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SELECTED ECQNOMIC CONSIDERATIONS

Production Levels

During 1973, VC production was at the 5.3 'biihon“bﬁaﬁ’na. level

with  PVC and its copolymers at the 4.6 billion pound :level.: PVCZ;"'}« i
has become a very important polymer as.evidenced by - the, broad -

dependence of nearly -every branch of industrial .and  commercial:
activity upon products apd components fabricated from: this plastic. -

"In Table 1, maJor PVC products manufactured durmg 1973 are 1den-'.'. L

tlfled

The. U S. VC/ PVC industry. has been operatmg for more than"_:-f-"'-'f"'

' forty years, .and over the past five years has shown an average'annual
growth rate of 14 percent -- a rate of growth that had been e\:pected' i

to taper off only moderatelv in the next few years.

The size of this industry can be appreciated by considering that
the synthesis of the monomer is conducted in fifteenU. S. plants, and
forty-three facilities are engaged in polymerization of PVC (including
its use as a copolymer) with almost all of these plants currently
operzating at or near capacity. At least 7,500 plants are engaged in
fabricating preducts from PVC. About 1,500 workers are employed
in monomer synthesis and an dddltlonal 5,000 in polymerization
operations. Estimates have snggeoted that up to 350, 000 workers
may be associated with the fabrication plants.

The wholesale value of the annual output of fabricated products :
based on PVC is at least several billion dollars.

Competitive Substitution

Should requirements for worker safety or env1ronmenta1 controls. T

drive the price of PVC resin upward, it seems likely that some PVC' "
products would be displaced by products using other plastics or other

materials, Other products dependent on PVC might disappear alto--:'"
gether from the marketplace. Probably one-fourth to one-third of .-
current PVC products by value are marginally competitive with other.. / -~
plastic products. At significantly higher prices a lesser number .. "~

probably would find substitutes in other materials at higher costs.
Identified in Table 2 are a few of the substitute materials that might
be considered. For some uses, there are no dppareni substitutes.-
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Market Category ’

I

Appaz"el .

11,

111

Iv.

VI.

VIII.

Building and’

" Electrical

* Home

Packaging

Recreation
Transportation

Miscellaneous

+..” Construction

eiiat

“MAJOR PVC PRO

-'Baby pants .

Products

DUCTS

lawr

~Footwear
Outerwear

Extruded foam moldmgs ~ T o
Floormg

Lighting . '
. Panels.and mdmg
‘Plpe and conduit ~

. Pipe fittings

‘Rainwater’ systems, sofflts,
T o-facias w0 e
SW:_mmmg pool hners e
-~ Weatherstiripping - et

Wmdows

Wire and cable

Appliances

Furniture

Garden hose -

Housewares

Wall coverings and wocd
surfacing films

Blow molded bottles
Closure liners and gackets
Coatmgs

Film

Sheet

Phonograph fecor;_l__s_

Sporting goods
Toys

Auto mats
Auto tops

Upholstery and seat covers

Agr:.c alture {incl. p:pe)
Credit cards
Laminzates

Medical tubing
Novelties ‘
Staticnery supplies
Tools and hardware
Gther

Total

1973
-1000 metric tons

66

2158
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PVC PRODUCT

Pipe & Tubing

Flooring

Electrical Insulation . o

Records

Film & Sheet Products

Coatings

Household Goods

Packaging

SUB STIi‘U

Table 2 - ' "
TE MATERIALS FOR PVC PRODUCLS

SUBSTITUTES "

SAME

Polyethylene B
Polypropylene - '

' Metals
., ABS resins

... Asphalt
“Wood - v .
.. ABS resins.

Polyethylene
Polypropylene
EPDM rubbers
SBR rubbers
TFE plastics

ABS resins

Acrylics -
Polyvinylidene chloride
Polyethylene
Polypropylene
Cellulosics

Acrylics
Polyurethanes
Cellulosics

Styrene
Polyethylene
Polypropylene
Wood

Metals
Acrylics

Polyethylene
Polypropylene
Polyvinylidene chloride
Cellulosics

Acrylics

"Polyurethanes

Glass

P4 P

MM

b 4

X
X
X
X
X

"

b4 b b VIVIVIRY

PPN
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Internattonal .Aspects
L3N ,
U. S. based manufacturers currently produce about one- tfmrq of the
western world's supply of resins, with the U. S. market also covsumlng
about one-third of the total. In 1973 3.7 percent of PVC and 7.8 percent
of VC manufactured in the United States were -exported.’ Prmr' to “the- -
recent U. S. concern over worker and environmental controls at VC.and -
PVC facilities, .there was. no reason to anticipate a major- .change in‘thé~
U. S. share of production or market durmg the next few years. -Recent :-.
. .increases.in demand for PVC resins- -~ and concurrently for™VC == at™
~ attractive prices have been of worldwlde dunensmns with: -expansion plans
for PVC manufacturmg bemp' cons1dered by a number of compames at
home and abroad. S, Ll e e T

There is presently an import duty on. PVC wresin from countrles w1th
status as. Most Favored Nations of11/4 cents'per pound plus six percent "
.ad valorem and from other -nations of four cents. per’'pound- plus30 per-is.
~ cent ad’ valorem. :.Given the. current-U. S.” market price of 18 to 24 cents i’
* per pound for. the general purpose uncompounded resin, there- 1ms been’
. little incentive to import PVC resin.. Also, -there currently is little
export incentive because of short U. S. supply and unattractive forelgn
‘prices.. However, higher prices as a result of more stiringent worker
or environmental contreols in PVC resin plants in the United States than
.abroad might well stimulate significantly increased imports.

Control Te éhnology ' !

While there appear to be a number of general approaches for red acmg
the discharge of VC into the environment at VC and PVC resin plan
and theadis chqrce of PVC atresin vlants, in many respects the apD"Oa(.heS
miust be tallored to the individual plants. .All VC plants and seme PVC
resin plants are outdoors while other PVC plants are at least partially
enclosed. A variety of production processes are used, and different
kinds' of technolegy are employed. However, there are some common .
measures that would reduce VC emissions. :

FOR VC PLANTS:. _ ' , ) v
. 1. Redncingthe escape intothe atmosphere of VC when venting the tank
car gauge tube, disconnecting the feeding line, and closing ihe
valves during rail tank car loading. IMechanical disconnect de-
vices and double block snd bhiced piping are available -to ease this |
problem. . : ) .
2. Improvin_g the quality of pumps to reduce the possibility of leakage
cue to failure of seals. TFomps are availeble today which couid
minimize this probiem,

3. Vv enting unintenticnal leaks and spills info a system which is flared
and, preferably, o»r'duued

SCC |
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FOR PVC RESN PLANTS . o

1. Collection and destruction ofpurgé gases from the reactmn kettles
: pmor to opemng for c:lea.mnur saxnphng, or rechargmg

2. Centralized collectlon and flltermg of VC vaporrdlschargebh from
dryers and centr:l_fuges. A : el s

Wn.th regard to PVC partlculate in air. and water dlscharges, 1mproved

. ~_housekeeping and” relatively simple ventzla’uon flltermg systems are usu- K

e : ~a11y techmca.lly feasﬂ:)le and effectlve.

. Laboratory data have shovm that VC can be adsorbed on actlvated
carbon. Concentrated VC vapor streams have produced a’ recovery work="-U

o » ing. capac:Lty oncarbonequivalent to about.ten percent of the carbon.weight...
o3 ' Ambient air contaminated with low levels-of VC produtes s:.gmﬁcantly

possible but may not be practical using-activated carbon. Carbon regene-
ration using steam or pressure swing appears possuble mth re"overy
of desorbed VC for recycle.

Clearly, these approaches will not eliminate losses but should mate-
rially reduce them. In the longer run, the development of continuous
flow processes, the use of larger kettles, better housekeeping, and/or
reductions in the number of feced lines might result in more dramatic
reductions of VC leakage.

REFERENCES

- 1. Modern Plastics, Jan 1974, p. 43

2. The 1972 Census of Manufacturers shows 7,574’ plants manufacturmg
miscellaneous plastics products (SIC 3079), a substantial number of

which use PVC. §SIC 3079 probably covers most, but not all, PVC
fabricators. '

3. Discussions with representatives of the Department of Commerce, -
Manufacturing Chemists Association, and Society of Plastics Industry.
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- APPF‘NDIX u'

PRODUCERS or VINY L CHLOR.IDE ALD POLYVI\I'YL CHLORILE

The.major producers of VC PVC, and PVC c0p01ymerb are hsted in thlS
_section w1th the plant locatlon and avaﬂable capaczty data.

. Annual Capamty
L (lehons of - Pouncts)

Allied Chéniicai Corporation . ... " BatonRoﬁge, La; | b k
o Amerlcan Chenncal Corporatmn -_"-Long Beach Cailf o
oA _ Contmental 011 Company o :-WWestlal:e, La. '
! Dow Chemical, U.S.A. ' Freeport, "Tex. - 200
: Oyster Creek, Tex. 700
Plagquemine, La. 390
Ethyl Corporation . Baton Rouge, La. . 360
' Pasadena, Tex. ‘ 150
’ B.X, Goodrich Chemical Company Calvert City, Ky. 1030
Monochem, Inc. - - Geismar, La. _. 300
PPG Industries, Inc. Lo Lake Charles, La. - 400
i ) - ‘Gu_ayanilla, P.R. .- 500
- Shell _Cheﬁicd Coinpany Deer Park, Tex. 840 -
s . - : . Norco, Tex. o, © 700
Tenneco, Inc. .. Houston, Tex, . : -4 225
PVC Producers .

: Air Products and Chemicé.ls, Inc. ‘Calvert City, Ky. 150
‘ Lo : Pensacola, Fla. . 50
American Themical Corporation Long Beach, Calif. 150
"Borden, Inc. . - . - Iliopolis, Il. _ 140
: L.eominster, NMass. 120
Continental Oil Company . Aberdeen, Miss. 285
- Oklahera City, Okla. 240



Diamond Shamrock Ché“ﬁ’xit::al v-Company'

Ethyl Corporation

The Firestone Tire & Rubber Company -

. The General Tire &.Rubber.Cozﬁpé.ny

-

. B.F. G¢°dri¢hl-Chemical Cé:}}bany L

~

The Goodyear- Tii"e' & Rubﬁ‘ef Cornpéix_ly

- Great American Chemical Corporation

Hooker Chemical Corporation
Keysor-Century Corporation

Monsanto Company

National Starch & Chemical Corporation

" Olin Corporation

The Pantasote Co. of New York, Inc.

Robintech, Inc.
Stauffer Chemical Company

Tenneco Chemicals, Inc.
Union Carbide Corporation

Uniroyal, Inc.

3 Ashtabuld, Oth
.,Pleasants County, ,.'

'Deer Park, . Tex. )
Delaware Clty Del

Baton Rouge, La

Perryvﬂ.le, Md

_Pottstown, Pa._-»,-, _

. Avon Lake;- Ohm x
" Henry, 0l. -

L.ong Beach, Cahf

Louisville, Ky. -

"Nlagara Falls. N Y

Plaguemine, La.
Fiichburg, Mass.

Burlington, N.J.
Hicksville, N.Y.

Saugus, Calif.
Delaware City, Del.

Springfield, Mass.
Meredosia, I1il.
Assonet, Mass.

Passiac, N.J.

Pedrickiown, N.J. it

'4 5:\:-‘ 100 »".'_7 . -A.:

. 150

Poin’; Pleasant,_ W.Va. _

Painesville, Ohio
Delaware City, Del.

Burlington, N.J.
Flemington, N.J.

60

. 250. .

South Charleston, W.Va.

Texas City, Tex.

Painesville, Ohio

SCcC
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70 .

169
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3 PVC Copolymer

ComEany' '
'A. Polyviny!
A.ll‘ Products and {

B Polyvmyl C:

.A1r Products and c

) A:memcan Chemlcn

Atlantlc Tubmg &1

.Borden, Inc.

