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1. INTRODUCTION

This chapter presents the background of the economic impact study of the proposed OSHA standards
for vinyl chloride, the study methodology, and the organization of the report.

SNELL'S ASSIGNMENT WAS TO ASSESS THE ECONOMIC IMPACTS RESULTING FROM THE COST
TO INDUSTRY FOR MEETING ALTERNATE STANDARDS FOR WORKER EXFOSURE TO VINYL CHLORIDE
MONOMER (VCM) IN THE VCM AND POLYVINYL CHLORIDE (PVC) MANUFACTURING INDUSTRIES

On January 22, 1974 the Occupational Safety and Health Administration (OSHA) was informed by the
National Institute for Occupational Safety and Eealth (NIOSH) that the B.F, Goodrich Cheniical Company reported
that death= of several of its employees from a rare liver cancer (angiosarcoma) may have been occupationally
related. As a result of this information, subsequent epidemiological studies and a fact finding hearing, an
Emergency Temporary Standard (ETS) was promulgated by OSHA on April 5, 1974 detailing preliminary
regulations on worker exposure to VCM (50 ppm ceiling exposure limit) .

As required by law, six months after the issuance of an ETS a permanent standard must be formulated
and approved. Therefore, on May 10, 1974 OSHA published a proposed permanent standard which included
"no-detectable limit". .

To aid OSHA in carrying out its standard setting mandate Snell was assigned to prepare this report
dealing with assessing the economic impacts of alternate standards for worker exposure to VCM in the VCM
and PVC manufacturing industries. The alternate standards investigated are: :

50 ppm ceiling

25 ppm ceiling

25 ppm 8-hour time weighted average (TWA) with a 40 ppm ceiling
lower TWA (s) with a ceiling

"no-detectable" proposed permanent standard

The study is limited to U.S. production of VCM and PVC,

Exhibit I-1, on the following page, is a self-explanatory summary of the scope of the Snell study.
I-1



EXHIBIT I-1
U, 5. Department of Iabot/Cccuparional Safety
and Health Administraton
THE SCOPE OF THE SNELL STUDY

Primary Emphasic Secondary Requirements ’ Deliverables

Deliver preliminary report on
the 50 ppm, 25 ppm and "no
detectable” cases in 7 weeks
Concentrate on PVC manufacture (approximately Include a study of VCM manufacture lstarting on July 11, 1974 on
807 of level of effort) (aporoximately 20% of level of effort) 23 August 1974 )

Assess the economic impact of VCM
regulation on VCM and PVC manufacturing

Investigate the following alternate standards
Present draft final report in

- 50 ppm ceiling 11 weeks (13 September 1974)

~ 25 ppm ceilin&!
25 ppm TWAS)yith 40 ppm celling
lower TWA(s) with ceiling
= “no detectable ' level ‘
- estimates of the tme table
Emphasize key regulatory considerations Include secondary regulatory conztderations D required in each of these
* evaluations for ~ffecvive
implementau

* Kev deliverables are

engineering and wortk practices medical survefllance costs

use ol personal protective equipment record keeping costs

environmental and personal monitoring covered workers .. Inthe near-term, 6 months

assembling of exposure data regulated areas . ‘ . 1o one yeir

restdual monomer levelt in PVC in the longet-term, 2 ysars
or more

estimates of the costs of
achieving the varous levels
of VM controls evaluated

assess ment o economic impact
on the basis of techuical
feasibility, dming and costs

(_1) Other regulatory considerations include, for example, emergency situations and signs and labels, but were not {néludcd in the scope of Snell's work,
All the rerulatory considera-ions assigned for study ar: iisted in the Exhibi:, -

2) TW/ = Time weigated average




THE REPORT IS ORGANIZED INTO TWQ PARTS

The report conclusions and recommendations are presented first supported by detailed appendiceé.

(1) The First Part Of The Report Presents The Findings Of Economic Impact Together With Recommendations

Part One includes the following outputs:

Chapter I - Introduction. This chapter summarizes the problem, the
scope of the study and the organization of the study.

Chapter II - Methodology. This chapter presents the Snell study methodology.

Chapter III - Industry Structure. This chapter presents data on

- members of the VCM and PVC producing industries
- location of plants
- marketing and base-line economic data.

Chapter IV - The Technology of the Industry. This chapter describes the processes
of VCM and PVC and includes :

process description and flow diagrams for each major process
representative operating procedures

Chapter V - Findings. This chapter details the major findings related to economic
impact emphasizing technical feasibility, timing and costs based on aggregating
individual company data to the industry level, :




Chapter VI - Gonclusions. The conclusions are presant'ed as a function of
various VCM levels and include

technical feasibility particularly in relation to the emphasized
regulatory considerations studied, including

engineering controls

work practice

personal protective equipment
monitoring

- timing
- costs

Chapter VII - Recommendations. The rrcommendations presentéd in this chapter
give heavy emphasis to technical feasibility and timing. . ' ,

(2) The Second Part Of The Report Presents Detailed Study Documentation (Appendices)

This part of the report is comprised of seven self-explanatory appendices and supports
the material in Part One.

Appendix A - Detailed Process Description and Procedures
Appendix B - Exposure Data

Appendix C - Cost Details

Appendix D - Personal Protective Equipment and Hygiene
Appendix E - Monitoring Equipment

Appendix F - Medical Surveillance

Appendix G - NIOSH Recommendations to OSHA

L] "

This chapter presented the scope of the study and the organization of this report. The following
chapter details the methodology used by Snell to carry out the study.

I-3
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II. METHODOLOGY

This project was carried out as a rapid response study. The timing of the ¥eport was such that on
August 23, 1974, seven weeks from the start of the study, this preliminary report was subm1tted to USDOL/OSHA
for inclusion into the public record. The preliminary report features

Fact finding, such as field visits and telephone interviews including
recontacting of parties for data clarification.

Preliminary analysis of regulatory scenarios including

- "no-detectable" vinyl chloride monomer (VCM) levels
- 25 ppm levels

A final report draft is to be submitted by the end of the 11th week of the study (September 13, 1874) .

The methodology used by Snell in fulfilling the work requirement was to perform the study in several
major tasks described below. All exhibits are presented at the conclusion of the text of this chapter.

PLANT AND INDUSTRY VISITS WERE A PRINCIPAL MEANS OF INFORMATION GATHERING

During the course of the investigation, Snell team members made 29 industry
visits. The vinyl chloride and polyvinyl chloride industries consist of 30
producers and 53 plants. These visits involved either day long technical dis-
cussions in their engineering and production offices or detailed plant tours.

Exhibit II-1 presents the plants, location and purposes of these trips. These
trips were comprised of

- 22 plant visits
- '8 visits to corporate engineering offices.

1I-1




2. INDUSTRY RELATED ORGANIZATIONS, GOVERNMENTAL AGENCIES, EQUIPMENT MANUFACTURERS,
AND SPECIALISTS WERE VISITED TO SUPPLEMENT INFORMATION OBTAINED FROM PLANT VISITS

Ir order to gain a broader view of the technical feasibility and necessary costs,
personal visits were made to recognized experts in the areas covered by the study.

