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Mr. John R. Lawrence

The Society of the Plastics
Industry, Inc.

] 355 Lexington Avenue

New York, New York 10Q1l7

—

) Re: Emplcyee Training Uncder 0SZEA Viayl Chlorice
Standard

Pear John:

The purpose of this lepter is to infcrm vou ¢f the
recent completion of a case involving the employee training
provisions of the Occupational Safety and Health Administra-
tion (OSEA) vinyl chloricde standard. As you may recall,

J in September, 1978, an OSEA insgector issued a citation
_ to Zocker Chemical Corporation. The citation noted Eccker's

lleced failure to provicde training con vinyl caloride Zc:c
employees who worked in the calendering, ccmpounding and
warehouse areas.

Zooker contested zhe citacion Zor its 2urlingzan,

New Jersey facilitv on tkhe tasis that emplcvees weriking

i these zreas were not recuired to tSe trained cn the nazards

¢f vinvyl chloricde. 3otk Scoker ané OSEA's moni:cring of t
‘ vinyl chleride in the calsander ancd ccmpound Zaciliziss iadi- S?
s cated cconcencraticns significantly Telcw the 0.3 zazszs cer e

million. (gom) ac=z=ion level. =
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Activity:

Scope:

Respdnsibility:

Status:

ANALYSIS OF OSHA's DEVELOPMENT OF
STANDARDS FROM 1974 TO THE PRESENT

To gather, review and analyze regulations
promulgated by OSEA since the VCM regulatién.
Primary emphasis will be to determine the
evolutionary changes in philosophy concerning
the exclusion of materials from the provision
of the standards'in instanceS'when'they’

contain low levels of regulated substances.
Safety, Product Responsibility

Promulgated :3gﬁlations have been gathered.
Initial analysis demonstrates that»for most
requlated carcinogenic substances, an
exanption'level exists which excludes the
application of the standard to residual

levels below that level.
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EXHIBIT VIII

BFG TECHNICAL DOCUMENT

A_PHYSICAL MODEL POR THE DIFFUSION OF VINYL CHLORIDE MONOMER
FROM PVC UNDER VARIOUS CONDITIONS OF STORAGE
M

B.7.Goodrich Chemical Company
Avon Lake Technical Center
P.0. Box 122

Avon Lake, Ohio 44012

August 25, 1975
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Activity:

Scope:

Status:

OPINIONS  OF INDUSTRY TRADE ASSOQCIATION (
COUNSEL AND BFG LAW DIVISION

.

To ascertain whether legal counsel can
recommend or approve.of removal of the
OSHA carcinogen label from PVC products

and, if so, under what circumstances.

We have received a written opinion from
Keller and Heckman (Counsel for SPI) that
under certain specifiéd conditions, labeliag
would not be required. It also appears that

the BFG Law Division concurs in that bpinion.

207 00LH6



———

[P

—3

_ = ___

—

; jp— -
—— —

e
| E———

Abstract
An empirical model, based on large scale laboratory experimental data,
has been developed to show the relationship between the amount of residual
vinyl chloride monomer (RVCM) in PVC resin and the concentration of atmo=
spheric vinyl chloride monomer (AVCM) under various conditioms of storage.
The variables studies in the experimental work leading to the development of
this model include temperature, time, ventilatiom rate, RVCM content of the

resin, mass/volume ratio and resin type (varying in porosity).

The results obtained from a statistically designed series of 24 exper-
iments show the interactioms of all the variables and permit (1) the effects of
the variables to be established and (2) the derivation of a model which permits

the AVCM levels to be predicted for any combination of the variables.

The developed model has been used to predict the AVCM level im BFG
warehouses ag Avon Lake, Louisville and Pedricktowm. We have found excellent
agreement between predicted and measured AVCM levels at these three locations -

and under a variety of storage comditioms.

Additionally, the model has been used to show that—uader less than the
most severe storage couditions, the OSBA action level will oot be exceeded
(500 ppb AVCM) when che RVCM content of the stored resin does not exceed 18 ppm.
Evenr-under. the most extreme storage conditicns the OSEA action level is aot

exb’é'éded«whegf::;_{:e» RVCM content c&:.b&:res‘in‘*!?&‘?‘ppg or-less.n.
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Activity:

Scope:

Status:

MODEL OF AVCM CONCENTRATION, PREDICTED FROM (
RVCM LEVELS IN PVC—EESIN' IN TRANSPORTATION

To model the transport of PVC resin under e

conditions which would result in the greatest

possible AVCM concentrations.