_,The Firestone Tire

B.I_{’T Goodrich Chev

HO(ljkAer Chemical U
Keysor—Century C.
National Starch anu
Olin Corporation

The Pantasote Con

C. Polyvinyl Ci

BASEF Wyandotte C:

Bo rglen. Inc.

yany
Sourporation

7 York, Inc,

_7lidene Chloride Copc

8

N'B J_nbmdge,
‘}po*npton, Calif.
‘-‘Dc'nopohs, A.a
-"T.h opohs, ]11

A

1\-1" SS

f;-a 1.6‘.115\'1116, I\.} )
ksville, N. ¥, & -

zgus, Calif,

Aass.

N.J.
, W.Va,

Compton. Calif,
= Demopelis, Ala.
‘NYopolis, Il. -
I_=ominster, Mass.
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Dow Chemical, U. S A

Ciwr

B.F. Goodrlch Chemlcal Company

'W R. Grace & Company L LT "

MortOn-Norchh Products, Inc.

National Starch and Chemlcal Corporanon ‘

“SCM Corporatlon o _

Ten.neco, Inc.

..

-Union Carbide C.orpora:tion

REFERENCES

1. 1974 Directory of Chemical Producers, USA;-

Mldland l\hch

Loulsvﬂle, Ky -

Owensboro Ky _
South Acton, Mass'

ngwood D.l

Meredosm, ]11_

Huron Ohlo

.

Burlmgton, N J.
Flenungton "'"N J.

“Institite and South
Charleston, W.Va..
Texas City, Texas"

Chemical Information Ser-.

vices, Stanford Research Institute, Menlo Park, California, 4.974

2. Chemical Marketing Reporter, May 20, 1974,
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THE MATI)RI}[LS BALANCE AT VINVL CHLORIDE AND
POLYVINYL CHLORIDE FACILITIES

4

Vinyl Chlorxde Productlon Facilities

Detaﬂed rehable data for est;matmg maierlal losses at VC faclhtles

with precision ‘are not readily available.- Therefore, only generahzed
estunates have been attempted - -

A snnphfled block dlagram for productlon of VC from ethylene and_”“"
chlorine is shown in Figurel.. Some VC ‘complexes utilize oxychlorination
units; others produce ethyl ch101 ide from the by-product hydrogen chloride:
(HC1) and ethylene.  However, the production of dichloroethane (EDC)
allows for many approaches to recychng of light and heavy materials such™

that the losses of VC are reduced. -—Even vent streams of inerts can be
_scrubbed with. EDC for maximum removal of VC before venting. Light

“ends such as methane are usually ﬂared and VC is converted to water"f‘
and small amounts of HC1l. :

VC losses have come primarily from vent streams, the storage and
transpdrtationloading systems, and seepages from pumps. Ifvent sireams
are not scrubbed or flared, the amount of VC reaching the attnosphere
increases considerably. This in turn is influenced by the purity of the
ethylene and the chlorine being fed into the units. TUsually, these inerts -
come out in the EDC unit but may be carried on dgpending upon the pro-
ducer'sphilosophy regarding the purity of the EDC tobe fed tothe cracker.
Experience has been that the higher the purity of EDC both with regard
to light and heavy malerial, the greater the efficiency of the cracking.

"It is frequently difficult to pinpoint the areas and quantities of vC
losses. However, some generalizations can be made for, as an example,
a plant producing 500 million pounds per vear of VC. (The industry
is heading toward plants of this size and larger.) Tank car loading
losses may be several hundred pounds per day. Vent siream losses
could reach another 100 pounds per day while losses of VC entrapped
- in the water effluent might be a few pounds per day. In addition to these
very small operating losses, there are undoubtedly unintentional losses
from leaking pumps,., flanges, and containment vessels, with total plant
" losses probably less than 0.1% or less than 500,000 pounds per year.

From an envircnmental standpoint, the disposal of the heavy chlori-
nated hydrocarbons may also presenta problem. Some are sold to solvent
scrap dealers for salvage. In the past much of the material has been
dumped at sea or put into landfills or deep wells. More recently, incin-
eration has been used, which is known to produce HCl emissions.

. scc
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- method of PVC. shlpment ‘and emergency . situations, “Estimates of 1osses

Polyvinyl Chloride Polymerizatioﬁ Facilities ' - o R

Reasonably rehable data are avallable fgx" estlmatmg material losses

. at PVC facilities. . " However, generalizations - apphcable to the entire.
‘industry must be surrounded with many caveats. It must be emphas:.zed -

that there are a: number of PVC: processes ’ ﬂand each. plant has 1ts own

-

ldlo syncras 1es

. VC losses wﬂl ﬂuctuate dependmg on the care exerc1sed in operatmg
the PVC plant, types of products produced,: frequency of product change,:

‘have varied widely in the mdustry, indicating the complexity of establish=.

ing precise. IOSSes for a given famhty and overall losses on a natlonw1de
basis. :

bEs o RN

In general older PVC plants are smaller than those bemg bu:.lt todav
and are equipped with smaller sized reactors... With small reactors, .the ", .7
number of batches required to produce a given amount of PVC is greater, S s
. and thus the number of process steps are increased with a greater poten-.
. tial forloss of both VCand PVC. Further, a small plant has the disadvan-

tage of having to make frequent resin changes t0 meet customer demands.
During these changeovers a certain amount of off-grade resin is produced.

In addition, older plants have the added burdep of higher maintenance
than new plants, but this tends to stabilize after a few years. The handl-
ing of VCand the production of the high quality resins which are demanded
by the marketplace reguire a2 reasonable maintenance program. Mainte-
nance consists primarily of the care of agitator seals, pump seals, and
valves and the removal of polymer which slowly builds up in VC lines --
- primarily in the recovery system. Although many clder facilities have
. been in operation for years, they are usually not the same as when first
installed. Some of the operators have continually updated the plants for
many reasons including labor savings systems, new product require-

ments, replacement of wornout equipment, addltlon of new product lmes,
and safety

When VC was cheap and there was little concern about its t0x1c1ty,
the emphasis was almost exclusively on productivity. Often this resulted
in high losses of VC to the environment as recovery cycles were reduced.
Today, the picture is changing. Not only are the producers trying to
reduce the direct VC losses, but they are also trying to minimize PVC
losses by scheduling longer production runs between product changes.
As an example, the newer large plants are setup with multiple production
lines. This allows the dedication of one line to a given product which-
results in very low resin loss due to product change.

scc
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-unless some espec1a11y esoteric resin 1s being produced along ‘with large
..amounts-of scrap or. off-grade resin. - For :the older plants,: the losses®

The trad1t10na1 ethod of stating y1e1d of VC in PVC plants has
been based upon pounds of prime resin in the bag as compared. to V(C
invoiced. This -often has led to a rnlsunderst'mdmw about VC.losscs
with the interpretation that a 94% yicld means 6% VC loss to thé envi-
romment. In fact some VC may never ac?tually be received because of - -
the 1nab111ty to measure ‘the weight of tank cars accurately, some of the °:

losses are in - the form of 'DVC scrap, and some losses escape as PVC' i

- '\ . M

. A properly run and rnamtamed suSpensmn plant usmg te(_hnology that
is ten years old should be capable of obtaining a ' 25% .or. ‘higher yield =

will probably be 51gn1f1cant1y higher.. Other than overall sloppy operatmn
the recovery system isthe single most :.mportant partof the plant govern—
ing VC losses. If insufficient time is allowéd or vacuum is not ‘applied,
then the VC content-in the PVC/water slurry.will be greater thai neces-.
sary. As a result, VC losses will occur in the centrifuge ‘effluent water

drier/ productcollectorventair, the > venting of the reactor, and tl*e slurry -
tank.

The magnitude of VC and PVC losses in a typical PVC plant is
described in Figure 2. These losses are expressed as a range »f losses
depending on the feed rate, reactor size, reactor cleaning pre:edures,

batch sizes, level of technology, and general housekeeping and operating
procedures.

The following comments on mamufacturing practices may help put
these losses into perspective:

1. vC Feed - This is shipped as virtually 100% VC and does not
normally contain an inhibitor.

2. VC Unloading ~ Considering normal losses in disconnecting the
piping, sampling, tank gauging, pump and compressor seals to the tank
cars, losses to the atmosphere should not be greater -than 100 pounds
per car.

3. VCCharging - A 0.05% loss between storage and polymemzatmn

should cover losses from flanges and seals. thrcughout all VC handling
equipment.

4, Polymerization - The loss from build-up of PVC on the walls of
the reactor is split between reactor wash-out and the slurry strainer.

5. Reactor Venting - Before the reactor can be cleaned, residual YC
is vented. After recovery and emptying the PVC resin, the reactor is
full of a mixture of air, moisture, and VC at ambient conditions.

SCC
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6. Recoverv - Processmg schemes will vary,- but one of the most
widely used is the direct recovery of unreacted VC from the reactor.

While the reaction can be carried out further, economically it is essen- " - -

tially complete at 90% conversion or even less depending on the type of
resin.

sors which evacuate VC from the reactor. ' The recovered VC is con—

‘densed and distilled before recych_ng to the’ reactor.

7. Dr%.E' g - Unreacted VC is- collected in- the recovery system but B
there aTe losses of polymer in the drier due: to.coalescence of the resm 7

-and permdlc clean out. ThlS is almost ent1re1y scrap
.of resin is less than one pound per hour, but there are, 1osses due.. to~‘

Product CoDector Most plants use bag collectors Lo} that the loss

product cha.nges whlch raise the total.

9.
This material consists of scrap and off-grade resin.

PVC shortage much of this off-grade resin is used as prime resin by
special customers.

10, .Miscellaneous - In addition to the above losses, others occur as
scrap or off-grade polymer and as quality control samples.

a, Bad Batches - Most plants e}.perlence batches wh1ch are off
Specification. These range from ''just slightly off" to solid
batches, with losses at 2 to 3 batches per month or about 0.4%
or 40 pounds ber hour average. . Salvage value depends upon
the degree of "off-grade' and “market conditions.

b. . Sam;;les - Probably about 0.05% or 5 pounds per hour and is
usually destroyed in testing.

Polymer Build-up - VC slowly polymerizes in the pipe lines,
particularly the recovery system, and must be removed peri-
odically. No gquantitative value is -available for this loss,

d. Spillage - Some of the product is shipped in bulk and some

is bagged. While some spiliage occurs in bulk handling, more °
occurs in bag filling and in bag breakage.

e. Centrifuge Effluent ~ Some PVC enters the effluent water.

11. Product Change-Over - As indicated previously there are losses in
the drier and collector due to cleaning for changes from one product to
another. In addition one must segregate the first product. that comes
through this system. - The amount can vary widely depending upon the

number of changes and the sensitivity of the product to contamination{rom
the previous product.

SCcc-
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At this point the residual VC is recovered by means of compres-: AN

Screemng - Oversme resin is. removed from the final product e T
"With the current -



L ' ‘ imat vided by indus L
’ e s tog'ether with es_hn'{a;ettisogr?acilities .:urrenfly. o
. The foregoing an¥ }'_51§-vc at PVC. polmemzare on the order of 1.3%. . . L
, ts that the losses of st while PVC losses ire or > axes o G
suggesf om about 3.0 to 6.3% w , 29 ‘. .
range fro v »
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INTERLM I\IIETI-élD FCR SAMPLING AND‘A.NALYSIS OF VINYL
CHLORIDE ,IN WASTE WATER EFFLUENTS AND AIR EMISSIONS

_ Scope and Apphcauon R -.. .

The initial basis for this method was developed durmg the mom-'-:-;"-:f
toring program carried out by  EPA Region IV in March.and . ..

April. The techniques used by Regmn v provu.ded guldance for

the monitoring activities of: other Regions, and the experieaces’

of all Regions were.then 1ncorporated 1nto ‘this refl.ned versmn of S
. the omgmal Rewlon IV approach. - ’

- This method is apphcable to VC determinations in water efﬂuents.

sludges and scums, and atmospheric emissions. The limit of R

detection is approxnnntely 0 06 mg/l 1nwater and 0.06 ppm (vlv)
in air samples. e ' e

Summary of Anal;gtlcal Procedures -

Water composite Sa:mples, air continuous composite bag samples,
and air and water grab samples are analyzed without cleanup by
gas chromatography (GC). Separations are effected by selection
of one of two types of columns depending upon the nature of the
sample. . Detection is by means of the flame ionization detector
(FID). Tetrahydrofuran extracts of sludges and scums are used
for injection into the GC. Air centinuous samples on activated
carbon are extracted with carbon disulfide, and the extract is
analyzed by direct injection inio the GC. ’

Calibration curves are developed using gravimetrically prepared
calibration solutions, or by using known dilutions of VC in carrier
gas.