Exhibit II-2 details the organizations, governmental agencies, and equipment ‘
manufacturers visited and the types of information obtained. These visits included

- "4 visits to government agencies
3 visits to industry organizations .
4 visits to equipment manufacturers or technical specialists

3. A TELEPHONE SURVEY WAS CONDUCTED OF MANUFACTURERS OF MONITORING EQUIPMENT, .
RESPIRATORY DEVICES, PERSONAL PROTECTIVE EQUIPMENT AND PROCESS EQUIPMENT

The purpose of this task was to cbtain detailed information covering costs,
availahility, and technology. Information was ohtained hoth directly through
the telephone survey and the brochures and catalogues sent to Snell as a
result of the conversations. |

Exhibit JI-3 details the manufacturers interviewed during the telephone survey.
Calls were made to

- 13 monitoring equipment manufacturers

- 7 manufacturers of respiratory equipment

- 8 producers of protective clothing \
- - 8 processing equipment manufacturers or designers
G
Z
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THE SNELL INFORMATION CENTER STAFF CONDUCTED A LITERATURE SURVEY. TO IDENTIPY AND
OBTAIN BACKGROUND INFORMATION ON AREAS RELEVANT TO THIS STUDY

To obtain an overview of manufacturing processes, pollution problems, marketing,
end-use products, and possible protective devices, etc., a survey of the following
journals was performed: .

Hydrocarbon Processing - 15 years
Modern Plastics - § years

Chemical Marketing Reporter - 3 years
Chemical and Engineering News - 3 years
Chemical Engineering - 5 years
European Chemical News - 3 years

Standard chemical reference texts such as the Encyclopedia of Polymer Science and
Technology and the Kirk-Othmer Encyclopedia of Chemical Technology were also
researched to obtain more general intormation,

Chemical Marketing Abstracts and Chemical Economics Handbook were used for basic
industrial facts.

THE STUDY METHODOLOGY EMPHASIZED THE PARAMETERS DEFINED IN EXHIBIT I-1, IN THE
INTRODUCTION CHAPTER

The methodology described in the above points was employed to determine and define the scope of
the following parameters:

Profiling of industry structur & and processes




Definition of the number of workers potentially exposed‘to VCM considering

- . job description
- unit operation
- potential exposure to VCM levels

Determination of costs and means of controlling exposure levels through enginearing
controls and improved work practices with particular attenti a to:

"buttoning-up" of plants
ventilation

operation

maintenance

monomer levels in the polymer

Investigation of further methods and costs of protection through the use of
personal protective equipment beyond controlling exposure through engin-
eering and work practices. .

Development of a technical and economic information base for personal, and
area monitoring and leak determination equipment.

Isolation of infrrmation regarding:
medical surveillance costs
record keeping costs

covered workers
regulated areas

T e oo N ORI bt




Detailed methodology is presented as footnotes to exhibits, textual reference
or material in the appendices.

6. AS DIRECTED BY OSHA THE STUDY DEALT PRIMARILY WITH PVC PRODUCTION

Approximately 80% of the level of effort was devoted to PVC production. Discussion Pmphasis in
subsequent chapters reflects this.

7. FURTHER WORK AFTER THE PRELIMINARY REPORT WILL ADDRESS THE ZvALUATION OF EXPOSURE
" LIMITATIONS BETWEEN THE "NO DETECTABLE" AND 25 PPM CASES, GENERAL DATA REFINEMENT
AND FURTHER EVALUATION OF DEVELOPMENTAL TECHNOLOGY

This section indicates the topics to be further expanded on in the final report. These topics include:

An analysis of case(s) representing potential exposure limit(s)
between "no detectable" and 25 ppm. (The preliminary report
deals with the 50 ppm, 25 ppm and "no detectable" cases).

Data refinement where indicated in the body of the preliminary report
The 35,000 gal. reactor technology

Polymerization cycles and reactor cleaning
Monomer stripping
Carbon absorption

General RED
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WHERE THERE WAS A QUESTION AS TO THE POSSIBLE PROPRIETARY NATURE OF INFORMATION,
DATA SOURCES WERE CODED .

The elements of each coded plant designation are as follows
Random leading number only for VCM plants

Random leading number - PVC plant capacity -~ PVC plant age - PVC plant siting
for PVC plant .
§ = small, less than 100 New =to 10 yrs,. . L = cold climate
milljon 1bs,

Int, =11 to 20 yrs, W = warm climate

M = medium, 100 to 200 .
million 1bs, Old = over 20 yrs,

L = large, over 200 million lbs,

+

Exhibits featuring the code refer back to this page for meaning of the elements
of the code.

s *

This chapter detailed study methodology. The chapter that follows presents the preliminary findings
and conclusions.
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EXHIBIT II-X1)
. USDOL/OSHA
VINYL CHLORIDE/POLYVINYL CHLORIDE
PRODUCERS VISITED' AND INTERVIEWED
BY PHONE BY SNEIL STAFF FOR DATA
GOLLECTION

Firm or Organizavion Visited Purpose of Visit

Alr Products, Inc, Technical and engineering data collection on PVC
Valley Forge, Pennsylvania

Allied Chemicals, Inc, Technical and engineering data coliection on VCM

Corporate H,Q,
Morristown, New Jersey

Amercan Chemieal Co, Plant visit on VCM and PVC
Long Beach, California

Conoco .
. Comporate H.Q. Saddlebrook, New Jersey Technical and engineering data collecton
. Oklahoma City, Oklahoma Plant visit on PVC

.

Diamond Shamrock Technical and engineering data collection on PVC
. Corporate H,Q. Cleveland, Ohio

. Delaware City, Delaware Plant visit

. Deer Park, Texas Plant visit

Dow Chemicals, Inc,
. Oyster Creek, Louisiana Plant visit on VCM
. Freepcrt, Texas Plant visit on VCM

Ethyl Corporation
Baton Rouge, Louisiana Plant visit on VCM

Firestone Tire & Rubber Co, Phone interview on PVC
Akton, Ohio '

General Tire & Rubber Co, Plant visit on PVC
Ashtabula, Ohio

o AT A e A b A G e e s B T e e b e




Firm or Organizaton Visited

B.F. Goodrich Co.