To establish the RVCM concentration which will
not result in the ekposurevof}workers to VCM
above the action level of 0.5 ppm averaged

over an 8-hour workday. .

A significant amount 6f monitoring data are
available from qur Transportation Department.
The data need to be gathered, reviewed,
analyzed'and supplemented, if necessary.

A réport needs to be generated, bésed on the
data, to reflect maximum RVCM concentration
in resin which would support removal of the
OSEA carcinogen label. Primary responsibility

for this activity should rest with R&D.

<O7C00<Z8
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Activity: MODEL OF AVCM CONCENTRATION, PREDICTED FROM i |
RVCM LEVELS IN PVC RESIN, IN THERMAL PROCESSING (

—3

Scope: To model the thermal processing of PVC resin
under conditions which would result in éhe

greatest possible AVCM concentrations.

To establish the RVCM concentration which will
not result in the exposure of workers to VCM
above the action level of 0;5 ppm averaged over

an 8-hour workday. ~ |

Status. _ Although they will likely be of only marginal
value, a significant amount of data are available
concerning the monitoring of customer facilities (
during the period from 1974 to 1976. Furthermore, ‘}
current BFG monitoring of process opefations includes,
not only the AVCM contribution from the thermal
process being monitored, but also background AVCM
contributed by our polymerization operatibns. A
report needs to be generated to reflect maximum
RVCM concentration in resin which would support

removal of the OSHA carcinogen label.
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I. Technical Obiectives

Our major objective in this work was to develop. a physical model for
the diffusion of vinyl chloride moncmer (VCM) from PVC resins and compounds
under various conditions of exposure during storage-and shipment. The critical

variables included in the modeling study are:

(1) residence time -
(2) temperature

(3) wventilation rate

(4) resin mamss/storage volume ratio

(5) RVCYM content of the resin or ccmpound

(6) resin or compound type (varying in porosity)

The developed model should be based on a statistically significant number of

- ——————

large scale diffusion experiments so as to show the interaction of all the-

above variables and to allow the prediction of AVCM levels for any combination

of the variables.

I1. Introduction T

-

At temperatures above the glass transition (Tg) p;int of PVC the solu~-
bility of vinyl chloride monomer (VCM) accurately follows Henry's law behavior
for VCM coatents up to 4000 ppm. This observation(l) has lead to a rapid,
simple gas chromatographic method for the determination of VCM in PVC from an
analysis of the vapor phase (head space) over PVC powders in a closed con-

tainer. The time required for equilibration between the vapor and PVC phoases

7 e o~ -~
,:,"L',( (l e O&‘

can be estimated based om recently reported diffusion data(z).
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III. Statistically Designed Experiments

Using COED (a time-share Computer Optimized Experimental Design program),
24 experiments were selected (see Table 1) to study the variables listed below
in an efficient manner and at the same time to describe their effects and
interactions on AVCM as accurately as possible. The variiblés and tHe ‘radgas —

over which they were studied were:

(1) Temperature - 7% < 115°F

(2) Ventilation Rate - 0.5 = 3.0 Turnovers/Hour

3) I.Aading (PVC Volume/Storage Volume) - 11 - 34%
(4) Resin RVCM - .01 - 123 ppm

(5) Resin Type - 102EP P-5; 103EP F-76; l03EP; ll0X334
(6) Dispersant Type - old technology; new technology
(7) Tioe - 1 - 170 Hours

IV. Experimental

A) Description of Model

In order to meet the demands of the statistically designed (COED)

diffusion study, the experimental phase of this program had to be capable of

controlling the following experimental parameters:

(1) temperature

.02

sk

(2) ventilation rate

LAY

(3) mass/volume ratio

The basic physical model that was chosen to meet these requiréu':en:s was one

based on sealed metal storage bins (55-gallon drums) housed in an environmental
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chamber where the temperature could be varied and coatrolled. A schematic
of the entire experiment is shown in Figure 1. The schematic is divided into
four key areas (A - D) which reflect the methods of ventilation, the sampling

system and the analytical methodology. These four areas are described in

Table II. Basically, the system was constructed in the following manner.
Clean, dry anitrogen (A) eaters the environmental chamber (B) through a split
manifold. The ten drums were piped into the two manifolds through ten flow
regulators. In this way, ventilationm rates could be independently set in
each drum. The exhausted atmosphere froui' the drums was directed to a sampling
system (C) that provided a split stream; ooe for vent and ome for sampling.
The sampling stream was interfaced to a gas sampling value/gas chromatograph/
data handling system (D). Sequential sampling of each of the drums was
pessible with this system. The envircomental chamber is a Conrad Model WD=-624
Temperature Bumidity Chamber with an internal volume of 938 cubic feec.™
Temperature control inside the chamber was + 2°C; a maximum exposure temperature

of 100°C is possible within the chamber. Photographs of the entire experi-

mental system are shown in Figures 2 - 5.