VC confirmation should be made by mass spectromeiric analysis
of the GC eluent if possible. Independent confirmation may also
be made inthe eventof extraordinarily high VC concentration sam-.
ples by using long path Fourier transform IR spectrophotometry.
This IR technique requires special equlpment and about 20 cubic
feet of air samples.

Interferences

Certain volatile hydrocarbons such as neopentane, butadiene, and
freon 12 have elution characteristics similar to VC. However, on
the GC column substrates specified in these procedures, these
have not usually presentedproblems of resolution of the VC peak.

When column substrates other than those specified have been used,
impurities from solvents and carbon adsorbents have been

sccC
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founo to 1nter1e“2;k w1th the VC elution peak. Under certain condl-u_
tions a peak is associated with the injection and subsequent with-+" -
drawal of the microsyringe into and {rom the GC septum. These:
peaks can also give interferences with¥the VC peak. Withdrawal
should be timed to avoid overlap of thls peak wnh the VC peak

Apparatus and Materlals

- Gas Chromatograph

, Fla:me Iom.zatlon Detector

. Colu:mn Mater:.als for Waste Water,,Sludge, or Scum Samples

Recorder = any potentlometmc strlp chart recorder whlch ig e ""j-

compatible with the. detector system An mtegrator 1s also C el
desirable to estimate pea.k areas. S D - L P

mm ID preferred. When GC configuration requires colm'nn="
of other dimensions, these should be used.

Solid support - 60 to 80 mesh Gas Chrom Q

Liquid Phase - 4% FFAP on specified solid support {(weight
percent). Liquid phase on solid support can be purchased
directly from commercial distributors.

Column Materials for Air Samples

Borosilicate glass tubing or stainless steel tubing - 8' x 2, 5
mm ID preferred. When GC configuration requires colurmnns
of other dimensions, these should be used.

Solid support - Carbopak A
Liquid phase - 0.4% Carbowax 1500 on solid support (weight
percent). Liquid support on solid phase can be purchased
directly from commercial distributors.

Continuous Air Monitoring Materials - Carbon Adsorption Option

Adsorption Tube - pyrex glass, 18" x 3/8" OD ' T

Activated ccconut charcoal, 8-18 mesh Any good commer-
cial grade, e.g. Fischer Scientific Company can be used,

Becton-Dickson 27 gage 3/8" hypodermic needle flow control

Vacuum pump

Air flow meter

SCcC
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L Gas Pressure Reaulator (0 5 PSIG) SRR

*M1crosy*~1_nges - 10 25, 50 and 100 mwrohter (graduated)

: Vacuum Sa.mplmg Cans - 370 ml steel Vacu Samplers,' or glass"-j.{
rsamphng bottles. -Cans and bottles, should be flushed .with clear.

- should be protected from 'rough -handling to prevent Jmplos:mn ror - mT

© Septum-sealed vials - 1 to 10 mi capacity

Contmuous Air Monitoring Matemals a*zd Equlpmen* - Bafr Q:—‘me mg
Option

1'\-'144'

Env1ronmenta1 Measurements, Inc , Progra_mmable Bag Sampler o

Tedlar bags (or equ1va1ent)

Gas—tlght sample syrmges 1 and 50 ml (graduated) AL

air-or nitrogen and evacuated prior. to use! -.Evacuated.c¢ontaifiers

collapse.

Sampling Bags (Tedlar or equivalent) - 12" 'x 12", 36" x 36",
equipped with sampling valves and speta for GC sample withdrawal

Automatic water sampler - compositor (manual sampling is
optional) equipped with sample refrigeration capabilities, and a
a means to prevent loss of vinyl chioride from open .bottles

Glass sampling bottles with teflon lined screw type caps - 50 ml
capacity or other sizes depending upon sampler reguirements

Volumetric Flask, Glass stoppered, 25 ml

Medicine droppers

Dedicated GC/M. S. for conf1rmatory tests (preferable)
Barometer

Thermometer

Anemometer

Reagents, Solvents, and Standards

Carrier gases - zero nitrogen or helinm
FID gases - zero hydrogen, oxygen

Tetrahydrofuran, reagent grade, peroxide-free

sScc
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B.

.be used if the automatic sampler has this capability. Samples =

Carbon ¥etrachloride (*‘eagent grade)
Carbon dl“u.lflde (reagent rrrade)

wn?

Standards
VC m zero alr, 50 ppm (+ 2%) v/v

VG, analyzed reagent grade (lecture bottle)

Water Sainplle's‘

All waste water discharge points identified in NPDES perfhits -

- should be sampled for VC._ "A minimum of three successive -

24-hour composite samples of eath.site should be taKen. - Com-
positing interval . should be’ one hour (manua.l or. automatic
gampling is optional). Composltmg interval of 20 minutes may-.

should be taken at waste treatment units such as clarifiers and
scum and sludge separators.  Two 8-hour composites should
be taken from the effluents from each of these points, and one

8-hour composite should be izken of scum and sludge from each
separator unit.

Compositing interval should be one hour., Three grab samples

of clean process water (city or private well) should be taken
as blanks.

Samples should be taken in 50 ml boties with gas-tight, teflon-
sealed, 8screw cap closures, or in eguivalent containers re-
quired by the characteristics of automatic samplers. All
water, siudge, and scum samples should be refrigerated dur-
ing collection and storage. Compositing volumes should be
selected to assure head space above the sample is absent or
minimized to avoid logs of VC by its partitioning into the gas’
phase when samples are sealed. Provisions should be made
tc avoid such losses during continuous monitoring operations.

Estimates of discharge flows should be made using any appro-
priate measuring device (venturi, weir, magnetic meter, etc. ).

Samples should be preserved by refrigeration and protected from
sunlight until they are ready for analysis.

Air Samples

Sampling sites should be selected whichare downwindand in the
plume of the atmospheric emissions from the plant. Samples
should be coliccted culy in areas where local residents or
neighboring indusiries would be eiposed. At a minimum,

_ sce
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sampling .;l:o“}q be conductedover a pemod of f1ve days. Sites -
should be selected in the following array: one site unmedlately

upwind (4) and cne immediaiely dowm"lnd (B) of the plant site; . -

four sites about 0.4 miles from tHe plant site, one laterally

left (C) and one laterally right (D) of the plant site on'a line =" .

roughly perpendicular to the prevailing wind direction and two

~ (E, F) downwind from the plant site; two sampling sites (G, H)"
- approximately 0. 5miles downwind; single sampling sites,: .each-
at distancesapproximately 0.6 (I), 0.8 (J), 1.0 (K}, and 3.0 (L)

© miles downwind from the plant site. . If wind is fish- taumg
.severely, move sampling sites Gand H apprommately 0. 5 miler

. upwind of the fish-tailing wind direction from :the plant.”:".The."

sites specified are minimum. Additional sites may be selected

contingent on overriding micrometeorological considerations.’ -

These should be deternnned in consultation with the Reglonal
‘ meteorologlst. These may be at ground or some elevated level,:
.- as determined by the plume survey or as estimated by release -

of meteorological balloons, anemometer;: and wmd dlrectlon P

111d1cators, etc.

SAMPLING SITES

Prevailing Wind
Directicn

Minimum Sampling Scheadule

Miles from

plant site Site Symbol Time Mon Wed Fri
0.0 A.
0.4 C Flant . D 08300 ALA,B A,B,R AA,B

. 0.0 B 1000 C,D,F C,b C.D,D

0.4 E F 1200 A,E A,G,G AT
0.5 G H 1400 B,B,F B,H B,B,G
0.6 I 1600 C,G E,.«K I,J -
0.8 J 1800 D,I - . L,L
1.0 K 2000 - H,IL,L -
3.0 L (Note: All times are + 30 minutes for manual

grab samples, or + 2 minutes for automatic,

programmable bag samplers).

Grab samples should be taken in 50 ml gas-—tlﬁht syringes, 50
to 100 ml glass sampling bottles, 370 ml "Vacu-Sampler"

metal cans, or 12" x 12" capacity Tedlar-type bags. Both .
“the Vacu- Samplcrs and the glass sampling bottles should be
evacuated pricr to use. (Caution: These may implode or
collapse when under vacuwm. Use 4ue care in their handling).
The perfect gas laws should be assumed to estimate gas vol-
umes. Gas-tight syringes are flushed several times with am-
bient air befcre a sample is taken. After the sample is taken,
the gas-tight syringe is locked and sealed until it is ready for
analysis.

SCC
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© Al samples should be protex_ted frc_:n‘_x sunhght. . '
Contmuous Sampl‘mg Carbon Adsorptlon Optlon" )

Coutmuous sa.mples are taken
) 1

The Tedlar- t‘;%e bag samplers may be filled by pulling the .-
#2ils of the bag apart manuzlly, or beiter, by placing the .. -
bag in an enclosure and pulling a vgguum on tne outside sur-
faces of the bag. The bag is sealed until it is ready to be
analyzed ' Tedlar -type bags-are preferred for grab sa.mphng. -

3/8" O.D. x .18" long) packed withia good ‘grade of .activated
coconut’ shell charcoal. - The charcoal.is added to.the fubé’

in three segments, each 3-inches. long, and each separated by =~ ==
a glass wool plqg. “The two ends of the tube are also plugged

with glass wool. :'Both ends of the pack adsorption tube are

plugged with serum caps- durmg transport and for storage pur- L
 poses. : N ,

Flow rate through the tube is controlled by inserting a Becton-
Dickson 27 gage, 3/8' hypodermic needle through one of the
serum caps into the end glass wool plug. Air is sucked
through the tube by connecting it to a conventional vacuum
pump. The arrangement is similar to that used in the Nationul
Air Surveillance Neiwork. Flow rate should be about 200 ml
per minute. For each adsorption iube, the flow rate should
be calibrated in the laboratory before the sample is taken and
should be verified 2gain in the laboratory after the sample is
taken. Clean needles frequently to prevent pilugging. -

The adsorption efficiency of the carbon in the adsorption tuse
should be verified in the laboratory by preparing a 5 ppm v/v
VC mixture in the 368" x 36'' Tedlar-type bag and drawing this
through the adSOrptlon “tube. Flow rates should be verified
before and after the experiment. It is important to note that
all collections should be made with the adsorption tubes held in
an upright position to minimize channeling. Adsorption tubes
should be protected from sunlight either by wrapping with foil
or by enclosing them in a box.

Each segmentof the adsorption tube is worked up scparately by
etching the tube in the middle of a 3" section with a file,

-successively breaking each segment and spilling its conients

into measured volumes of carbon disulfide in glass stoppered
test tubes. The additions should he effected cautionsly and with
cooiing in an ice bath since the ineraction of activated carbon
with carbon disulfide is quite exothermic, A 2 microliter
aliquot ‘of the supernatant solution should be injected on the
carbowax 1500 column for estirnation of the adsorped VC. Suc-
cessive znalysis of the three adsorption tube segments will
indicaie the amount of break-through of VT through tlic adsorb-
ent.

Sce
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The samé\procedure should bp used for taking samples'uu
the field. 4 : R

Continuous Sampling - Programmable, PBag Samplcr Option: The .
sampler is programmed to take twenty- -four consecutive one-hour ~
composite samples. Each one-hour 'sample is analyzed separately’
for VC content:. Sampling rate of .the individual pumps should be’:

.. verified before 'and after-use. of .the sampling: device,::Record the

temperature and atmosphenc pressure at which the. samples are..

‘taken. ' All gas volumes - and concentrations should be corrected:

. to 259C and one atmosphere (760 mm Hg). At a minimum, -con-.