. Corporate H,Q, Cleveland, Ohio
. Calvert City, Kentucky

. Long Beach, California

. Louisville, Kentucky

. Pedricktown, New Jersey

Goodyear Tire & Rubber Co,
Niagara Falls, New York

Great American Chemical Co.
Fitchburg, Massachusetts

Hooker Chemical Corp,
Florence, New Jersey

Monsanto
Springfield, Massachusetts

National Starch & Chemical Co,

Corporate H,Q. Plainfleld, New Jersey

Olin- Thompson Plasdes
Assonet, Massachusetts

Pantasote
Passaic, New Jersey

Robintech, Inc,
Painesville, Ohio

Shell Ofl Co,
+» Corporate H. Q. Houston, Texas

» Deer Patk, Texas :

Stauffer Chemicals
Declaware Clty, Del,

Tenneco
Burlington, New Jersey

EXHIBIT 11-1(2)
" USDOL/OSHA

Purpose of Visit

Technical and engineering data collecdon
Plant visit on VCM
Plant visit on PVC
Plant visit on PVC
Plant visit on PVC

Plant visit on PVC

Plant vint on PVC

Plant visit on PVC

Phone {nterview on PVC

Technical and engineering data collection on PVC
Plant vidt on PVC

Plant visit on PVC

Plant visit on PVC
Technical and engineering data collecdon on VCM
Plant visit on VCM )

Plant visit on PVC

Plant vistt on PVC




) EXHIBIT 11-1(3)
", USDOL/OSHA
Firm or Organization Visited

Purpose of Visit
Union Carbide, Inc, Technical and engineering data collection.on PVC
S0, Charleston, West Virginia )

Uniroyal Chemical Co,

Plant visit on PVC
Akron, Ohio

Source: Snell
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EXHIBIT I1-2
« USDOL/OSHA
GOVERNMENT AGENCIES, INDUSTRY ORGANIZATIONS,
AND EQUIPMENT MANUFACTURERS VISITED BY SNELL
STAFF FOR DATA COLLECTION

Government Agencies

U.S. Department of Labor General data collection and attend hearings

Washington, D, C,

Natlonal Institute for Occupational Safety and Health Discussior. un medical, monitoring, and protective equipment

Cincinnad, Ohio
Environmental Protection Agency General data collection
Washington, D,C. and Research Triangle Park, N,C,

U, $. Department of Commerce Industry marketing data collection

Washington, D C,

Industry Organizations ' .

Manufacturing Chemists Association Discussions on technical feasibility and marketing data
New York, New York

Crganizational Resources Council, Inc, General discussion

Washington, D,C,

Society of the Plasdcs Industry Discussions on technical feasthility

New York, New York

Equipment Manufacturers, Medical Laboratories, Industrial Consultants, Etc,

The Pfaudler Co, - Div, Sybrou Corp, ‘ Discussions on polymerizers and other technical questions

Rochester, New Yotk (sole U, S, suppliers of glass lined equipment)

Dfagnosdc Sciences, Inc. - Ivan K, Smith Medical surveillance data collection
Morrls Plains, New Jersey )

Tec« Air, Inc, = David Metal Protective equipment data collection
East Northport, New York

Hman Motivation Resources - Joel D, Schaffer Safety program data collecton
Morrs Plains, New Jersey

Source: Snell




EXHIBIT 11-3 (1)
USDOL/OSHA
FIRMS CONTACTED DURING THE SNELL TELEPHONE
SURVEY OF EQUIPMENT MANUFAC TURERS

Monitoring Equipment Manufacturers

AID Hewlett-Packard Co,

West Chester, Pennsylvania Avondale, Pennsylvania
Bacharach Instrument Co, Microchemical Specialties Co,
Pittsburgh, Pennsylvania Berkeley, California

Bechmann Instrument Perkin-Elmer .
Fullerton, California Norwalk, Connecticut

Bendix Corporation Anatole J, Sipin Co, .
Environmental Science Division 386 Park Avenue, S,
Baltimore, Maryland New Ynrk, New York

Byron Instruments, Inc. Varlan Association
Raleigh, N.C, Palo Alto, California

Carle Instruments Wilks Scientific
Fullerton, California Norwalk, Connecticut

Century Systems Corp,
Arkansas City, Kansas

Respiratory Equipment Manufacturers

Bausch & Lomb Survive=- Alr
Rochester, New York Santa Ana, California

Mine Safety Appliances Welsh Scientific, Inc,
Pittsburgh, Pennsylvania Providence, Phode Island

Minnesota Miring & Manufacturing, Inc, Willson Praducts
Minneapolis, Minnesota Fennsylvania

Scott Aviatian
South Haveu, Michigan

'?I’:F'(:r‘“‘-"?’\.\;'.""lf,-i"i":C‘-‘“‘.}“*‘T--“’"‘q S Bl e L e L - . LA R l,i«*’bq}miﬁ'&@ﬂw‘?- ¥




.

<
[
CR
<D
e

Protective Clothing Manufacturers

Arrow Disposables, Inc,
Cincinnatl, Ohio

E. I, Dupont de Nemours
Wilmington, Delaware

Durafab
Cleburne, Texas

Processing Equipment Manufacturers

Crawford and Russel, Inc,

(Design Engineers)
Stamford, Connecticut

Dresser Industries
(Compressors and Vacuum Pumps)
Connersville, Indiana ‘

Durion Company, Inc,
(Valves and Pumps)
New York, New York

Fluid Handling System
(Viking Pumps)
Secaucus, New Jeney

Source: Snell

EXHIBIT II-3 (2)
USDOL/OSHA

Edmont-Wwilson
Coshocton, Ohio

Mats, Inc,
Ashville, North Carolina

Uniroyal, Inc,
New York, New York

GAF
(Cleaning Systems)
New York, New York

Nash Engineering Co,
{Compressors and Vacuum Pumps)
Norwalk, Connecticut

Process Pumps, Inc,
(Pumps)
Kenflworth, New Jersey

- Stauffer Inc,

(Cleaning Systems)
Westport, Connecticut
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III. INDUSTRY STRUCTURE

This chapter presents an overview of the structure of the U.S. vinyl chloride monomer (VCM) and poly-
vinyl chloride (PVC) industries. Key elements of production, prices and markets are delineated to provide
a background and comparative criteria to judge the economic impact of proposed regulations on VCM and
PVC manufacturing.

The chapter is divided into three sections:

Section IIIA - Vinyl Chloride Monomer Production
Section IIIB - Polyvinyl Chloride Production

Section IIIC - Key Polyvinyl Chloride Markets




INIIA. VINYL CHLORIDE MONOMER

This section defines the structure of the vinyl chloride monomer (VCM) manufacturing industry.

NINE COMPANIES OPERATE 14 VCM PLANTS

Exhibit IlI-1, on the following page, presents a profile of the VCM producers in
terms of plant locations, capacities and manufacturing process. Process related
factors are discussed in Chapter IV.

Shell, Dow and Goodrich are the leading 1974-1975 producers, accounting for
approximately 58% of nameplate capacity.

Appru..imately §,225 million pounds VCM are estimated to be available for
conversion into PVC in 1974-1975, assuming no major economic impact
from OSHA regulations.

With the exception of the Goodrich plant in Calvert City, Kentucky, the U.S.
VCM plants are located in warm climate areas -- Texas, Louisiana, Puerto
Rico, and California. In general, the plants are open except for weather
screening.

VCM plants are generally located in or near petroleum rich areas to minimize-
the cost of feedstock (ethylene) transfer. )




U.S. VCM PRODUCTION HAS INCREASED APPROXIMATELY 370% TO 6,000 MILLION POUNDS IN
1974 SINCE 1964, WHILE THE MID-1974 PRICE IS 7 TO 10 CENTS PER POUND OR ALMQST DOUBLE

THE 1972 PRICE

Exhibit III-2, on the following page, presents production, sales and price
data for the years 1962 throu_h 1978-1980 (estimated). Sales and unit cost

inrformation are also presented.