Apal cal Methodolo
In order to analyze atmospheric vinyl chloride monowmer {(AVCM), a flame
ionization gas chromatograph was interfaced to the sampling system through a
gas sampling valve. To avoid human error in data calculatioms, a dedicated
data handling system was interfaced to the gas chromatograph. Experimental

specifics relative to these two systems are contained in Table III.

FOTG.0

*
Conrad Inc.; 141 Jefferson Street; Holland, Michigan.
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Table IIX

Basic Description of Physical Model
(Refer to Figure 1)

Section Description
A inlet nitrogen purge gas; maximun flow

~ 20 liters/minute

B environmental chamber containing ten

alr-tight 55-gallon metal drums

c 55-gallon drum sampling system

D flame-ionization gas chromatograph/data

handling system

—~s -y
COTRC- 0O
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GENERAL LABELING REQUIREMENTS & EXCEPTIONS ‘

Export shipments of»PVC resins or compounds will not
normally be made if the product con;ains'more than 10 ppm
Residual Vvinyl Chloride Monomer (RVCM). Packaged Geon resins
and compounds meeting the above requirements and prepared for
export shipment shall not be labeled. Materials containing
higher RVCM levels than stated above can be shipped export only
on the approval of the Administrative Director, International
Department, each container of these materials, although approved
as stated above, must then be labeled with the required OSHA
statement. Pallet loads, not requiring the OSHA labels, will be
stenciled "For Export" on all four (4) sides of the top and -
bottom corrugated trays. If an export overwrap (Package Code 7 and
14) is required, stencil thevwords "For Export"” on all four
sides of the overwrap in the upper righthand corner. When
individual bags are shipped, stencil the words "For Export"” on
each bag. Do not label or tag "Export" shipments of Geon latex
packaged in drums. Stencil the words "For Export" on the side-
wall of the drum near the top.

All products marked "For Export" shall be stored in
segregated areas of warehouses. Appropriate signs must be placed
- in these areas indicating that the material has been prepared
for export; the signs must also display the OSHA warning label.

-2 =
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The following "exception" products should be labeled:

1. All dispersioh resins above (1) ppm will be con- N
sidered as in grade 6. Any of tr se mat: lals over one ﬂ
(i) ppm shipped domestically from our pla :s must have .
the normal.Marketing and Distribution approvals for this
grade prior to shipment. |

2. Hycar Acrylic Latex 2600X189 & 2600X228 should be
labeled according to procedure covering Geon latexes.
These are the only Hycar latexes that will regquire the
OSHA label.

3. The following products have been classified as Flexible
Geon Compounds and should be labeled: 8880-021, —

8880-288 and 8878-288.

20750023 .
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Calibration of the system was accomplished through the use of commercially

available standards (Precision Gas Sampling Corporation) and dymamic dilution

of those standards. A typical calibratiom (checked periodically) and a

" regression amalysis of that data is summarized in Table IV. This analysis

indicates good linearity over the range from 128 - 2000 ppb of VCM in the
atmosphere. The slope from the linear regression analysis was used as input
to the integrator/calculator in order to calculate all data. It is importamt
to note that as the sampling proceeded to a range outside of the calibratiom
range shown i{n Table IV, new calibrations were carried out to reflect these
different ranges. At t{o time was a calibration extrapolated beyond the exper=-

imentally determined range and used as a basis for analysis.

(C) Theoretical Diffusion of VCM in the Physical Model

It was necessary to check out the performance of the sSystem in terms

of theoretical diffusion. The main reasom for doing this was to provide a

final and independent check of the model, the sampling system and the analytical

systenm interacting together. It was further felt that this approach would lead

to a definition of any VCM system absorption (or Leakage) problems. The ab
initio derivation of the mathematical model which describes the build=~up of

a gas in a dynamic system is described below.

if:

Co = concentration of incoming air stream
C, = concentration in drum at any time (t)
V = volume of drum

M = flow into and out of drum

t = wminutes

0020
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GEON LATEX TANK TRUCK

All tank trucks containing Geon latexes shall be tagged

with a single trip service tag (approximately 3" X 5")

(BFG 16590A). These tags shall state:
POLYVINYL CHLORIDE
CONTAINS
VINYL CHLORIDE
VINYL CHLORIDE IS
A CANCER-SUSPECT AGENT

The reguired statement is in 3/8" high letters. The tags are

off-white with black lettering. The OSHA statement shall be

printed on both sides of the tag. Tags are supplied with eyelets

and wire ties attached.