" tinuous samples -should - be "-taken "at. sites A, B, C,.and D -at

- ground level, unless otherwise mdlcated by mlcrometeorologmal
condxtlons. ; o i

Cahbra.tlon e S " . S A .

~

A Gas Ana1y51s - Gas Dllutmn 0p110n. N : RS f:j’.'.‘ S :

- - -~

Recoro ambient temperature and atrnosphemc pressure.

Evaluate the 36" x 36" Tedlar-type bag. Add 1 liter of the
standard VC gas mixture (50 ppm, v/v) to the bag. This addi-
tion may e made withz flow meter or witha gas-tight syringe.
Dilute with nine liters of zero nitrcgen or helium carrier gzs.
Thig gives a concentration of 5. Oppm (v[lv} of ve. as ng/ml
at 25¢C and one atmosphere.)

Evacuaie a 12" x 12" Tedlar-type bag and add 0.5 1 of the 5.0
ppm (v/v) conceniration mixture. Dilute with 2 liters of zero
niirogen or helium carrier gas. This gives a concentration

of 1.0 ppm (v/v) VC, (2.6 ng/ml at 250C and one atmosphere).

Fvaucate a 12" x 12" Tedlar-type bag and add 0.5 1 of the 1.0
ppm (v/v) VC calibration mixture. Dilute with 2 liters of zero
nitrogen or helium carrier gas. This gives a concentration

of 0.2 ppm (v/v) VC (about 0.52 ng/ml at 25°C and one
atmosphere).

Evacuate a 12"x 12" Tedlar-type bag and add 0.75 1 of the 0.2
ppm {v/v) VC calibration mixture. Dilute with 1.75 liters of
zero nitrogen or helium carrier gas. This gives a concentra-

_tion of 0.08 ppm (v/v) VC (about 0.16 ng/ml at 25°C and

one atmosphere). This is about the limit of detection for direct
injection into the GC,

With a gas-tight syringe, inject 1 ml aliquots of the 5.0,
1.0, 0.20 a*qd 0,08 ppbm (v/v) VC calibration mixtures into a
GC equipped with a Carbowax 1500 or Carbopak column and
an FID detector, Use zero nitrcgen or helium as carrier
gas ata flow rate of €0 ml/min. Operate the inlet and {iie
column isothermally at room temperature.

SCC
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' Pipet 40, 0-ml . of : ‘carbon - tetrachlor:.de into:a tared 50 ml

>"'-'Attach a tigoh'dellvérj; fixbze".'i:o the "-VC lécture bottie v'a'lv‘é’.l
Attach the end of the delivery tube .to-‘a piece of glass tubing

ST o RO
Prepare a ci'ébratioﬁ curve. Repeat until the calibration
curve is reproducible. ’ s '

Gas or Water Analysis - Gravimetric,option:

Stock solutlon of VC

glass stoppered volumetmc flask and accuratel Yy Welgh to- 0 l
mg. T LT

which has been constricted at one end, - flush out  the tube
with VC, and slowly bubble VC' into the .CCl, containing
volumetric flask until about 5.0 mg of VC has been added.
Precautions should be exercised to - prevent loss of :-carbon

tetrachloride during this cmeratmn " Reweigh the volumetric ..

.........

flask to determine the weight of added VC. Fill the volume-
tric flagk to the 50 ml mark (approxnnate 1y 100 ppm wt/vol)
{These operations should be carried out in a hood).

Transfer 1 ml of the stock solution of VC to a 25 ml volume-
tric flask and dilute to the 25 ml mzrk with carbon tetrachlo-
ride (approximately 4 ppra w/v).

Transier 5 ml of the 4 ppm VC solution to a 10 ml volume-
tric fiatk and diluie to the 10 ml mark (approximately 2 ppm,
w/v). Repeat dilution for a solution approximately 1 ppm, and
0.2 ppm,

Transfer the  stock solution to a teflon-lined screw capped
bottle. This sclution can be kept for extended periods of time
Transfer the diluted solutions to. serum vials and cap them

‘with teflon-lined serum cap septa.

Inject 1 ml aliquots of the calibration solutions in the GC
equipped with Carbowax 1500 on Carbopak A packed columns
and an FID detector. Use Zero nitrogen or helium carrier
gas at a flow rate of €0 ml/min. Operate the inlet at 150°C
and the column at 60°C. After the VC peak has been eluted,

program the column temperature to 150° C to elute solvent.

Cool column back to 60°C for follow-on concentrations.

Repeat prccedure usmg a GC equipped with a 4% FFAP on
Gas Chrom Q packed coiumn ané ¥ID detector. Cperatez under
thhe same conditions. Prepare a calibration curve to be used
be used with water samples. .

Scc
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Water Samf.ale Ana}.ysis

- .column | 1s operated 1sothermally at 6200 Detecuon 1s by FID
-V-Report concentra’uon of . VC in sample in mg/ 1 .

Sludge and Scum Samples '

Procedure

§ gt

Untreated water samples (l 5 mlcrohter ahquots) are m]ected

dlrecﬂ.y mto the GC.”

A 4% FFAP on "Gas Chrom Q" packed column is used N1tro—
gen zero gas or helium is used as the carrier gas-at a- flow -
rate of 60 ml/mm. . Inlet temperature is set at 1500C+’ .. The.

Extract 5 grams of sludge or .scum- sample W1th 100 ml of

tetrahydrofuran (THF). Analyze THF extract in the same ~

manner used for water samples. If. VC concentrations are
too high, make appropriate dilutions of the THI® extiracts.

Report concentration of VC in sample in mg /g of sample.

Air S:1 raple Analysi

Grab sampies.

Use a 0.4% Carbowax1500 on Carbopak A packed column. Use
nitrogen zero gas or helium as the carrier gas wiih a flow
rate of 60 1nl/min. Operate the column and inlet at room
temperature.. Use a flame ionization detector.

Untreated air samples (1 ml) are injected directly into the GC.
VC contamination of syringes requires attention. -

Report concentration of VC in gas samples in ppm (v/v).

Continuous Samples

Use same procedure as previously discussed for calibration
of adsorption tube efficiency.

Quality Control

Duplicate sample analyses are rocommended as a quality con-
trol check.

SccC
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' VC monitoring activities conducted by EPA Regional Offices. durmg th
. Spring of 1974 at the request of the Task Force. More deta11ed reports

--of time using new methods, basedcn the Agency s best sc1ent1f1c Judge

‘were evaluated.. . However, they had not been thoroughly tested for-m.-

SUMMARY OF REGIONA.L_, ACTIVITIES

‘This Appendlx br1eﬂy ‘summarizes . the results of the prehm1nary'

are avaﬂable from the Regmnal Offlces. e

The samplmg and analyses were carned out m a very short pemod'

ment. They represent, in -the- Agency s- opinion,. - the ‘bést: methods ™

then available. In large measure, the sampling and analysis methods -7, "

were based on previous analytical studies in which ‘similar chemicals

accura cy and prec151on under fleld condltlons.

Prior to and during the sa.mphng and measurement only 1m11ted
quality control and standardization of procedures could be appl'led in
the time available. The methods utilized were interim procedures

- which bhave already been subjected to further modification.

The nature of the PVC manufscturing process results in the escape
of VC pulses which could iead to widely fluctuating levels of VC in the
ambient air. 8o, too, changes in air movement may iniluence concen-

.trations at a given staiion 2t any one time. Therefore, the VC daia

reporied are preliminary in natore and are subject to change as addi-
tional monitoring is performed. Individual measurements probably
underestimate the VC levcls due to the possibility of VC leakages and
other inaccuracies in the monitoring system.

Region I: Leominster, Massachusetts: Borden Chemical Company
(PVC); May 9, 10, 13.

1. One hundred and fifty-seven discrete {(grab) ambient air sam-
ples were collected on plant property and within a 3.0 mile radius of
the plant. The VC concentrations ranged from less than the detectable
limit of 0.06 ppm to 6.0 ppm. The samples exceeding 1 ppm were
obtained on plant property near the fenceline.

2. Twelve 24-hour integrated ambient air samples were collected
at the fenceline on plantproperty. The VCvalues ranged from less than
the detectable limit of 0.06 ppm to 1 ppm.

3. VC concentrations in three 24-hour composite waste water .
samples taken froni the lagoon effluent ranged from 0.15 to 0. 29 ppm.

4. VC concentrations in two sludge samples taken from the lagcon
near the outlet measured at the 0.65 -~ 0.C5 ppm level on a wet basis.

sce
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5. " The pla NG
edge of Leommsti\wnh resxdentlal dcvelopments ad;}acent to plant pr‘o-~
perily. ’ v .

6. Sluitmg meteorolog1cal conditigns and rain hdmpered the sam- -;: '
pling program. : R

Region Ii: F‘lemmgton New Jersey Tcnneco Chenncals, Im_.
Ma} 29-31. L I B ;

1. Forty -three dlscrete amblent air samplcs were: collected con ;-
plant property and within a 2, 0'mile radius of the plant.r. The VC.coi
centrations -outside the plant property rangcd from less: than " detects
ble (0.0l" ppm) to 0.05 ppm. " On plant property. a smgle samplé
collected on the dryer building roof contained 5.6 ppm. “Af ground
elevation, the VC concentratlons on plant property ranged up to. D 30

ppm.

2. Twenty three mtegrated amb:ent air samples were collected B
for 24-hour periods on plant property and within 2.0 miles of the.plant.. "w. . ...
The VC values ranged from 0.005 to 0.038 ppm on plant property and ‘
from less than detectable to 0. 031 ppm outside the plant area,

: 3. Two integrated one-hour ambient air samples collected within
0.1 mile of the plant showed VC at levels of 0.32 ppm and 0.18 ppm.

4. A maximumn level of 20 ppm was deiected in three 24-hour
compousiie samples taken {rom the water effluent discharge into the
Bushkiil Brook, which immediately flows into the Raritan River. This
amounts to approximately 400 lbs/day.

5. VC concentrations in sludge samples taken from the lagoon -
areas on plant prcperty ranged from less than detectable to 1,000
ppm in wet weight concentrations; however, the concentration at the
sludge disposal area was 54 ppm.

6. The plant is located in an area in which manufacturing facili- |
ties are interspersed with farmland and relatively large acreage

residential properties. There are a number of small communities
~ within a few miles of the plant.

Region III: Delaware City, Delaware: Stauffer Chemical Company

T (PVC) and Diamond Shamrock Chemical Company {PVC);
May 20-22. S. Charleston, West Virginia: Union Car-
bide Corporation (PVC); May 24.

1. The air sampling and analysis activity was organized around
a mobile luboratory equipped with a gas cnrormnatograph using a flame

ionization deuector. VC levels were later conhrmed by mass spectro-.
meter, :

2. A single discrete ‘ambif_‘nt air sample at the fenceline of the

D:Lan*lo*xd Shamrock plant showed 0.2 ppra VC.

27
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plaxu ¢ m‘md fron (ﬁ o 0.7 ppar VO The Thighdst lvvol Wil

0.5 miles from  th&gplant aad the lowee l_mcl:\ at 0.2% miles Pront the
plant. o : '

4. The avea 1mnu‘({mh‘l\ adjacent o thesdelaware City ¢ nmpl(‘\ i ll"lll-
l\ populated l(‘bld(‘l!hdl aveas for b(‘VL‘ldl miles.,

5. Water, samples nolloc‘ ted at the U mun Carbide plant gave VO values
of 1.1 and~0.8 ppm for_ grab - samples” dt”several outfalls ahd: 0. 35 fog
24 -hour composite. . Jl'nplob nluamm{ lrum the Kanawha l\lu-:_ y
have a dCLQL tab1¢ t‘\’Ql ol VO, ' '

G. bamphnw was attvmptod hu{ ‘was unt fuaslblu- duc Lo lmu ¢

in I’Orl'_\",\-'ill_c, '\131'vl.3.11d and l’ntlblnwn 1‘0:111:,\ lvanla. L

Region IV: Lomb\qllc ) l\vntm |\\'-, ..ls.‘!". Gaoodrich (‘homn al C mnpany
(PX'C);-March 19-21 and May 8-16. .