Since 1964 production of VCM has increased from 1,615 million pounds to an
estimated 6,025 million pounds in 1974, for an increase of 373%.

For the years 1962 to 1972, production of VCM increased from 1,311 million
pounds to 5,089 million pounds or 388%, while merchant sales increased from
516 million pounds to 3,343 million pounds or 647%. Merchant uses were 39%

of production in 1962 and 66% of production in 1972, This indicates a decreased
forward integration in the industry with growth.

The doubling of price from 1972 to mid-1974 is attributed to the great escalation
in feedstock costs due to the "energy crisis".

THE VCM MANUFACTURING INDUSTRY HAS APPROXIMATELY 940 PRODUCTION WORKERS

Based on a Snell survey of VCM producers, representing approximately 65%
of 1974-1975 nameplate capacity (see Exhibit III-1), estimates were developed
of the number of production and related personnel in the industry.
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EXHIRIT HI-1
USDOL/OSHA
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1974~1975 .
Nameplate PROFILE OF VINYL CHLORIDE PRODUCERS
Capacity(l)
Major Producer/Location (Million Lbs,) Process(®)
Allied, Geismar, La, 300 Oxychlorination
American Chemical, Waison, Calif, 170 Stauffer Oxychlcrinaton
Conoco, Lake Charles, La, 625 Stauffer Oxychlorination
Dow, Freeport, Tex, *180 Dow Oxychlorination
Dow, Oyster Creek, Tex, 1,400 ;'700 Dow Oxychlorination
Dow, Plaquetnine, La, * 450 Dow Direct Chlorination
Ethyl, Baton Rouge, La, 250 ?'270 Direct Chlorination
Ethyl, Houston, Tex, *150 Direct Chlorination
Goodrich, Calvert City, Ky, 1,000 Goodrich Oxychlorination
Monochem, Geismar, La, 350 Acetylene '
PPG, Guayanilla, P, R, gop ("500 Oxychlorination
PPG, Lake Charles, La, (*300 Oxychlorinadon
Shell, Deer Park, Tex, 1,500 "800 Stauffer Oxychlorination
Shell, Norco, La, 2'700 Stauffer Oxychlorination
Total 8,695
Correcting for 90% operating level €170
Subtotal 6,025
5% lost {n polymerization 300
Subtoral 5,725
Estimated 1974 exports 300
Estimated 1974 imports Negligible
Subtotal 5,425
Other uses of VCM 200
Total available for PVC conversion 5,225
*Order of magnitude values
Sources: (1) Company and industry totals based on Moderu Plastics, May, 1974 and plant site estimates based on

Chemical Marketing Reporter, 17 September, 1973, and {ndustry interviews,

(2) Industry interviews,
(3) Snefl assessment




EXHIBIT UI-2
USDOL/OSHA

VINYL CHLORILE MARKET TRENDS

Production(® salest) Unit Value

Year (MM Lbs,) (MM Lbs,) (¢/1b.)
1962 1,311 516
1963 1,435 501

1964 1,615 597
1965 2,000 688
1966 2, 500 836
1967 2,424 952
1968 2,969 1,463

1969 . 3,736 2,359
1970 4,040 2,720
1971 4,336 3,003
1972 5,089 3,343
1973 5,348 NA
1974 6, 025(3) NA
1978-~ :
1980 8, 800(4) NA
(Unimpacted

by OSHA

‘standards)

Al e e .
[

Sources: (1) "Synthete Organic Chemicals”, U, S, Tariff Commission, Annual Reports 1960-1973,
(2) Posted price in tanks (works, freight equalized), Chemical Marketing Reportcz, Decémber 31, 1973
and June 24, 1974. ’
(3) Esdmate based on 1074 capacity 6,695 MM Lbs, In Exhibit 1111 at 90% utilization,
(4) 17,500 MM Lbs, capacity at 90% utilization per Hydrocarbon Procesting, May, 1974, p. 83.

NA=zNot Available

R LER




Exhibit I1I-3, on the following page, summarizes employment data for 1974

- production, maintenance and laboratory personnel have
responsibilities with likelihood of VCM exposure; these -
represent 720 workers or 77% of manufacturing employment

- there are approximately 220 management and support personnel

* * * * *

This section defined the structure of the VCM industry. The section that follows similarly profiles
PVC manufacture.
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IV, TECHNOLOGY OVERVIEW




IV, TECHNOLOGY OVERVIEW

The previous chapter defined the economic infrastructure of the vinyl chloride (VCM) and polyvinyl
chloride (PVC) industries. This chapter presents a technological overview of VCM and PVC manufacture
to provide broad engineering and operational perspective to the information of Section V, which presents

findings and conclusions.
This chapter is divided into two sections:
Section IVA, Vinyl Chloride

Section IVB, Polyvinyl Chloride

PVC is given significantly greater discussion emphasis than VCM since the study is of PVC.
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IVA. VINYL CHLORIDE

This section dxscusses the technology of vinyl chloride (VCM) manufacture. Exhibits appear
sequentially at the end of the text.

1, THE OXYCHLORINATION PROCESS ACCOUNTS FOR APPROXIMATELY 80% OF VCM CAPACITY

The table below summarizes estimated U.S. VCM capacity in 1974 as a function
of the manufacturing process.

Estimated 1974 Nameplate

VCM Process Capacity (M!lllon Lbs, ) Percent of Total
. Oxycmorlnation 5,450 81%
Direct Chlorination Only 900 14
Acetylene __ 350 b
Total ’g& - égg:/o
Source: Exhibft III - 1

;"\’\ﬂ( \

— 35 %

-2
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The balanced oxychlorination process is described by the following equations:

' Direct Chlorination: (1) CH2 = CH2 + 012 CICHZCHZCI

Oxychlorination  (2) CH, = CH, + 2HCI + 40, £5C2_ c1cp, cn,c1 + H,0
| 2500 C 2772 2

ED 3 _ =
C Craclking (3) ZCICH?CHZCI 20000 2CH2 = CHCI + 2HCI1
Net - | 2 CH2 = CHZ + C12 + 1}02'—----— ZCH2 = CHCI + HZO
Source: - Brownstein, A M,, U. S. Petrochemicals. Tulsa, Oklahoma;

The Petroleum Publishing Co., 1971, p. 250.

Exhibits IV-1 and IV-2 provide representative flow diagrams for the balanced
oxychlorination process based on the Stauffer Chemical and B. F. Goodrich
Chemical designs, respectively. Unit operations are similar in balanced oxy-
chlorination plants, although design details can vary appreciably regarding
mass and heat balances, particularly in fractionation steps.

Exhibit IV-3 provides a general process description related to the Stauffer
design. The Exhibit also provides a more detailed description of unit opera-
tions involving VCM.
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The American Chemical plant is believed to feature unbalanced oxychlorination,
using only reactions (2) and (3) in the preceding tablae,

The Ethyl plants and Dow's Plaquamine plant are believed to feature direct
chlorination and cracking only, using reactions (1) and (3) in the preceding
table.