One tag shall be tied to each loading hatch and to the

end of each discharge outlet.

Requirements for these tags (BFG 16590A) can be reordered
by using a Forms Requisition. This reguisition should be

sent to the attention of the Cleveland Forms Group.

-6 - ZOV\'C(}G”D
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GEON RESINS AND COMPOUNDS IN BAGS

It is necessary to label (or stamp) each bag, prior to
filling or shipment (in the case of filled bags), containing
designated produéts. The following label (or stamp) will be
used on each bag: '

POLYVINYL CHLORIDE
CONTAINS
VINYL CHLORIDE
VINYL CHLORIDE IS
A CANCER-SUSPECT AGENT
The OSHA sb;Eement is in 1/4" high lettgré. All label printing
is in BreG réé:on kraft colored pressure sensitive label stock.
Any packages shipped individually, as non-unitized loa&s, must
have one of the above specified labels.affixed to gggg_individual ‘
container. Hand stamps, containing the required OSHA statemedt ‘
in 1/4" high letters,vhave been supplied to the PVC producing
plants by the Warehousing & Packaging group. Hand stamping ink
will be black. These hand stamps may be used as an alternate
to labels. Stamping should be done, in a clear area, on the
bottom end of each bag where the product and lot identification
is located.
Reqﬁirements of labels (BFG 16591A) can be reordered by

using a Forms Requisition. This requisition should be sent to

-the attention of the Cleveland Forms Group.

- - 2072004 & )
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GEON RESINS AND COMPOUNDS IN (CT-200) BULK BOXES

One label (BFG 16591A) should be placed on each large
side panel (2 labels/box) to the. left of the Geon Vinyls logo
on specified Geon products. The following label is to be
applied to these boxes:
POLYVINYL CHLORIDE
CONTAINS
VINYL CHLORIDE
VINYL CHLORIDE IS
A CANCER-SUSPECT AGENT
The OSHA statement is in 1/4" high letters. All printing is in
BFG red on kraft colored, pressure sensitive label stock.
Requirements for form BFG 16591A can be reordered by using

a Forms Requisition. This requisition should be sent to the

attention of the Cleveland Forms Group.
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(5) storage time increases

(6) higher porosity resin is used. This latter effect
is significant only at early aging times

(1 = 24 hours).

Using the relationships described in the model, maximum RVCM resin levels
can be determined which will assure that AVCM levels will be less than 500 ppb
for a variety of storage conditions. (See Figures 8 - 12 which show the effects

of temperature, time, ventilation rate, loading and RVCM on AVCM.)

Assuming that 99% of the storage conditioms are better than the adverse
conditions [Temperature = 86°F, Ventilation = 0.6 turnovers/hour, % volume of
VCl containing material in the warehouse = 30%], the RVCM of PVC resin must be

-

o grea:er' thaa 18 ppm to assure that the action level is not exceeded.

If compound is sé_ored rather than resin; the RVCM of the resin going
into the compound can safely be 50 ppm. This applies to the following com=

pounds: flexible, rigid cubes, and rigid powder.

£ tbe 500 ppb AVCM action level must be met even under the most adverse
Storage conditions [Temperature = 105°F, Ventilatiom = 0.6 turnovers/hour, 35%
loading of a warehouse volume with VCl containing material], then the resin
RVCM must be no higher than 8.5 ppm. Resin going into compound can still be

50 ppm.

Pigure 13 shows how well the model predicts the.warehouse samples

obtained im April, 1975 at Avon.Lake, Louisville and Pedricktown. As the



MISCELLANEOUS PACKAGES & SAMPLES

We occasionally package small volumes of Geon resins,
or compounds in special Sags, boxes, fibre drums, etc. These
containers frequentiy contain no Company identification. Each
of these packages must be labeled:

POLYViNYL CHLORIDE

CONTAINS
VINYL CHLORIDE
VINYL CHLORIDE IS

A CANCER-SUSPECT AGENT
The required OSHA statement is in 1/4" high letters. This
pressure sensitive label will-normally be in BFG red (BFG 165S51A)
on kraft colored label stock; a kraft colored label with BFG -
blue printing (BFG 16592A) may be used if the prime container
Company identification is blue.