1. The initial air ﬁmnitoring'program conducted -in March was pre-
liminary {o the more extensive program in NMay which showed significant-,

Iv hivher levels.

“ 2. In May there were 39 discrete ambient air samples collected in
the area designated industrial (within 0.8 miles from the plant ceanter).
The VC concentrations ranged frem less than 0.05 to 5.6 ppm, with 10
samples excecoding 1 ppm. 1o the area designated realdcmm‘; industrial,
149 samples were collected within 0. 8 miles of the plant with VO concen-
trations ranging {rom less than 0.05 o 33 ppm. The average concentra-
tions at ihe site registering 33 ppm were Getween 0.5 and 1 ppm, but 18
samples had concentrations greater than 5.0 ppm. TFour samples werce
obtained in strictly residential areas with VC values of 0.05 to 1.6 being
observed. The 1.6 value was 0,8 miles from the plant.

3. Five sampling sites were established within 0.6 miles of the plant
for integrated air sampling over 24 hours, VC values ranged from less

than 0. 001 to 0.33 ppm. The highest value was obtained from a samplmfr
site O. nnles from the plant center.

3. \\aste“ater from the clarifier discharge was measured in Marce h
at 2 to 3 mg/l in 24-hour composite samples.

5. Dewatered clarifier sludge and clarifier scum contained 193 and 162
ppm of VC, respectively.

Region \: Painesville, Chio: Uniroyal, Inc. (PVC) and Robintech, Inc.
Inc. (PVC); May 9-14.

1. Four of 137 ambient air samples taken at distances up to 3.0 miles
from the plant showed levels exceeding 1 ppm of VC with the highest level
being 2.26 ppm. Mlany of the samples were less than 0.1 ppm.
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28 3-0492

s lor a
,ﬂ(hd gl

o tmw dn(l-.'__\'.__,_
_cqu:pmcnt difficultics at the PVC plants of the Wi vstnno ]’ldsuz 5. .C nmp.:mv




plant proper‘y, ranged from 9 to 3520 ppm

“Deer Park, Tex., VC Plant - Shell Chemical Co.,

2. Nine™247% hoﬁ»"lntegra dfambientai
tanices from the pl@: showed levels up to 0. 2 ‘PPM of VC

3. VC levels in 11 of 17 water effluent samp‘cs were Iess than 0.2 pm*n
with three samples exceedmg ! ppm, 1no_1uu1ng a high of 3.7 ppm

4. VC levels in nine sludge samp‘es, as the sludge w0uld leave the

. _.‘.-.x DEEEY

":'5. The complex 1s surrounded by res:.dentlal areas. i':'

Reglon VI: Plaquemme,’ Loulsxana The Goodyear Tlre a,nd Rubber':i'
S COmpany (PVC) and Dow Chem1ca1 Company (VC) ~Apr11 7 9 .

1. There were 31 dlscrete amblent air samples Lollected wlthm 3. 0 .
miles of the complex with VC concentrations ranging from less than detec--"- .

table (. 001 ppm) to 7.8l.ppm. Most of the readmgs were less mar. 1 ppm,
with the highest value at the property line. . :

2. VC concentratlons in wastewauer effluent measured by ‘>4 hour com-
posites were all below .05 ppm.

3. vC concentranons in residual reactor scrapings at the Goodyedr
plant ranged from 23 to 31 ppm.

4., The smuzll communities of Morrisonville and Eliza are iocated
less than 1 mile north and norihwest respectively of the Goodyear plant.

A few hemes from Morrisonville extend almost to the ncrth properiy iinc
of the Goodyear plant.

=

5. Very limited air sampling was conducted in the flouston area in the

~ vicinity of the plantslisted below. However, in view of the inadequacy of this

activity, the sampling effort in this area is being continued.

Deer Park, Tex., PVC Plant - Diamond Shamrock Corp., Diamond Sham-
rock Chemical Co. '

Industrial Chemicals
Division '

Houston, Tex., VC Plant - Tenneco, Inc,, Tenneco Chemicals‘, Inc,

Pasadena, Tex., VC Plant - Ethyl Corporation

Region IX: Long Beach, California: B.F. Goodrich Chemical Compari_y
. (PVC); American Chemical Corporation (VC); American Chem-

ical Corporation (PVCj; May 7-10,

1. One hundred and eighty l0-minute integrated ambient air sampies
were collected :within 3.1 miles of the complex. About 1l percent >f the
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N -r'eadmgs ‘exceeded 5 5pp & : :
maximum value mehsured was 3.4 ppm ina sample taken 3 - 1miles from-

the plant; however %the average level measured at this point was about :
¢.5 ppm. L : R . g

2. Samples of wastewater effluents¥were composited for 8 to"'>4‘

- hours and yielded values from 3.5 to 8 g ppm, w1th md1v1dual samples

reading up to 22 ppm.

3. Sludge Samples Showed values rangmg from 290 to 4200 mj ro-“.._""'

grams of VC per gram of ‘dry sludge. _

4.,  The complex is surrounded By residential areas. Wlthmthe

_ three m1le radms of the plants there are eleven schnols._ _ '. oLl
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PPRSISTE\ICE Ol—‘ RY I\IYI_.

The, avallable‘tuformatlon on the stability and persistence of V¢
the environmentis currently very limited. Some literature and lahoratopy
studies have recently been initiated by indusiry and by LA, Thids discus-
sion summarizes the findings of EPPA terdate and particularly the resulis
of research efforis at EPA - t'eseart_h facilities undertaken in response 1o
the needs of the Task Force for at leastpr chmmary data on environmental
fate. ,.Results of related e\'pe.mments reportcd by 1ndustry secrr o be .
consxstent w1th the discussion. . e A

in

Behavior of mel Chlor-lde -in An‘

e e

The peak absorptlon of VC in’ the ultravmlet regmn-,ls very iar below” '.
the solar cutoff of about 2900 A, indicating that  VC would not" undergo.’
reaction in sunlight in the absence of other reactive chemicals. When
‘irradiated with simulated solar radiation in the presence of - mtrogen
oxides (nitric oxide and nitrogen dioxide), VC reacts to form a variety =~
of products. The ava11ab1e laboratory results indicate a rate of reaction
of about 8 to '10% per hour for VC, recognizing thai reaction rates may
vary with concentrations. The direct and indirect reaction products
identified included ozone, nitrogen dioxide, carbon monoxide, formalde--
hyde, formic acid, and formyl chloride. High eye irritation levels were

found with human exposure panels which is consistent with the products -
identified,

The low reaction rate of VC, including reacticas in the presence of
nitrogen cxides, indicatesthat within & few miles downwind of VC emissicn
souirces VC will persist and can be cousidered a stable pollutani. The
usual metenrological dispersion equat*ons for gases could be c-l)pll"d ta
approximaie concentraiions., Because of temperature inverscions and thwe
absence of sunlight at night during the fall and winter, buildup of \-'(T.
might be of particular concern during such pericds. Clearly at greater

distances from emission sources, VC will have greater opportunity to
disperse and degrade,

The noxious gases which are products of VC reactions should not be
ignored. In air quality regions with large industrial activities involving
large volume production of these chemicals, suchproducts may contribute

appreciably on particularly sunny days to eye, nose, throat, and lung irri-
tation.

Behavior of Vinyl Chloride in Water

The loss of VC from water at constant temperature and pressure de-
pends on the rate of agitation or aecration. Distilled water in a bezker
spiked with 16 ppm VC, when rapidly stirred at 22¢C with a magnetic
stirrer, lost 86% of-VC in two hours, while gquiescent water at the samece
concentration lost only 23% VC. There was no significant difference in
the rate of VC losses from distilled water, river water, cr effluent from
a VC plant stirred at the same rate, indicating negligible adsorption
effects with particulate matter. Plots of log water concentration versus
time give straight lines, indicating volatility to be the only imporiant joss
mechanism.
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"T-Iydrolysm over pH*rahge of+4.+34ta" 3 y
portant ‘ pathway® “for’loss of VC from- water. “Chemical reaction of VC-in"
the clarifier effiugnt from a VC plant was followed at 5§0°C for $7 hours
at pH 4.3, 8.0, afd 9.4 in sealed septum vials. Concentrations 1nd1cated '

{

tnat VC atilese three pH values decreised at the sarne rate. Th

._L.‘-._. ..(}-\41\

- of pH dependence suggests -that-the losg of VC occurred by-volatilization - -
rather than hydrolysis, or at least. Lhere is'a very slow hydrolysis rate, '
Tlus expernnent should be repeated in lea.k proof reactlon v1als. . <.

Very prehmmary expe.r:ments do not show photolysm' ‘as~an® nnpor- ;.
tant pathway for loss of VC in watér. . However, there are many uncertam-_

ties in the" expemmental technxques, and addltlonal studles are necded ln T
this area. , . . by

Earlier theoreti’cal ‘studies-are con'mstefxtwith'tﬁése e*cperimental" Tes, T
sults. One study on the transfer of small non-reactive molecules across. ;
the air-water interface!(as in stream ‘aeration) used’a kinétic approa.ch £
to predict that VC will be rapidly lost from an aqueous solution, with "the :
rate of loss being a function of.water ’curbu;.ence, mmng&efﬁcmncy, and-~ o=
molecular diameter. - Another s"udy, using a thermodynamic approach,” * .-
predicted a rapid rate of evaporation of low solubility chlorinated hydro-
carbons, including compounds of low vapor pressure.

Despite the foregoing efforts there is a.general absence of data con-
.cerning VC in aquatic systems. It is conceivable that as the result
of poor or erratic mixing in lakes or ponds, together with slow but con—
tinuous release of VC from sediments and sludge C could gpersis

long enougu to zccumulate biclogically, via direct ...bsorptlon or vwis ti’*o
food cha inn, or to cause other ecoloclco.l effects.

Behavicr of Vinyl Chicride in Cloged Rooms

Tables 1 and 2 present data concerning concentrations of VC in a
typical room following release of a pesticidal spray containing VC.

TABLE 1
One Hundred and Twenty Second Release of Insect Spray in
133, 000 Liter Room

COLUMN I COLUMN I

SAMPLE TIME vC "FREON-12 VC FREON-12
No. 1 Collzcted at 41,64 ppm 8.15 ppm 41.9 ppin  7.24 ppm

_ breathing zone ‘ -

during spray

No. 2 15 minutes 16.91 - 3.13 17.1 3.20
MNo. 3 30 minutes’ 1.38 G. 27 1.32 6.25

lo. 4 60 minutes 0.08 0.018 . 0.081 0.018
No. 5 120 wninutes 0.012 - G.GLo -

SccC
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TABLE-II : ' '
- Thirty Se d Release of Insect Spray in 21, 400 ther Room

: ' _ o , pOLUMN RS COLU‘iN' -
SAMPLE CTIME vCe Y FREON-IZ*{. "VC . FREON-

No. ] . Collected one . .- ...380.1 ppm- . 84, 8ppm | ’33 2 ppm
S -7 minute after’ | T e it 3.2
spray
- szév - 30 minutes later
No. 3 |60 minutes

No. 4 ° 150 minutes

No. 5 - .Collected in ~-* - - 0 33
- adjacent hall .. o
‘lal minutes

*Freon-12 concentrations were determined using hydrocarbon response factors
to compare dilution effects; the actual concentration is higher by a factor of 5. 3.

REIFERENCES

1. Unpublished results of experiments and analyses conducted at EPA

laboratories in Research Triangle Park, N. C., and Athens, Georgia,
during April and May 1974.

2. TUnpublished results of experiments on persmtence of VC in water
conducted by Dow Chemical Company. -

3. Tsiroglou, E. C. and J. R. Wallace, "'Characterization of Stream

Reaeration Capacity,'' EPA Ecological Research Series Report #EPA-
R3-72-012 (October, 1972). . SR

4. MacKay, Donald and Aaron W. Woh\of;, "Rate of Dvaporadon of Low-
Solubility Contaminants irom Water Bodies to Atmosphere, " Environ-
mental Science & Technology, 7 (7):611-614 (July, '1973). ‘
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HEALTH EFFECTS OF VC .