The Monomchem plant, the only substantial acetylene-based process still op-
erating, is believed to be balanced type employing both ethylene and acetylene.
The HCI produced by pyrolysis of ethylene dichloride is added to acetylene for
further VCM production, instead of oxychlormation

The newest process is the Transcat process (Lummus Co., and Armstrong Cork
Co.) with the potential to compete strongly with the ethylene process. It is one
step synthesis of VCM by oxychlorination of ethane. VCM is produced by passing
ethane, HCI and air (1 to 1 to 2.5 vol) through a molten catalyst of KC1 and
CuCl/CuCl, at 875°F.

Exhibit IV-4 summarizes estimated 1974 VCM economics.
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GENERALLY, VCM PRODUCTION CAN PRESENT RELATIVELY LIMITED CHANGES OF
EXPOSURE TO THE OPERATING PERSONNEL DUE TO AUTOMATION AND REMOTE
CONTROL AND OUTDOOR CONSTRUCTION SIMILAR TO REFINERIES

However, localized hazard areas are associated on a routine basis with the loading of tank
cars, the cleaning of tank cars and of other equipment. Maintenance operations may be also a
source of personnel exposure,

(1) The VCM Productioh Plants Are Highly Automated

A typical VCM production plant consists of an island of process units,
principally fractionation and similar towers, cracking furnaces, and

sometimes compressors. Day tanks, providing storage space during

testing, are also included.

Long-term storage is provided by Hortonspheres which are located in
tank farms and connected to the loading racks where the tank cars are
filled. :

The flow of material through the production train {(or trains) is controlled
from control rooms, which, especially in newer installations, are fairly
removed from the actual production units,

The operators spend much of “heir time in the control room, mostly monitoring
the operation of automatic controllers and from time to time making necessary
set point adjustments. Normally there is little need for the operating personnel
to be physically present in the production area. .




However, inspection trips may be necessary from time to time and are usually
motivated by some abnormality in the operation. While most of the abnormal-
ities are usually traceable to instruments or control malfunction, significant
leaks could be occurring and result in appreciable exposure risk.

(2) The VCM Plants Are Usually Completely Outdoor Operations

All production equipment is generally installed out-of-doors. There is
limited chance of VCM accumulation and area concentrations may remain

" Jow even in the presence of significant leaks, particularly when atmos-
pheric conditions are not stagnant.

. However, significant exposure may be encountered by the greaser. Since
his function is to fill up the lubricating devices of pumps and compressors,
which in some instances may have to be done daily, he comes into close
proximity of seals which may be leaking, and his own personal exposure
may be in considerable excess to what would be surmised from the general
background, :

(3) Tank Car Loading And Tank Car Cleaning Present The Most Critical Areas Of
Exposure In Monomer Flants

While there are some "over-the-fence" pipeline deliveries and some marine
shipments, the bulk of the VCM is moved in railroad tank cars. Significant
VCM exposure risk can result from disconnecting transfer lines and from
the historical practice to use "dip tubes" to determine the level in the tank
car,

-
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The "dip tube" method consists in allowing a minute amount of VCM gas
continuously to escape through an adjustable tube dipping into the tank.
When the level of the liquid in the car reaches the bottom of the tube
liquid VCM is discharged resulting in a visible "plume" from the tube.
Usual piactice has been to raise further the dip tube at this point and to
complete the filling carefully at a lower rate until the permissible level
was reached. Under certain atmospheric conditions this method is known
to have given significant VCM concentrations even at some distance from
the tank car dome. A solution to this problem has been to re-equip larger
fleets of tank cars with more elaborate, non-emitting gauging devices.

Tank car cleaning operation put men in close contact with cars which may

contain residual amounts of monomer. But thorough venting and incin-
eration can be installed and personal protection used. Thus, exposure
hazard to personnel can be minimized.

(4) Maintenance Operations, While Serious Potential Sources Of Personnel Exposure, Can
Be Controlled By Appropriate Depressurization And Venting Procedures

Catastrophic failures involving rupture of large volume containers or
massive leaks upstream of the main control device are rare.




Other situations requiring maintenance action (such as pulling a unit off the
line for repair) divide into two categories: scheduled and unscheduled, with
the former more easily accomplished using proper procedures to minimize VCM
exposure risks.

" Appropriate operating procedures and additional venting equipment can be
used to reduce or to virtually eliminate the risk of exposure. Exhibit IV-5
shows an example of current operatinig procedure for maintenance action of
the Dow Chemical Company ‘

* * * ¥ *

Section IVB, following, provides a similar overview of polyvinyl chloride technology.
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EXHIBIT IV-1
USDOL/OSHA

THE STAUFFER PROCESS FOR VINYL CHLORIDE

PYROLYSIS HC) . CHLORYDE ™
FURNACE: SEPARATION  SEPARATION -

VINYL
CHLORIDE

USEFUL .
HEAVY ENDS

LAy

REMOVAL SEPARATION

cal Co.: Vinyl Chloride. Hydrocarbon Processing §2: 194, November 1973,




EXHIBIT IV-~2

USDOL/OSHA

THE B. F. GOODRICH PROCESS FOR VINYL CHLORIDE

o, . X “‘,""“5
o QHEL e ¢ 'aQHCL

"' PRIMARY RECOVERY' . .~ SECONDARY RECOVER¥

[

weovie

g ' i“tm%ﬁc}\flr;;a "
Pt Source: B. F. Goodrich Chemical Co.: Vinyl Chloride. Hydrocarbon Processing. 52: ‘
cr 181, November 1973, :
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General Descr!ption(l)

Ethylene dichloride (EDC) is produced in both additlon (direct)
chlorination and oxychlorination units, In the addition chlorna-
tion unit ethylene and chlorine are combined to produce EDC in
a liquid phase reactor, In the oxychlorination unit ethylene, air
and byproduct HC] from the EDC cfacking unit are reacted to pro-
duce EDC. An efficient catalyst in the vapor phase oxychlorina-
ton reactor {8 used to promote high yields, High pressure steam
generated in the oxy reactor removes reaction heat and is used
as heat medium in other points in the process, EDC {s seperated
from vent gas by condensation in two recovery units, There are
no moving parts in the entire oxy process except in the air com-
pressor and refrigeratdon units,

Crude EDC from the additon and the oxychlorination units
is combined with recyele EDC from the cracking unit and puri-
fied by removal of small quantities of light and heavy materdals,
Aqueous effluents seperated from the crude EDC are steam strip-
ped and are suftable for biological treatment, Both light and
heavy ends may be treated for further use as feed to other chlor-
inatlon processes,

-Vinyl chloride monomer (VCM) is produced by cracklng
purified EDC in the pvrolysis furnace.

