnitude No clear picture emerges suggesting onc job
group faced greater dailly respiratoty insult than the others Re-
duction in small airways performance among nonsmokers in each
job group suggests that all workers were exposed to agents with
adverse respwratory effects. In a clean environment the average re-
sult for these nonsmokers would have been a shght increase i test
performance. Whether these acute reversible changes have anv
permanent effect is not known. The significance of these findings
15 unclear. The small arways obstruction associated with work in
the rubber diwision, 1e . the control group. could be related 10 a
number of environmental agents. The complexity of the industry
and the heterogenenty of the control group does not allow for
deterrmining the etiologic agents. The rubber worker group was
selected on the basis ot lower paruiculate exposure and never hav-
ng worked in chemical or plastics. But they could have and
probably did. work in other jobs with higher exposures within the
rubber division. A complete work history for each rubber warker
would be required to investigate further the association of re-
duced small arways function with work n rubber.

Fundamental and mare difficult questons remain, What s the
biological significance of acute reversible reductions in small arr-
wavs function over a shift? What 1s the biological significance of
statistically sigmificant reductions in baseline pulmonary function
over a longer time perod? For FEF7s. the reduction 1s on the order
of -1%/year. Over a 40 vear period, this would amount to a 40
decrease. However. some individuals have a reversible change of
40% n the course of a day. The assaciation of waorking in rubber
with a downward slope of the percent predicted FEF s 1s a finding
that requires further investigation of warkers in other areas of the
rubber plant. an investigation currently underway.,

The authors thank Mike Svmons for advise on statestical matters NIOSH industrial
hvgwnists tor asserance in denving the VO expresure source Marv Jane Thomas bor
manuscnpt preparation, and umnon and ¢ompany offials tor thew dswstance in the
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Correction

In UV Keratoconjunctvitis Vs, Estabhshed Dose Effect Relationships,” JOM, Aug 1976, p. 573, the term
“Amp" was erronecusly used with reference to emission charactenstics of lamp Wharever “Amp” appears. 1t

was intended to read “Angstrom Unis.”
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