This Appendix: presents much cf, the epidemiological and toxi-
cological data available as of 'v'ruet LQ’M on -the health effects
assouated with exposure to VC,: tonet ier with a few interpretive com- -
ments supplementmg information. prc.se.lted in the body of -the : report._

.However, the. Appendix does - not present an: exhaushve rev1ew or
evalua.tmn of available mformat‘on. S oo el

Table l summarizes the data collectcd by CDC/ NIOSH ‘on’ the__.
confirmed cases.of’ anglosarﬂoma of the liver in VC/PVC workers in.-7
the United States and abroad. . A total of 15 occupational'~'cases - have - ™
been discovered in the United States and confirmed as angiosarcoma .
of theliver. Of the 15 cases, 2-are still alive and undergomg treat- ' .0
ment. Fourteen of the 15 were -employed in PVC production plants and ...
the remaining one“in a PVC fabrication plant. The average age at = .
death for the U.S. PVC production werkers was 48. 5 years (with a R
range from 36 to 61 years) which "is about sevéen’years younger . .
than the average age of death from 11V(31" cancer in the U.S. male
population. Based on the data available for the workers, the latent
period for this disease appears to be on the order of twenty years,..-

‘a period consistent with laiencies observed for other occupaticnal,
chemically induced cancers.

In the T. S PVC p"oductmﬂ worker cases, all of ithe men were
at one time ''pot cieaners', required to eanter the reactors in order
to chip the residue of ihc chemical reaction frorn the sides of tue
“pots.” Since e residue often contained pockets. of  trapped
gases ihat werce literally released in the clesaner's face when they
were ruptured by his chipping operation, the potential for exposure
to high levels of VC while cleaning these tanks was particularly
great during the early years of this operation. ;

Ten cases of worker-related anglosarcoma of the liver have
been reported from five foreign countr:es to date

Table 2 summarizes the epidemiological data, collected by
CDC from the Comnecticut Tumor Registry, on five confirmed cases
of angiosarcoma of the liver, including one accountant in a PVC
fabrication plant and two residents near PVC ifabrication plants.
The case of occupational exposure occurred in a man who had been
employed for 10 years as an accountant in a factory which pro-
duces vinyl sheets and processes PVC resins; it is reported that
he frequently visited the production area of the plant, Of the tvre
cases wito had no occupauonal cxposure to VC or PV(C, one was a
73 year-oid man who lived his entire life within two miles of a PVC
wire insulation plant. The other was an 83 year-old woman, a
housewife and . retired cook, who had lived for 35§ years within
one-half mile of the vinyl products plant at which the accountant
had been ermployed.
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While thesé"\ finding_q estabhsh no causal connectlon beiween

-

exposure W VL anda al comAa o1 the Liver, ey do ralze {he
' pO‘-‘SlbllltV of such a relationsiin. [fune will be needed io deline -
the possibie risk factors in peI‘SOn:. who have worked with PVC
since the latency period appears to be solong. Because of the rarity -
L of this ‘tumor, the additional [1nd1ng in this °tudy of angmsarcoma of -
the “liver ‘in persons who had no occupatmnal exposure to VC, -bhut:-
who may have had community exposure, is also worrisome but agam .
establishes no - causal connection. - Epidemiologic. investigation of --
- .additional  ¢tases of hepatic angmsarcoma that may  be..found to-have

T had possible community exposure to VC w111 be necessa Y- to clarlfy
7 the" mg*mﬁcance of these cases, - : -'.,

'I‘ables 3A - 3D present the fmdmgs of the MCA-funded mortahty
study of VC/PVC workers, conducted by Tabershaw/COOper As...o—

ciates. ' § _ R "

In calculating the risk of death, 'the usual method*i’s"-to‘express the =-
number of deaths which actually occurred as - a percentage of the
number which would have been expected in a comparable population - -
observedover the same age and time intervals. This statistic is
called the Standardized Mortality Ratio (SMR). Using the U.S. male
population as the standard population of comparison, the SMEs were
calculated for each of the 35 cases of death fovr which detailed mioo-
taility rates are published on a nationz! basis. In the standurd
pepulation each SMR wouid be equal to 100.  The statistical signifi-
cance of the deviation of each SiHMR in the .study population from tihe
expected value of 108 was tested, A single asterisk indicates trose
SMRS which differed significantly from 100 at the 5 percent level,
that is, which had a probability of . 05 or less of occurring by chance.
A double asterisk indicates those which were significant at the 1
percent level, SMRs based on fewer than 5 observed cases were
not tiested for significance. The overall mortality of the study
population is statistically significantly lower than that of the U.S.
male population. There were 352 observed deaths compared with
487 expected, for an SMR of 75.

For each job, an exposure score was estimated by industrial hy-
giene and safety personnel in each plant. - A score of 1.was given
for low exposure, 2 for mediwmn, and 3 for high. The number of
months each worker spent on a given job was multiplied by the appro-
priate exposure score. The total for each worker was then divided
by the total number of months of exposure to give an Exposure Index -
(EI) for that worker. Table 3A shows the SMRs for workers with an
£l below 1.5 versus those at 1.5 or above. The dividing point of 1.5
represents a level Hzlivvay betwoen low and medium exposure. Taole
3B shows similar resulisfor workers with lessthan 5 years exposure
versus those with 5 years or more.

rf

in order to examine ihe pr.>:_«,’i)‘e interaction between duraiion and
level of expos ure, the study pepalation was dividedinto 4 ﬂr‘oups on the
basis of both Ei (low vs. high) anc l duration of exposure (short

[

+
[
vs

.
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long) wusingthe Le.me dichotomization as Tables 3A and 3R. Table 3
shiows the resuits for short versis long exposure in ithe low Il group,
and Table 3A shows -the same comparison in the high El group.” When -
the study population is divided according to length and duration of
exposure (Tables 3A and 3B) and combinations of these measurements
- (Tables 3C and 3D), three major’ patterns emerge. .. For. malignant .,
neoplasms -as a whole, the SMR increases with- 1ncreas1ng exposure, -
whether measured by level, dura’uon or both.ﬁ In ‘the _high-exposure..
“group with 5 years or more exposure (Table '3D) there are 36.observed
- casesand 26.11 e}’pected . For cardlovascular = renal dlseases .as.a .
group, there are also increases in thé SMR'with 1ncreasmg e‘cposure,
-but ‘thé :number of observed cases Ttemain less ‘than expected, the
differences being statistically significant in all groups-except the high
exposure, longduration group. For all other ca.uses there are no con-_
s1stent relatmnsh:ps with expocure. . »

'\(Vlthln the mallgnant neoplasms, tl"e largest (althougn not statlst1~ e
cally significant) SMR is in cancers of the buccal cavity and pharynx, =~
with 5 observed, 2.84 expected, and an SMR of 189. However, Tables '
3A and 3D show that all these cases have an EI below 1.5, and 4 out
of 5 have less than 5 years exposure.

Cancer of the digestive system shows no excess in the study popu-
lation ssa whnole. However, inthose workers with 1EIs of 1.5 orhigher,
there arel2observedeeses where 9. 14 are expected (Table 3A). In the
subgroup of the 2boveworkers with 8 years or mmore exposure, there are
11 observed cases and 7.47 expected.

Respiratory cancer shows a slight excess in the total group, and a
similar pattern for different exposure categories, with 13 observed
versus 10. 28 expected when the EI is 1.5 or higher, and 12 observed
versus 8.50 expected when, in addition, the duration of exposure is 5
years or more. ‘

Malignant neoplasms of other and unspecified sites show an excess
in the total group, and an increase with both level and duration of ..
exposure  {Tables 3A and 3B). The relationship with expcsure is more

pronounced, since those with exposures of less than 5 years have fewer
cases than expected.

The lymphosarcomas, although occurring at about the expected
rate when the whole group is considered, are concentrated almost
entirely in the high exposure long duration group. In that category
there are 4 cases observed and 1. 84 expecled.

The Tabershaw/Cocper Study is based on an examination of 3238
death certificates. The authors acknowledge three areas where bias
might have entered: (a) choice of the U.S. male population as the

_ sce
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standard, (b) absence of 15% of the study population (untraceable,
and (¢} discovery, as lhe study ended, of a group of 1500 w ‘orkers
whose exposures occurred up to Fpwyears ago and who are not included -
“in the study group. Since the 1atency perlod fo r angiosarcoma of the
liver is  averaging .18 years -at least, 1t would appear desn-able .
to examme the data for these 1500 workers. Lin - :

. In addition to the Tabershaw/Cooper stu'dy' several 'otfiéi:r epidemio-
. logical studies presented during the recent OSHA hearmgs suggest the
; p0551b111ty of a multlple cancer: rlsk. -

Table 4 summarizes many of the pubhshed and’ unpubllshed to:u—_
cological and epiderniological studies.of human and animal exposures ..
to. VC.- A list of the references cited in Table 4 completes this -

- Appendix. ) , o It AT e :
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Table L . Lo : i
OCCUPATIONAL CASES OF LIVER ANGCLOSARCOMA ‘ ‘
fecupation | Country " Case ff  DBIRTH 1rt VC/PYC Diagnosis Age - Yrs. lsr” .-’ Total Yrs.: Date
' DATZ Voark of Angicaar- ~ at . VG/PVC Work: VC/PYC = - of
cona +Dinapnoslis To Diagnosis Exposure ' Death -
1. . %C Usnomer Production Swaden o1 " DO-00-11  00-G0-45  0O~00-72 61 : 21 -, 23 - 00-60-72
2. ?PYC Polywarization United States 01 000922 12=-09-48 - Q3-080-71 49 - 22 ) : 03-03-23
United States 02 00-00-34 11-14-55 .£5~00-70 36 14 . ' DL 09-23-17;.
X United Scates 03 00-00-15  11-38~4% 12~-00-73 . 58 28 - o T 12-13-23
. : . Unfted States L 00-00-24  07-D5-42 0L-00-67 43 15 . o 01-07-4R
: ‘ : Unired States 03 00-00-12  06~19-44 04-00-64 52 <20 PR 04-09-84
Unitod States 06 00-00-29  01-17-6Z  02~00-74 45 o120 i T Mawve
Unitnd States . 07 05-03-22  08-00-44  00-00-68 S . w0 L 03-23-C3"
United Statas 08 05-06-20  10-07-45 - 08-00-61 41 .15 o o QE-29-h1
tnited States 09 G0-00-31  (5-23-~43 03-01-74 43 A [ ¥ ‘7 . 'Aldve
United States pU 08-14-13  (¢6-09~51 G5-00-58 85 17 D & B 1 e DAY
tnited States 13 05-27-09  10=14-45  03-00-70 T c23 . Thio23d R S YT
United States 12 11-17-18  09-13-4% 05-0C-69 . 50 R [ R O -, 05-02-69 .
k United States 13 12-01-21  CB-19-44 05-60-24 53 . B £ D ™ - 07-04-7y
Y. Gorrany ¢1 07-25-31  10-14=537 00-00-71 40 R L - sl 12:44-71 ¢
Y. Germany 02- 06-04-30 10-01-57  ~00-0C~69 .39 : RS S G RS § R 01-25-57
Great Britain ol. 00-G0-0).  00--80-45 12-00-72 7 26 . Soeeg o 12-00-22
Norvay oL 12-23-15  03-00-50 . 12-20-71 - 56 5 22° e rio. L 01-04-72
Swaden 02 00-00-27 00-D0-91.  00-G0-70 ' &3 . . 19" 00-00-70 ,
Czechnslavakia 01 T .
_ Czechoslovakia 02 : - .
- tnited States 14 13-04-27  11-13-51 70~00-6% 3 SN 03-27-63
3. PVC Conipoundara, : - oL o
’ Fabricatora, ite. °* lintted States  ...15 .. . 00-00-25  {0-00-CO 07-00-72 . - &2 - 02-15~73
: : Great Britain 02 NA-0f=14  O0-00-A8 A2-04-70 55 12-00-10
4. Other VC Exposure V. Gevwany 03 . o oo 43 ;’fﬁ‘ o~

Note: 'C0' (ndicates unknown date
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CASES OF REPATIC ANGIOSARCQMA,