®

EXHIBIT V-3 (1)
USDOL/OSHA

VINYL CHLORIDE PROCESS DESCRIPTION

Description of Unit Operations Involving veMm®)

Dry EDC is dehydrochlorinated to vinyl chloride as it passes through
the packed tubes of a cracking furnace,

The tubes are normally packed with pumice, charcoal or some other
“contact" type catalyst, At 900 to 950° F and 50 PSIG, EDC conversion
{s about 50% and yield to vinyl chloride is 94 to 97 mole%, The hot
effluent gases are then quenched, and partially condensed, by direct
contact with cold EDC in a quench tower,

Effluent fracdonation and product purification are generally accom-
plished in three addidonal towers, where each producer of VCM has its
own modification of this process,

Hydrogen chloride and light chilorinated tiydrocarbons are rejected over-
head in the "HCL" and "Light Ends" towers, The hydrogen chloride i3
normally recovered by water scrubbing and recycled to the EDC plant,
Trichloroethane, chlorinated C 's and other heavy ends are rejected from
the bottom of either the "quenc?l tower” or the "vinyl tower", Contained
EDC is recovered by fractionation and recycled to both the quench tower
and the feed storage tank, The light and heavy ends are either further
processed or disposed of by, for example, incineration. Vinyl chloride
monomer {s taken overhiead in the "vinyl" column, generally caustic
washed, and then sent to the product storage facilites,
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EXHIBIT IV-3 (2)
" USDOL/OSHA

VINYL CHLORIDE PROCESS DESCRIPTION

General Descﬂption(l)

~ After quenching, the furnace products are seperated into HCI,
which is recycled to the oxy unit, and high purity VCM, Unreacted
EDC is recycled through the EDC purification system,

The overall process is balanced so that only VCM is produced
without byproduct HCl, Design is easily adapted to produce HC1 for
other uses, to use HCI from other sources, or to make EDC as a
seperate product,

The proeess is highly actomated for stable, fail-safe operation
at high yields over a wide turn-down range, Startup fs easy and
rapid, Units combine simplicity of operation with low manpower,
capital, operating and maintenance costs,

Notes: (1) Related to the Stauffer process, Exhibit V-1 ‘ .
(2) Reflects generalized practice :

Sources: (1) Stauffer Chemical Co.: Vinyl Chloride. Hydrocarbon Processing 52: 194, November 1973,

. (2)  Alr Products & Chemicals, In¢, Houdry Division, Survey Report on Vinyl Chloride Monomer Production Via Dichlorethane Pyrlysis,
' " Prepared for Environmenral Protection Agency; Durham, North Carolina; 1972,
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EXHIBIT IV - 4 (1)

USDOL/OSHA

ESTIMATED VINYL CHLORIDE MONOMER
ECONOMICS - 1974

Unit Production Costs For A 500 Million Lb, Ethylene Oxychlorination Plant of 1974
Construction With Total Fixed Capital of $20,4 Million (¢/1b.)

Plant {nvesunent 4,08

Cost of Manufacture

Raw Materials

Fthylene (0,49 1b/1b @ 8, 0¢/1b) 2.94
Chlorine (0,67 1b/1b @ 3.0¢/1b) 2,01
Subtotal 4,95
Labor 0,12
Utlides 0.25
Maintenance 0,20
Overhead 0,15
Taxes & Insurance 0,06 . .
Depreciation 0,40 )

Total cost of manufacture

E
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) EXHIBIT IV - 4(2)
USDOL/OSHA

: ESTIMATED VINYL CHLORIDE MONOMER
ECONOMICS - 1974

Unit Production Costs For A 500 Million Lb, Ethylene Oxychlorinadon Plant of 1974
Construction With Total Fixed Capital of $20,4 Million (¢/1b,)

Profitability

Net selling price (FOB plant) 7.41
Cost of manufacture (6,13)
Selling, general and administradve expenses "~ (0,30)
Pretax profit 0,98

Pretax return on total investment (@ 1,2 plant investment)  20%

Sources: (¢)) Sncll estimates based on Brownstein, A, M,, U, S, Petrochemicals, Tulsa, Oklahoma,
The Petroleum Publishing Co,, 1971, p. 25 -

() Snell esdmates based on mid-1974 Chemical Marketing Reporter posted prices
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' EXHIBIT 1V-5 (1)
USDOL/OSHA
EXAMPLE OF A STANDARD OPERATING PROCEDURE FOR

MAINTENANCE AT DOW CHEMICAL CO, VINYL CHLORIDE WORKS

SAFETY PROCEDURE

Subject: ° BLEED-DOWN OF VINYL CHLORIDE CONTAINING EQUIPMENT

Problem: At present, pumps, sections of piping, and some equipment is partially or otherwise bled down to atmosphere. This- expnses personnel to vinyl
vapors if care is not taken,

) Situatlon Obviously, there are numerous situations that occur in the plant, where exposure to vinyl vapors is possible when preparing equipment for repair
or entry, Most equipment is either already tied into the vent recovery system for bleed-down, or can be, with limited temporary piping, Almost all
bleed-downs can be done through the vent rccovery system and all personnel exposures to vinyl vapors must be eliminated, Eliminaton of exposure
to the vapors should extend to any final low pressure bleed- down of equipment that has already been relieved through the vent recovery system, Also,
preventative mcasures should be taken when opening equipment with stagnated vapors in it. In these two cases, proper respiratots should be used to
prevent exposures due to change of wind direction or otherwise. ) ‘ .

Solution:

1, All seal repair work done on viny! furnace pumps should utlize the vent recovery system for the primary bleed-down, Any small final bleed-
down should {nvelve personal respirator protection, In some cases, {t may be necessary to use a full face mask, rather than a mouth-bite
tespirator, '

o , 2. Temporary piping to the vent recovery system should be run when necessary to vent an {solated piece of equipment, or run of piping,
§ 3, When breaking into a vessel or piping system containing vinyl that has been depressured, use a respirator, (Hose-Line Mask), In the case of

breaking vinyl containing system, the use of respirators should parallel the policy of using monogoggles,
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+ EXHIBIT 1V=- 5 (2)
USDOL/OSHA

EXAMPLES OF A STANDARD OPERATING PROCEDURE FOR
MAINTENANCE AT DOW CHEMICAL CO, VINYL CHLORIDE WORKS

4, All vessels will be purged to D-234 vent recovery system before opening, Considerable exposure to vinyl vapors is possible working around
these openings due to trapped liquid vaporization inside the vessel, Therefore, fresh air-supplied masks should be used around such openings
for exposures of any length, '

5. When breaking into vinyl containing equipment, the immediate supervisor of that area should advise the type of respiratory equipment to be
used, and issue a safe work permit in some cases.

Source:  Dow Chemical Corporation

2681 M




V. FINDINGS AND CCONCILUSIONS

This chapter of the preliminary report presents the findings and conclusions - drawn from the detailed
‘data appearing in Chapters I and U1, dealing with industry structure and technology respectively, as well
as from the appendices.

~ Information is presented in individual sections topically addressing each of the key regulatory consid-
erations of primary concern to the study. See Ixhibit1I-1. Secondary considerations are discussed in a
general category. Then, an overview is provided in a preliminary economic impact assessment. Sections

follow as shown

VA - Preliminary Economic Impact Assessment, Including Timing of Engfneerud
VCM Controls

VB - P.rsonal Protective Equipment
VC - Monitoring Equipment

VD - Medical Surveillance Costs

f .
Each of these sections will indicate the analysis, refinements, or new information to be developed during
the remaining three weeks of the study between this preliminary report and the draft final report,
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VA. PRELIMINARY ECQIIOMIC IMPACT ASSESSMENT

This section presents the preliminary estimated economic impact of various regulatory standards on the
vinyl chloride monomer (VCM) and polyvinyl chloride (PVC) industries. For this study, economic impact is
defined only as the dircct cost impact on the VCM and PVC industries resulting from compliance with proposed
OSHA levels of VCM exposure. Economic impacts in other sectors were not included in the scope of work. The
timing required to achieve cngincered controls of VCM at various comnliance levels is also discussed.