A label shall be nearly applied to each container.

These labels can be reordered by using é Forms Reguisition.
This requisition should be sent to the attention of the
Cleveland Forms Group.

PVC resins, compounds and latexes are frequently
distributed in sample (less than standard package) quantities.
Tﬂé inside containers must also be marked to comply with OSHA
regulations. If containers are large enough, labels as specified

.above, should be used. For small sample containers attach a

tag (BFG 16590A) as specified under the "Geon Latex Tank Trucks,"
- 14 -
0.200:3
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Fjgure L.
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INTRODUCTION:

Since vinyl chloride monomer (or VCM) was determined a carcinogen BFGoodrich

has successfully reduced the residual vinyl chloride monomer (or RVCM) content
of its resins and compounds. Despite this dramatic decrease in RVCM, BFGoodrich
has continued to put carcinogen labels on certain PVC products. However, better
tecimical criteria need to be established for carcinogen labeling of PVC
compounds and resins. To develop such criteria requires the determination of a
relationship between RVCM in the PVC and the ambient VCM (or AVCM) during
warehousing, storage ard thermal processing of PVC. This report presents the
data and relationship between resin RVCM and AVCM during transportation of PVC.

OBJECTIVES:
1. To collect relevant existing data on the transportation of PVC,

2. To simulate transportation of PVC under conditions which yield maximum
AVCM concentrations,

and, hence,

J. Establish RVCM content of resins which yield AVCM concentration of <.5 ppm
averaged over an 8-hour period.

CONCLUSION:

Using the herein derived minimum air turn-over rate of 3 per hour it can be
seen from Fig:: 1~ that providing resin RVCM is < 10 ppm the AVCM action level
concentration of ..5 ppm Wwill-not be ‘exceeded.
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. T2, Z.3
volved.

, & 1) To Iillustrate the formula pre-

or for the material in-

¢ 1bed {n subdivision (1) of this subpara- |

§ \ph. note that isoamyl acetate has an
8-hour time weighted average limit of
100 p.p.m. (tablc Z-1). Assume that an
¢ .ployee is subject to the following
i ¢ Josure:
i Two hours exposure at 150 p.p.m.
d Two hours exposure at 75 p.p.m.
$  “aur hours exposurs at 50 p.p.m.

¢ bstituting this information in the
tuvamula, we have

2X150+2X TS +4X 50

=8125p.p.m.
[ ] .

muace 81.25 p.p.m. is less than 100 p.p.m..
the 8-hour time weighted average limit,
’ t~e exposure is acceptable.
(2) (i) In case of a mixture of air con-
11 ninants an empioyer shall compute the
equivalent exposure as follows:
c, ¢ Ce
Bam et ., -
‘ L L La
waers:
Ea is the equivalent exposure for the
mixture.
i 2 is the concentrstion of a particular con-
¢ uinant,
L 13 the exposure Umit for that coptami-
mant, trom table Z-1, Z-1, or 2Z-3.

"‘;avﬂucotﬁ.shﬂlnocexmdumty

e

, (1) To illustrate the formula pre-
., Scribed In subdivision (1) of this sub-

naragraph. consider the following
! pasures:
Actual con-  $-hour time
cantration Weighted
Matertal of S-hour sversgs
‘ oEDOmIre ﬂbﬁﬂlﬂ

Acstone Table Z-1) ___ s0p.om... 1,000p.0.00.
2-Butsnone (Table Z.1). uo‘.o.m. . !no‘o.?n
Tolusne ( Table Z.2)..... ¥ p.pam.... 200 p.p.m.

abstituting in the formuia, we have:

R 00 45 40
Ba = s oo e o e
1.000 200 200
[ Ba =0.500+0.225+0200
é Ea=0928

Since E. is less than unity (1), the expo-
*we combination (s within acceptable
(¢) To schieve compliance with para-
graph (a) through (d) of this section,
administrative or engineering controls
ust first be determined and imple-
ented whenever feasibie. When such
watrois are not feasible to achieve full
compliance. protective equpment or any
~.her protective measures shall be used
) keep the exposure of employees to air
ntaminants within the limits pre-
seribed in this section. Any equipment
and/or technical measures used f{or this
urpose must be approved {or each par-
cular use by a competent industrial
~ygienist or other technucaily qualified
person. Whenever respirators are used.
their use shall comply with § 1910.134.