Table 2

CONNECTICUT, 1935-1973 ST

Date of oo
Case NCI Original  Date of i Place of -
Mo, Are Sex  Diagnosis Diagnosis Death Hedieal Restory Occupation Residence
1 73 0™ Hepatie 11-25-67  12-3-67 2 months history »f dlarrhes, , noorexia, end Fireman 1917-42 . - Bridgeport -
Anglesarcoma 20 1b weipht logs. Intermittinni abdeminal Aluminum worker 194Z-44 entire life
pain. Non-tender, fivk epigascric mnss. Died Corset cutter 1945-61
after 9 days with spentancous ruptured liver Retired 1961-67 ° :
leading to shoek, Paest history of alecohol in- : i -
take. ' Co :
2 417 N Alcocholie 1-15-73 2-15-73 1nitial symptoms KUQ abdominal pain with Accountant - Vinyl Co.. " Bridgeport -
Cirrhesis i vomiting. Ceecal volvulus fouud, Bx cecopexy, ©1963-73 " 1956~73 .
over next 6 weeks pafa contianed with weak~ ;Accouncant - Plagtic’ .o ¢ Previously many,.
Portal ness., RUQ tenderac:s with 2 FB liveyr, Diagnoged ! Belt Co., 1936- 63 ;locations
R Fibrosis by needle binpsy on 1-15-73. Detcoriorated slowly JPreviously accountanc-_ S o
unti) death 31 days later. : other states |
*. .
S . . N . ’ L LN N :
3 §3 T Hepatice 12-19-73 1-22-74 Admitted 12-2-73 with short history of RUQ Housewlfe Stratford | )
Anplosarcoma . abdomiral pain radiatirg tc R shoulder. Rad Restnurnnt cook 35 yrs '35 years &
RUQ tenderness. Open liver blopsy 12-19-73 Lo e %
showed large tumor. No resectlion, Deterlorated
until death 34 day: jater. PR o
4 76 F Hepatie 3-12-50 3-19-50 1 month history of anorexia wlth ahdominal pain Housewlife .
Angiosiranma and back pain. Firm epigastric mans. Died 6 days = . .
after admission with carcinomatosis gnd pulmonary.- - ! '
eaboll.
5 300 i Hepatic - 5-4-73  Adaitted for abdomin.l paia aud janndice Fi{sherman’and carpen-
Angionarcona 3-27-73. 4 FB liver, Discharged. Readmitted .ter before 1359 Plas- 1923459 - - =
‘New York City

Z0S0-%
Q23S

4~29-73 with abd distensjon, pencral edema,
icterus, fever, shaking chiils, Napld dowm-
hill course with duath due to renal and hepa-
tic faflure. Past hucory of aleohol inzake.

" terer 1959- 60, Unca-"

S 11989730
01 . IS i Bridgeport’ °f
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Tabla 3C

OBSERVED DE#THS/ELPECTED DEATHS £HD QTAND.uDThnD MORTALITY RATI0S IN VINYL CHLORIDE WORKERS -
WITH EXPOSURE INDICES RZICW 1.5, BY DURATIOR OF EXPOSED EMPLOYMEKT

Farson-yanvs

Cause of death with I,C.D. number L60 months.cxposurf 260 months exposure
) obs/exp . SMR obs/exp samt
All czuscs 56/89.23 63?* - 132/7181.28 73%%
Tubaverniosis (N01-019) 0/1.41 0 0/1.97 -0
) ?u»urcuic"is of respiratory system (001-008) 0/1.31+) . O 0/1.85 ‘0
taliasnane n“opAnans {140-203) 8/12.86} ° 73 29/31.,46 ‘95
Maliguaat ncoplaeus, buccal cavity end pharynzx {140-148) £/0.45 . 1036 1/1.17 88
Kalirdunt neeplasxwy, digestive organs end peritoneum (150-159) 1/3.43° - 34 6/9.08 63
Mallpnant neoplasms, reapiratory system (160-164) 2/3.58 65 9/10.00 93
Malignant neoplasms, genltal ergans (170-179) 0/0.68 0 2/1.62 |-127
Halizncn: naoplesns, urinary organs (L30-181) 0/0.55 B ¢ 171,53 67
alignaat neoplasma, other and unspecified sites (190~199) -1/0.97 120 8/4.43 . | 197
Lcu:ﬂzia ard aleukeuls (204) 0/0.79 0. 1/1.40 | 713
Ly hossreona, lyanhatic and hema:onoie:!c tiscues (200-203,205) 0/1.286 .0 1/2.23 .| 46
Diabetea mallitus (269) S 201,15 203 3/2.50 - | 124
lizjor culdioaascular aad renal diseases (330-334, 400-468, 392 ~5%4) ".21433, 38 73%* 63/86.82 755
Vaccular leslons affecting Gis (330-334) ‘ 2/3.93 .| 59 5/10.51. 4o* i
Rhevrazic fever & chronfe theumatic heare dis. (400-402, 410-416) S 2/1.50 7+ 155 1/2.49 41
Artuerissclerotic heart discase (429) 16/21. 14 a8 52/52.87 | 93
Nonrhicuaatic emdcearditis (421, 422) 0/1.18 0. 7 0/3.,02° | 0
Hf,\.;\ﬂsive heart dicease (440-443) 1/1.58 74 0/3.9¢ Yo
thae hypertensive discase (444-447) 0/0.50 0 1/1.02 101
Chrende & unspecificd nephritis & renal scleronis (562-5%4) 0/0.97 Y 0/1.53 .0
Influcsze sud ‘prneumenla (483-493) 3/1.86 .188 2/3.95 52
Ulcar of stemach and duodenum (540, 541) v 0/0.68 0 /.53 67
tppendicitis (550-553) 0/0.15 0 - 0/0.24 o
liernia end {ntestinal obstruction (569, 561, 570) 0/0.27 ‘0 . 070,61 - 0
Cuatrizia, duodenltis, eaterfictls and colitis (5343, 571, 572) . 0/0.26 - -0 0/0.5L 0
Cirrhosise of liver (581) .1/2.80 42 1/6.09 .| '16
Iypevplusie of prastate (610) 0/0.05 ° N 0/0.20 . 0
Sytpteis, senllity snd Lll-defined conditions (782-795) 0/1 43 0 0/2.19 0.
All otiicr ¢iscaseés (reasidual) 4f1.45 63 10/12,92 79
rotor vehilcle geefdencs (810-835) 3/9.87 35 5/9:22" 56
Othar zecidents (600-302, B40-562) . 3/7.98: 44 - . . 8/9.85 83
Suteid2 (%63, 970-979) - /46:08, RE - '26/5.6‘ S e
lewicide (364, 980-985) 0/3.55 0 0/3 43 0
tinmber of workers S 17s ,m.2317 o
: 21418 .23920 "

‘5VR'r sdjusted for deaths with cauvse waknown.
’aignilicxnt at 5% leval,
“Sigaificant at 17 level.
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Table 3D

OBSERVED DZRATHS/EXPECTED DEATHS JHD STANDARDIZED MORTALITY RATIOS IN VINYL CHLORIDE WORKZRS
WITH EXPOSURE INDICES CF 1.5 OR GREATER, BY DURATION OF EXPOSED EMFLOYMENT -

<60 months exposure

260 manths expvsure

Csuse of death with 1,C.D. number
obs/exp surl ob3s/exp , .. MR
All cruses .28/47.93 | 79 119/7147.81{" g1%
Tunaveulosis (0CL-019) 0/0.76 T a “0f1.57
Tuberculosis of resporatory systam (001-0G2) . 0/0.71 L0 R TAN Y
Hallznant neoplasms (140-205) " 5/6.37 96 36/26.11
nstignant neoplasns, buccel cavity and pharyox (1606-148) - 0/0.23 ¢ T 0/0.99
Hallignont nocplaswma, dipestive organs and paritoncum (150-159) 171,67 - 76 11/72.47
urllignant neoplasms, respivatory syster (100-16%) - 1/0.79 71 "12/8.59
atignant neoplasns, geafcal organs (170-17%) . 0/0.2% Q -b/1.41
rallignant n2oplasms, urinavy organs (180-151) " 0/0.26 .0 L0/1.26
H-iignant naoplasms, other and unspecified sites (190-1929) 1/1.18- 107 <743.51
Liuheaia and aleunkeunda (2C4) 170.44 ‘288 RRYA R &
Lywzhosarcops, lysghatic and hemstopotetic tissuss (200-203, 205) 1/0.71 -178 -.4/1.84
Dinbitas mellitus (260) 0/0.61 6. | 272,04
¥ijor tardlovascular and renal digeases (330-334, L00-4068, 592-594) 7/16.54 - | 54| T62/70.45
Yovewlar lesions affeeting (NS (330-334) 271,87 '235 S 4/8.19
Tapumatle {ever & chronic rheumatie heart dis, (400-402, 410-416) 0/0.82 .| o0 242,04 "
Zvtuviosclarolic hoart disesse (420) - 5710, 41 61|, 46/47.65
LGenwheumatic endocarditis (421, 422} . 0/0.57 - 0. 1f2. 32-n
‘Ayrecrenaive heart disepse (450-4543) - 070,75 .0 2/3 Uk
Gulrer hypertensive discsse (645-447) 0/0.27 -0 ©2/0,81
Curnnle & unspecificd nephritis & cenal sclerosia (592-594) 0/0.54 - 0 L0f1023
Influza end paecumondls (680-493) 0/0.99 0 :'0/3.13
Ulner of stomach and duedenum (540, 541) 1 1/0.35 . 362 0/1.25
Avpendieftis (550-553) 0/0.08 -0 0/0.19 .
Hevada and fnteatinal obstruction (567, 561, S70) 0/0.14 0 "1/0 49
rascricla, duadenitis, enteritis and colicds {343, S?1, 572) 1/0.14 304 - 0/0 41
Citrhiosis of LMlwac (581) ° ‘ 0/1.56 L0 175,08
Muperplasie of prostate (610) 0/0.0). -0 Si0/0.13
Syauicad, .senllity and ill-defined conditicns (780- 7:5) 1/0.80 156 i 072, 30"
'1 ntlier discases (residucl) i 0/4.02 -0 -6/1L. 80
Mster vehicle accidents (810-835) 7/6.05 146 2/? 43 .
Othar accldents (B00-802, 840-962) v 6f6.73° 107 y142[7 96 -
Suicide (963, 970-979) CW 372,60 0 )18 ) fja/6l62
thedelde (984, 930-935) 142,18 1 T0ss ] 072,76 G
Koernber of workecs 1240 "
‘12828

Farsca~years

}%}3‘5 ad}us:ed for deaths with cauze urknown.
tigrlflcgnt at 3% level.:
hhutani fleant ut’ 17 levels
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SUMMARY OF TOXICOLOGICAL AND EPIDEMINLOGICAL STUDIES ON VINYL CHLORIDE

Table &

HUMAN_DATS

Tola
(1956)
Cham, abstract

Concrol: Other, clinlcally

healthy poople

Resules: (1) wan found in BOX of exﬁtl. people, bu:

'n none of concrols..