1. THE METHODOLOGY FOR ASSESSING THE ECONOMIC IMPACT IS BASED ON SNELL AUDITS OF
INDUSTRY ASSESSMENTS OF REQUIRED ENGINEERING, PERSCMAL PROTECTIVE AND MONITORING
EQUIPMENT :

Information for assessing the economic impact under various VCM regulatory levels
was collected through an industry survey conducted by Snell.

The cost estimates are developed for various compliance levels,

- plant-by-plant costs reported by industry for various VCM exposure
levels provided the data base

- individual plant information was aggregated to provide the estimated
economic impact per pound of VCM or PVC produced for the industry.

Cost estimates of specified equipment were checked by Snell for order of
magnitude validity.

- mcihitoring and personal protective equipment information were compared
with equipment supplier quotations

\

L.J’/‘

C

é\ - specific items such as compressors, pumps, etc. were validated with
[ - supplier quotations .
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in addition, process designers were contacted

selected extraneous industry claimed improvements, such as water
treatment systems, were not included in the cost summary

THE ESTIMATED ECONOMIC IMPACT OF STANDARDS ON THE VINYL CHLORIDE MONOMER INDUSTRY

RANGES FROM 0.073¢ PER POUND TO MEET A 50 PPM CEILING VCM LEVEL TO 0.42¢ PER POUND TO
MEFT A LESS THAN 10 PPM CEILING VCM LEVEL AND 1 TO 5 PPM TWA AND SUSTAIN 1974 CAPACITY

Sncll assessed industry costs of reducing VCM levels in VCM plants were
separated into five categories which include:

- enginecring costs, including:

ventilation

vapor recovery

stripping

loading for shipping

other (pumps, piping, etc.)

personal protective equipment costs, including:

shower and eating facilities
breathing equipment (respirators, air lines and bottled air)
clothing (uniforms and protective clothing)

monitoring costs, including:

personal monitoring equipment
area and leak monitoring equipment
medical testing

recordkeeping
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- productivity loss

the cost of keeping at the levels unimpacted by OSHA
capacity otherwise derated as a result of repulation

the cost includes equipment, personnel, etc,
- expensed items
these include consultant costls, management time, etc.

out-of-pocket expenses of 0.01¢/1b are not included
in the cost summaries

Suvmmarized estimates of VCM industry cost impacts and timing to meet sclected
VCM compliance levels follow in Exhibits V-1 through V-5.

- Exhibit V-1 presents the case of the 50 ppm VCM ceiling
- Exhibit V~2 presents the case of the 25 ppm ceiling

- Exhibit V-3 presents the case of the 15 ppm ceiling and 5 to 10 ppm
TWA (time weighted average)

- Exhibit V-4 presents the case of the 10 ppm ceiling and 1 to 5 ppm TWA
- Exhibit V-5 presents the industry claimed time requirements for compliance

Exuibit V-0, following Exhibit V-5, serves as n summary discussion of findings.
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EXHIBIT V-1
USDOL/CSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING A 50 PPM VCM

CELING LEVEL IN VCM PLANTS AS CLAIMED BY INDUITRY -

(1) AND ASSESSLD BY SNELL
Snell agensment of VCM level potentially achieved
Total plants in sample: 9 .
Frocesscs represented?); O STO, DO, DC, G
Locadon of plana in sample(3); 8w, 1C
Capacity in Sample - Millions Ibr. per year(Pescent 1974 U. 3, nameplate capaciny) 6, 125 ("I'T%)
Percent Industry clalmied capacity from sample subject to shurdown at a
50 ppm cedling VCM level; 1/
Snell estimate of percent capaciry from sampls subject to shutdown at a
50 ppm cefling VCM levet; v
Capial Annnal
Direct Cosn ($/1,000 1b.) (3$/1,000 1b,} Percent of Total Anmal Cost
L Engineering Cos(4) $1.14 $0.4.¢5) 56%
I, Personal Equipment Cosr(6) 0,05 0,03(T 4
m, Monltoring _0,22(8) 0,19(7, 8,9 28
,Total Direct Costs(10) $1,30 $0. 63 seh
- Produetivity Los 30,18 $0.10 1%
Towl Costs $1.48 30,78 100%

Note: (1) Soell estimate of VCM levels achisved in plants {ncorporating the level of conirol effort represerted in the Exhibit,
Moaltoring data is detafled 1 Appendix B,
(2) 0= Oxychlorination, STO = Stauffer Oxychiorination, DO = Dow Oxycholorination, DC = Direct Chletination, G = Coodrich Oxyehlormmon..
(3) W= S{ted in warm climat., G = Sfted in cold climate,
(4) Includes ventilation, vapor recovery, stripving, loading and other (piping, general pumps, maintensnce, etc,)
(5) Includes capiial amortized @ 12% = 10 yre, and O&M charges,
(6) Ircludes breathing equipment and clothL g,
{7 Ir~ludes ca,dtdl amorrced @ ..2% = 5 yry, and Q&M charges,
(8) Wncludes area and v sonal monitoring equipment,
(9) 1 ‘udes melical _ad recordkeeping costs,

(10) Produivity Jose *- the indwguy average cost of addirional capacity, peronnel, etc, to maiutain indusuy capaciry lnvnl.'
vaimpucted Ly OSHA reguiations,

Sourcz; Indusry inter:iews and Snell estim.ares,
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EXHIBIT V-2
USDOL/OSHA

ESTIMATED INDUSTRY COSTS IN ACHIEVING A 25 PPM VCM
CEILING LEVEL IN VCM PLANTS AS CLAIMED BY INDUSTRY

AND ASSESSED BY SNELL
Snell assessment of VCM level potentially achieved(1)
Total plany in sample: ]
Processes represente2); O, §TO, DO, DC, G
Location of plants in sample®); 8w, 1C
Capacitytn Sample = Millions The, per year (Percent 1974 U, S, nameplate capacity): 5, 125 (17%)
Pescent Industry claimed capacity from sample subject wo shutdown at a .
25 ppm cefling VCM level: o
Snell estimate of percent capacity from sample subject to shutdown at s
25 ppm cefling VCM level: %
Capital Annual ’
Ditect Costs ($/1,000 1b,) ($/1,000 1b,) Percent of Total Annual Ce.t ! .
L Engineeriag Cos(4) $2,13 $0, 7K 5) 55%
1L Pensonal Byuipment Costs(6) 0.07 0,04(7) ]
L Monitorng 0,17(8) 0,25(7, 8,9) 21
Total Direct Cosn(10) T 81,00 85
Productiviry Loz $0.36 $0,21 1%
Total Costs $2.13 $1,21 100%