Table 2-1- Table Z~1~Continued

Substance p.o.m. mg./M? Substance p.p.m.e mg. M3
Aosaldenvre., 200 360 -heomium, sol. chromte,
Acrue acul. 10 pil cnromails salts as Cr.. as
Acriic -mumnde 3 2 . Metai annt insal. saits .. 1
Aectone. 1,000 2,400 . wosi tar mtch 7otutiles (ben.
AcetomitTUe L ... L] i . tene soluble (ractiont aichra-
Aortyiens dichloride. sse 1. 2- i cene. BaP, phenanthrene,

Dichlororthylene.. . .. oiiceieiiiaiieeennn...._achidine, chrysene, Dyrene...... cescens wen 62
Aretviene tetrabromude ....... { 14 i ..on.nn metal (uine and dust. at
Acroien.. at 0.28 | Jopoerfurfie.. .. ....... al
Aerviamule B U 18 ‘ usts and Mists... .. M
Aldnn=skin, . ...l PO 0.:8 Zotton dust trw) ... 1*
Allvi alenhoi=Skin. ........oe. 2 $ Srae® herhicide . ... L olieeeciinaian. 13
Allylertnntie. o0 ... ... 1 3 Cresol (ail samers) —3kin 3 =
C Allyigiyciavi ether tAGE)- 10 43 Trotonaidenyde............ . 2 [
Allylpropyl disuifide es 2 12 Cumene—3ian. ... 5 48
2-Aminocthanui. see Ethanol- “yanwde fas CN reeen -8

......... PPN Cyctohesane, 00 1,050
2 " yciowzanol. 0 200
8 Uy vinnesanone. 0 290
Cvelohetene 300 .ns
....... 14 Cyvinpeatadicns x
24 A 2§ 10
850 DOT-3kin... 1
Anjitne=3Skin 19 DOVP=3Rin cseseve t
Anmdlne 10, poignmere) —SEin ... .. oeeee.s 05 Decahorane—8kin.. .. [ %
ny ds Demeton® - Skan. . sescescescccensa a1
cresscsnszacaenanens as Dimﬂu:‘mlﬁl(‘-hydm:y- © 200
AN“N. |u phe nsphthyl t-methyi-2-pentanone) ........
&nn °. ............... s Gaa s &g I;zr-dhmn hl::!ﬂlf:; See
IC) Arsenic wmpoum ..... .thy amine............ comasmrcacn eceemesmancccas
A(\mn ! ecesae ' a2 Niazometnsae... ... a2 [
Aununu-mﬂhyl—Skm... ceeesescnesneane 02 Diborane. - [ 9§ al
Barium (soluble compounds)........ ns i semcecemrsan= ' s
Rmulnom. see Quinone. ... DALY BRGNP . ... . eieeeeaianennarenn s
Ly r‘c:l'm:‘“" eenie H CoD tene. 0 00

e o ore Dipheny p-Dichiorobenzene. . ... - b <0
g yi. see Diphenyl. TTeeee®® | Dichiorodifiluoromethane....... 1, 000 4. 950
e 8 1.3-Dichloro-3,5-dimethy
M4 . RYABALOMN ... ... .conmeneennanmnanncecnn a2

romine.......... L L.1-Dichiocoethane. . . 100 0
Rromotonn—3kin............. . 0.3 3 1.2-Dichlorosthyiene. .......... 20 90

t. }..... 1,000 2,200 C Dichloroethyi: ether—Skin. .. s %
Butanethiol. see Butyi mer- Dichicromethane, see
~ sesesssssascssscnssvasessfaccus * Teessece=wvas . )‘ﬂh'lﬂl'ﬂ“m .......

-Rutanene..... seeeene 20 0 Diehioromonofiuornmeth
2-Butozy stnanol (Butrl Cel- . 1.1-Dichloro-1

losolvey-3kin. . L] 40 1.2-Dichioropropane.

150 no Prooylcnnmhloﬂdc. cee
300-BUtyl aCrtals.cucecnvrenses. X0 950
tort-Buty! scotals. .ccecececeees X0 9% Dmmxm.
Buatyt sicohat 100 300 Dietaylamine ... ..........
s0c-Butyl alenfol.-...uueneneeas 1% (%0 Diethyiamuro ethanol-=3kin.
tert-Butyl alechol. . ... 100 200 Dietnylether, sce Etnyl echer
C Butylamine=Skin._.......... 3 18 Diftuorodibiromamethane.
C tert-Buty! chromatet(as C Dietyardyi ether (DGE).