Most of + {indings were in people exposcd 2-5 yelta- .
In these cares,d-globulin is higher,d* globulin 1s%1’ .
lewar than people with no (1) in ucine. fanacity J
to wetobalize (1) decreased after 2 "oars.,“

EXPOSURE
Hrs.
. per Cone. Total Doge :
Auchiors Species Ssx  Wo., Davw Days PP ppm-Davs Observationg : Pathology
VYon Qettingen Human 12,000 Dangerous :
(1955) 1¢,000 Mavcosis .
25,000 Prodyced aymptons of dirziness, disorieatatien,
hesdache and buraing sensation on soles of feet.
Cobar Human 82 Workers exposed to DDT, Blood: Ducressa in catalase None reported
Mecca-Radu Beazens, Hexachlorocyclo- Increase in peroxidase, 1ndonheno]ox1dn<e I
¥anta hexcne, VC, PVC. ’ ard gluthazhione
(1962} ’ Changes vecurred during second year of work.
Chunm. dbstract .
Laster Huan 134 3 Tuwice per day -0 0 1/5 slightly dizey Ch
Craanburs F 3 for 3 days, 4,000 83.3 0/t had sy offccts ' None reported
AEAnS " 5 min. scasions 8,000 166.7 176 s1tghrly Jdizzy T T,
(2963) at 6 hours in~ 12,000 250.0 2/6 d;ftnic;]y dizzy
* tervala . 16,000 333.2 5/6 dizzy, tausea, blurred vision and henvins
symptoas stopped after exposure” .
20,000 416.7 6/6 {atoxicsted, one with persisteat hEadaches
532 lavel of no effect {a 1.3% o .
No statemunt abour repeated exposures - . :
Cnbor Human 18 PVC Vorkers Decreane plasma albumin . S
Radu Insreancd 5 and 8 gplobulin None reported
Prada Ducrueane 3u B/& [or serum lipoproteins o
hAbrudsan Doecraase in goraa cholinestarase
Juaaef Doerence (n pgeudo cholincrtcranh
Anch Wos a2 ploed eatzlase
CValgzhay Notaal goras pyruvis actd
{1984)
Chern. Abstiract
GrigoTasca lteiman Experimental: PVC Yorkers Hypothesis: VCili,0>chloral + chloracetic acld {1). : :Noqa reported

o,




HWHAN, BATA

i~
wr

L£060-¢
235

EXPOSURE
Hrs. Total * ‘
per Conc. Dose Pathology
Authors Species  Sex No. Oay Dava poa ppr—Days Observations . L : : ' L
Harrig Huzan 2 - - - - One worker had knee cap and toes )
Adans involved {n the acro-osteolysis.
(1967) Other worker only hands.
Wilzon lensn M 3T - - - - No cases of acro-ostealysis diagnosed in 1000 . 31/3000 (37) uorkmun assminr_ed ‘JQ i
HeCorialek individuals who hardled finished resin or L!sed polyrerlzation founds to Inve aero: “l}'
Tatua . for plastic product production ) osteolysis. : »-"i s
Creoeh P o ; ; :
(1947) Age ranpge of alfected workers 26~47. Incubation ,22/31 Acro-os:eolysls ns:mciated
period grester than 12 mouths of polyeleoning with Rcy'!aud s sumptoms,
experience. ) . . 1 .
Barcesa Hunan M 13 7.5 1 50 15.6 Breath decay curvas, 0 to 20 hrs. after exposure tione Reporced . ...
Steware 250  78.1 were measured. Level In breath at 4 hrs. 1s» o . :
Mutchlar 500 156.2 1%. No advuerse cffcats noted. About the . same set: - :
(1969) Coe of breath decay curves folleowing occupational i
exposure. ' :
Yudryaurseva  Human M 50 = - - - 1. Changes in ECG: frhythm, conductance; polarization None Reported., . .
{197C) F 43 2. laerease in syrtolic index. . . i i
Abstrace :
Vinla Human - 1 8 1095 Asro-osteolysis symptoms, Reyn:md s syndrome. CL Aerometry. . R
{1972} . aversion to fats, enlarged liver ) oy (vC) -on Ea;tory filters at air
Unpublished s 8 1825 Raynaud's uyndroue N © . .dlscharge times:-2' OO0 opM )
CF ey, . (VC) "at point oivrworker eatry:
15 - Enlarged liver, minor liver insufficiency.:: i 2,000 ppm in- plancs ‘where acro
o : : ' ‘ osteohfﬂs occurred 150 ppin .
500% . par C(max) In |1l.ml wl1l) ‘noy il::-x':wl-

*In several other factories

13/500 hint acro-osfeolysis, Otelaciory thres- -
told fx 0 ta 12,0 Acale detrvous Syuptdms becume
evident when 12 g easily perceptible.

v on AW Y et sehor p:rl* o
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HIZAN DATA

Hrs. Total
per Conc. Dose . . . . '
o _Spacies Sox Ne.  Day Days pen . ppm-Days Chsorvatinps : ) Pathology
Lieman S011 21,510 Haz-yesrs Experience Canditions assnciated with hand éleaning of . : 25 cases.'of acro-ostenlysis.’j
polymarlizers, . © 16 other individuals questiond
There appeated to be correlation ‘between reactor ¢ Acro-oiteolysis appears tc bag
degavsing time and acro-osteolysis. . ' systenic rather’ than loeal 2k
: : | disease.
. Reynaud's phencmewon was statdl
o : : o eieally related to acro- os:tole
. ‘ e L osis. o IR | F. 4 R o
Lo4an1 Euman H 4 1-23 Months All pntienta had worked as PVC reactor- vessel - Reynaud's phenomenon ancucud:4 '
: cleansrs ‘ 7 osteolytice lesiuns in all fourg .
Whizehouga Heg. Cf and Y balance in one subjec:. subjects. : ‘;*”
Nasre Plethysworraphic abnormalities were present in 18F scintiscons corru1ntth wlc
Migrnuaan ) 3 subjocts, . radiographic leslans, ;
(13731} . ) Esophigeal motility within normal limits. " :.No liver enlarggpenc or hypothy
: : Catacholzmine, ~Hydroxyindolse Acetlc Actd | rofidism. !
excretion nevnal. -
All other numerous clinical labora:ory anestigacions
negative, L . . Land pa(ella o
¥ S .
Kramer Jluman 3 98 ~Up to 25 years Performaed statistical correlation between several  'None reporced.
Mucenler . Experience . ’ clinival mensuraucats and total dose and time- ; Lo
(127}1) . . welgihited average VO concentration: N

t . T S Iy
2 liver function lndiccs ghow a positive corfelatipdf B
with toneal dese (2bnarmully high).. o
a) Tersrus Index :p

b} Breosulphaleln - : :

3 other indlees ave dose-telated buc ate not outside
normal limirs a) systoliec and diastollc bIngq ’




HENAN, DATA
EXPOSUKE S
Cone. Total Dose . ‘
AtLlters Specios Sex Hu, Hrs/Bay Days _ppm. . _ppmu-~days .. __ . .. DOBSERVATIOXS PATHOLOGY !
Neversnn Huwan - 1 Acroosteolysis M
Neier ’ ot ;
(1572) v Mad unigue papular skin i
Absgract - lesions which have been.. :
described only in PVC workers o
. - =
HE : ..
Human - - . Describes acroosteolysis- ’
neladald symproms. lovidence Ls <3X°. ;-
Fethivre amneng workers . Lynat
flerener ! - o . l
(i572) ; :
Abutrace
‘ e
z- i ; . e . !
~ : . . .. o . - Lot o .
Lty Humin - 1) Apes 29-52 Reavinr c¢leaners * latent perlnd:y15-3h years [
© in 11 patients; 7 and 11

T1180~¢
J3s

2-18 yrs. emplayment oo : ;
P years In other 2 patlents, .
Acro-osteolysls symptoms;
S Periphera) vessel stendsls.
- Thrombopeny {low count)is™ ;
the first wbjective’ symptom
described fn atl pattencs:
lung flhr(-“:ils vrginatlog in

peertal sestem, largerspleen,:

- impaired lung functions. ©°
o 10" avrtalityv, - fhls=l3 che’
flr=tl ohicl tive semptom’
dosoribed . . s
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SUMMARY OI' TOXICOLOGICAL AND EPIDERIIULOCICAL STUDIES OH VIN\L CHLORIDE

- * . I\NIMAI . UATA
ANTMALS EXBOSURE
: Conc. Total Ros2 . .
Authora Specicd  3ax  No. Rrs/day  Days PPD ppe=days Coservations Pathology
Yon Jectingen Cats WD ¥p HD Nb . ND HD VC ia promptly cxcreted by 1ungs. 822 13 eliminnted
(19:5) after inhalation stnpa
{Review 4rticle) . ' oo
Cats 8BS ND <4 1 : 100,000 to £1,200 lovd VC concentration reaches 15-17 mgX
130,000 . . .
Cats »L D <4 S § . 180,000 <30,000 This concentration causes same intra-auricular
’ : pressure reduction as 13,000 ppa dichloroethylene.
. 30,000 ppe ether |
Cats %D ND <4 1 ., 200,000 <33,000 Carciag fnsulf{ciency
Cats KD ND & 1 250,000 to<40,000 to Even this does noc produce comnle:e cnrdiac failure
300,C00 50,000 ’
Cacs D ND ND Nb ND . ND Blood 1vvcls are 40 mgX at time of cardinc atrest.
: 27-30 agX ot time of respiratory arrest .
Rabbits D ND 1 nin. 1 170,000 118 This {8 the narcotic concentration .
Dogs . : )
Mice ¥ ND i min, 1 : 86,000 to 60 to BY This ig the narcotic c0ncen:ration K
: - 123,000 A 3
Logs Lp ND <4 1 160, 0G0 412,000 Cardtsc irvegularities, ECG nhnormalitics e )
Daga ¥ ND 3 7. 10,000 &75 No majer change in 1iver.or;kidney ;
for . L i
suveral wks . P B ‘
Dogs N> KD 2 7 200,000 9,500 Murked galivntion, voniting, Eespiratory arrest
for R . LTI
several wks . I B ST
Hice KD ND 10 min., 1 245,000 to 1,700 to This 4s the lethal range for 10 minutes exposure :
0 . 295,000 2,040 .o i
O G. Plgs NO NG @ohort 2 200,000 to ND All ¥illied . t- ’
O time 400,000 ’ R .
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ANINAL DATA

EXPOSURE

ANTAALS
Conc. ,Tota], Dosne o .

Aurhors Spectus  Sex Ne. Wralday Days ppm _ppm-davs Obgervations Patholegy

Vep Dettlugen ! -

{1453)

Raswien Leoeiele *

Cont inucd t. Pigs KD WO 0.5-1 b3 100,000 2,000 to Dangerous to life.

. 4,000 . .
C. Plgs 'ND  ND  0.5-% 1 5,000 100 to Hiaiwer concentrations than th{s ‘cause severe
. . : 202 lung edeea and hyperemia of liver and kidney .
G, Pigs WD WD 0.5~} . ) ND Oxder of taxicity is: zarbon tetrachlorvide 2
. chloroform < V¥C=rechyl chloride - :

Mastronnt oo Mize WD 5 ¢.5 1 . 100,000 2,088 Seqguentia)l effects were: 1. {rrication, ‘. Mice: L% ght lung % .

Fisher 2. increased wotor activity, 3, tuitching, -engorgmm:._kidney,

Christie e 4. rremor, incoordinatioen,.S5. unconstious,i’. swelling: Aats nnd

6. dcep narcosis, All animals recovered 11\' ;6. Pigs:. sanme luns
o ) 5 miqures, ¢ - plcture o
‘Rats N S Q.5 ‘1 .

Chelstle G, I'ipa XD 5 0.3 b3 ' 1 ;

Danziyer . . '

(1960) ) oo , » : . o ;- . UL ay
Humber of eznimaly and duration © 200,000 4,160 1/5 mice died after 30 minutes, name’ " ‘Lung engorgement, ao
of espoture same a3 above - N synptacs as above but appeared sooner. . edema in all specfes.

Guinea nifs uwnateady for 20 min. after” .Cne rac had fa'tty liver.
Crposuty.
Nuobec of animale 2nd duration - 300,000 6,250 5/5 mdec and S/5 Tats died 1/5 zuincn Liver and- PidﬂG? L
of exvosure same as above pigs dledy 4/5 guinea pigs recove:ed in congcsted. rrachaal
v 28 minutes. ) . epithelive damaged
' Nusbor of sninals and duracion ) 400,000 8,230 2/3 guiacy plge died o e Same aympcoms, nore
of zxpexuse same as above T . L severe .Y
Toriiison (1} Ragx M 10 7 (5d/uk) 500 14,000 Grouth sad gross appoarance were noreal. - Central lobulnr liver’
F 10 7 (4.5M0) Livuribody weight vatio snd absolute 1iver .degeneration.

weight larger than control im males.
Liver Lody weight and abselute liver: .
wulght wot larger than control in Feralee®:
Plece AGUT, SCPT, SUN, alkaliae phosphatase
wetd nosmal, L

RE

. _.thnc,r cubular dmxge."
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