CrON = RIN, cone . voeerraneeraanoressoanes a1 | Dihydrozybenteus, see
n-Butyl giyerdyl sther (BGE).. 0 F) D‘ljlyamumont.. weisvesadesavansarcaananiianin s sy

MEFCAPtAR -+v-scscsccscses 10 3 s 20
?&m-amﬂum...-... ..... 10 ]
m l P T X R R Y P L b ]
Caletum oxide........cccnvcaconnocceascencs $
c 2 10 7Y
Carm™ryl (SevIN®)ecccvancerceiarsonnccocas $ om"mmooonum. see
Carbon dlark . 13 ylidene. . sessessssmnsnueracansessanan
C 9,000 Dlmﬂ.nynnmm(‘ldlmuhyl- °
C L L 1T T, 1] )
63 Dimethyibenzene, 56¢ Xylen, ooeeencasaconnassvsvsavas
a3 Dimetny) 1.2-dibromo-2.2-di-
[ 3] chioroethyl phosphate,
3 (DIDPOMI e en. . o e ceiarauncransnsscosen 3
6.3 Dimethyiformamide—3kia. ... 0 E
[f C.’ﬂonm triftuonde. 9.4 26 Dimetnyihcotanone, see
cc hyd L 3 Dimobuts! ketone, cavavazazeverassetmrasas
a~Chioroacetaphenons 1,1-Dimethyihydrazine—S! 1
(phenacyichionidel. . . ...a... a8 a3 Dimethyipnthaiste. . FORR s
( - Dimetnyisaltats—Skin......... 1 s

5 s x Di fall
oChicrodentytidene Skia_......... eseesssesscascansenan 1

maionemtnie (NC cesenee 0. 05 G4 Dinitro-o-cresol—3kin.. .. a3
Chlorobrmmomethans.......... 200 L, 040 Dinitrotolyene~Skin. . ... .3
Chinrn-i.3-butadiene. 3¢¢ Diozane {Disthylene dionide)—

Chinrnorene. ... .....c..cven eececescmcananan ceeveranan Ski 100 " 3
Chinendinnenvi (42 dercent o 1

[T TTT TR 12T L cecenanes i Dmmnmunano ‘diisocy nate
Chiarndioheny! (54 percent sae Methylene nisphenyt

CHOANS) =3KIM. ... .cnimennacacccenan &3 soeyanate (MDD .. liiaeae vesesreenanaaan celeman
1-Chiarn, 2. 3-+OntyDropane, see Diprooyiene clycoi methy!

Emcnwn)nrm R ceeemecucscann seherseskin. .. ..., 100 S0
2.Chiatoethanol, ses ELRY Di-see. oety! phmalu

chiornhydrin......... ethvibexyviDhtnaleled .. .coivavernnnenennn
Chlarnethylens, see Vin EAnem —SKIN ... vreiesmnacecamensnean R

chlunde ... Enwehlerhydna-3ian s 4]

C Chrrolorm (tnehioco- E!‘N—okm..... e *

MeLANe) . oo eniaaes ! 12.Fpotyurupane, see
1.Chiarn. L.mtroorocans. 2 00 | YIENEOKICL . . . oevcccsercsnrrmsannsocnaccoscssonnn
Thloroimena.. ieseacsncs [ Y X7 L3-Fpoxy-l. propnnol.

Chlaroprene (2<hiore-1.3- Giyewol....... . ceevaresiuestiiiecaccanaaes
butadiene)—Siint....... ] 0 ' See footnotes u: e'.\d ‘of tadle.
-
<07C00CI9
Occupatianal Safety & Hegith Regorter {Sec. 1910.1000, Tadle 2-1! 18
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2 Analysis of Model Variables (Coat'd)

2.3 Truck loading (L)

Equation (:) shows that, as might be expected, increased truck loadiag
produces higher concentrations of AVCM. In-discussions with transporta-
tion experts the assumption was made that 80% loading is the maximum that could
be expected, In this study, therefore, the truck loading was set at 80%.

2.4 Ventilation rate (V)

Ventilation rate as measured by air turn-over/hour cannot be readily
ascertained for a truck since it is dependent on numerous factors e.g.
truck's material of construction, designof truck speed at which truck is
traveling, and climatic conditions. However, an effective air turn-over
rate can be calculated from Equation if actual AVCM data measured
inside the truck were available. Kruszynski 2,3) and smith(%) have reported the AVCM
concentrations inside the nose of a trailer immediately upon opening the
doors, as well as immediately after a trailer has been unloaded. As can
be seen from Table 1 AVCM concentrations did not exceed the action level
limit for those cases where the samples were taken upon opening the doors.
However, data where bag was broken and resin exposed did exceed the limit.
Since this is the highest AVCM concentration reported, it was used in
calculating the effective air turn-over rate. As shown in Appendix 1 the
minimum effective air turn-over rate is approximately 6/hour. However, to e’ ure
greater safety margin simulations were carried out using 3 air turnovers/hour.

3. Discussion of Results

With the variables fixed at levels given in Section 2 , Equation () can
be solved to predict the resin residual VCM (RVCM) which would produce AVCM
concentration below the action level limit of .5 ppm, However, one of the var-~
iables, the transportation time, cannot be ascribed a definitive value, and a range
of values (4-72 hours) were assumed. Fig. 1 shows the relationship between the
resin RVCM and the AVCM concentration inside a truck at 4, 24 and 72 hours.
As can be seen from Fig. 1l the AVCM concentrations do not exceed the action limitc
of .5 ppm provided the resin RVCM content is below 10 ppm. It should be
emphasized that Fig. 1 has been predicted using conditions which deliberately
maximize the AVCM concentrations. inside a trailer transporting PVC resins.
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CONCENTRATIONS INSIDE A TRUCK AS PREDICTED BY
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MODELING OF VCM CONCENTRATIONS DURING THERMAL PROCESSING OF PVC

R
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INTRODUCTION:

OBJECTIVES :

” | coNcLUsION:

Since vinyl chloride monomer (or VCM) was determined a carcinogen BFGoodrich has
successfully reduced the residual vinyl chloride monomer (or RVCM) content of its
resins and compounds. Despite this dramatic decrease in RVCM, BFGoodrich has
continued to put carcinogen labels on certain PVC products. However, better
technical criteria need to be established for carcinogen labeling

of PVC compounds and resins. To develop such criteria requires the determination
of a relationship between RVCM in the PVC and the ambient VCM (or AVCM) during
warehousing, storage and thermal processing of PVC. This report presents the data
and relationship between resin RVCM and AVCM during a thermal processing opera-
tion of PVC.

l. To collect relevant existing data on the thermal processing of PVC,

2. To model a thermal processing operation under conditions which yield maximum
AVCM concentrations,

and, hence,

3. Establish RVCM content of resins which yield AVCM concentration of < .5 ppm
averaged over an 8-hour period.

Using the herein derived minimum air turn-over rate of 5 per hour it can be seen
from Fig.-~2~that providing resin RVCM is £ 32 ppm the AVCM-action: level. concen-*
tracion-of- .3.ppm. will. not be exceeded,
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1.

MODEL DEVELOPMENT (Cont'd)

However, the density of VCM changes with the inside temp. T. Using the ideal
gas law the V(! density is given by

Pyom = BM/RT,  eme—- ®

where P is the pressure (= 1 Atm),
R is the gas constant (= .7302),
T is °R,
M is the molecular weight of VCM (= 62.5).

Substituting equations 4,5 into<:) gives the volume of VCM inside a building,

i. e.

Vo = 8(RVCM X 10-®)fWpye X RT/M e ®

Let V, be the volume of the air inside the building. (= volume of building V)

If the number of air turn-overs inside the building is Np/hour then the total

volume of air over an 8 hour period is given by

Substituting @»@ tnto @ ———>AVCM = 8(Rycy X 10-6) fipyc * RT
' 8NV  62.5
On ppm basis this becomes,
AVCM = (Rycp) (Wpye) £RT/ (NpV  62.5)., ——— (8

‘To solve >equation requires quantification of each of the variables. This

is'discussed in the next section.

2.2

ANALYSIS OF MODEL VARIABLES o
2.1 PVC Processing Rate (Wpyc) I
Since PVC processing rate is related to the volume of building (V,) the two At

- #

variables have to be quantified with respect to one another. In accordance !
with the pnilosophy of emsuring highest levels of VCM in the air and, hence, Q
greater safety margin the approach taken in this study was to maximize PVC

rate and minimize building volume. After consulting with thermal processing
experts (J. Summers and G. Small) the building dimensions were assumed to be
25X40X100 ft. and PVC processing rate of 2000 #/Hr. This is equivalent to con-
tinuous running of almost 3 extruders over an 8 hour period in a small building.

Ambient Temperature

Inspection of Equation shows that to maximize AVCM concentrations inside
the building the ambient temperature needs to be maximized. Although the am-
bient temperature will depnd on the geographical location, type of building etc.

it is safe to assume that temperature will have to be tolerable. Allowing for
each of these factors 90°F was selected as rhe amhianr 2ir eamammano.—-