Notes; (1) Snell estimate of VGM levels achisvabls in plants incorperating the level of control effart represented in the Exhivit.
Monitoeing dats 4 doratled tn Appendix 0,
(2) O = Oxychlodnation, STO = Stauffer Oxychlorination, DO = Dow Oxychlorination, DC « Direct Chlorination, G » Goodrich Oxychlorination,
(3) W = Bited in warm climate, C = Sited in cold climate. ’
(4) Includes ventilatlon, vapor recovery, stripping, loading and odier (piping, general pumps, maintenance, etc.,).
(5) Includes capital amortized @ 127% = 10 yrs, and OkM charges,
(6) Woludes breathing equipment and olothing,
(1) Includes capital amortized @ 12% = 5 yrs, and O&M charges,
(8) Includes area and personal monitoring equipment,
(9) Includes medical and recordkeeping conn,
(10) Productivity Joss 1s the Induatry avesage cost of addirional capacity, perionnel, etc, to maintain industry capactry levels
unimpsciad by OSHA reguistions, }
Sourco; Industry interviews and Snell estimates,




EXHIBIT V-2
USDOL/OSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING A 15 PPM VCM
CEILING AND 5-10 PPM TWA LEVELS IN VCM PLANTS AS CLAIMED

BY INDUSTRY AND ASSESSED BY SNELL
$nell assessment of VCM level potentially achieved(1) . s

Total plants in samples: 9
Processes tepresented(2); 0, $TO, DO, DC, G
Location of plants In sample(®); 8w, 1C

Capacity in Sample~ Millions 1bs, per year (Percent 1974 U. 5. nameplate capacity): 5,125 (17%)
Percent Industry clafmed capacity from sample subject to shurdown at a

10 ppm cefling and 5-10 ppm TWA VCM level: [
snell estimate of percent capacity from sample subject to shutdown at a

10 ppm ceiling and 5-10 ppm TWA VCM level: o

Capital Annual '
Direct Cosps ($/1, 000 1b,) ($/1, 000 1b.) Percent of Total Annual Cost

Englneering Costa(4) $3.50 81,265
Personal Equipment Costs(6) 0,08
Monitoring _0.20(7,8,8)
Total Direct Costs $1.58

Productivity Loas! 10) $0.41

Total Costs . $1.99 100%

Noteay (1) Snell eatimate of VCM levels achievable in plants Incocporating the levei of control effart represented {n the Exhibiy, Monfroring

data is detafled in Appendix B, :

(2) O = Oxychlorinadon, $TO = Stauffer Oxychlorination, DO = Dow Oxychelorinadon, DC = Direct chlorination, G » Goodrich Oxychlorination,

(3) W= Sited in warm climate, C = Sited in cold climate,

(4) Includes vendladon, vapor recovery, stripping, loading and other (piping, general pumps, inaintenance, etc.).

(0) Wcludes oapital amertised @ 12% » 10 yre, and O&M charges,

(8) Includes breathing equipment and clothing.

(1) Includes capital amartized 2 129 = 5 yrs, and O&M charges,

(8) Includes ares and personal monitoring equipment,

{ Includes medical and recordheeping coss,

(10)  Braduativiry loe Is the tnduatry averags annual cost of addliional capaciry, persannel, etc, to malntain caparity levels

unimpacted by OSHA regulaons,

Seureg; Indusey Interviews and Snell estimares,




EXHIBIT V-4
USDOL/OSHA

ESTIMATED INDUSTRY COSTS OF ACHIEVING A LESS THAN 10 PPM VCM CEILING AND
1-5 TWA LEVELS IN VCM PLANTS AS CLAIMED BY INDUSTRY AND ASSESSED BY SNELL

Snell assessment of VCM leve! potcntially achieved(®)
Total plants in sample: 5

Processes represented @) 0, DO, STO

Locaton of plants fn sample®): 5W

Capacity of sample: Millions 1bs, per year (percent 1974 U, 5, nameplate capacity) 2,950 (44%)
Percent industry claimed capacity from sample subject to shutdown at a 10 ppm
cefling and 1-5 ppm TWA VCM level 42%

Snell estimate &t percent capacity from sample subject to shurdown at a 10 ppm
celling and 1-5 ppm TWA VCM level

Capital Annual :
Direct Costs {$/1, 000 Lb.) (3/1,000 1h,) Percent of Total Annual Cost

Engincering Costs() 84,56 $2.180%) 51%

Personal Equipment Costs(6) 0.63 0, 24"

Meonitorng 0.24® 0.9107:8. 9

Total Direct Costs 35,43 $2,73

8
T
4%

Productivity Los™?) ' 31,88 30%
100

Total Costs $7.31

Notes: (1) Snell estimate of VCM levels achievable in plants incorporating the level of control effort represented in the Exhibit,
Monitwring data is detailed in Appendix B,

(2) O = Oxychlorination, STO = Stauffer Oxychlorination, DO = DOW Oxychlorination, DG = Direct Chlorination, G = Goodrich Oxychlorination,
@) W = Sited {n warm climate, C = Sited in cold climate,
{4) Includes vendlation, vapor recovery, stripping, loading and other (piping, general pumps, maintenance, ete,)
(5) Includes capital amortized @ 12% ~ 10 yrs, and O&M charges,
(6) Includes breathing equipment and clothing,
M Includes capital amonized @ 12% - 8 yn, and O&M charges,
*(8) Includes Area and paronal menitoring squipment,
(9) Includes medical and recordkesping costs, .
(10) Productivity loss {s the industry average annual cost of additlonal capacity, personnel, etc, to maintain industry capacity levels unimpacted

hy OSHA seguladons, This 1 based on those plant that expoctad ability 1o mest the clatmed Jovels shown {n the Exhibir;
Sousees Industry (ntetviaws and 8nell estimaray,
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EXHIBITV -5

USDOL /OSHA

U.S. INDUSTRY CLAIMED TIME TO REACH
SELECTED VCM LEVELS IN VCM PLANTS THROUGH
ENGINEERED CONTROLS

End of Year
Sampir Total 19714 , 1975 - 1976 1997

Number of  Capaclty  Number of  Percont') Namber of  Percent
VCM Standard Plants (million 1bs) Plants  Capaciry

1978
Number of  Percent -Number of Percent . Number of  Percent

Plants Capacity Plants Capacity Plants Capacity Plants Capacity

50 ppm ceiling 9 5125 9 1007

‘25 ppm ceiling 9 5125 1 5% 95%
15 ppm celling &
5-10 ppm TWA 49%
<10 ppm ceiling &

1-5 ppm TWA 51%

Notes: (1) Percent of sample 1974 capacity

Source: Industry interviews by Snell




EXHIBITV ~ 6

USDOL/OSHA

SUMMARY OF THE COST IMPACTS AND TIME
COMPLIANCE CLAIMED BY VCM INDUSTRY

VCM Level Unit Costs, ¢/1b, Compliance petfod Percent of Indusn?-})

Claimed By Dircct Costs Costs to Make Up for 1 * - Required For “Endangered”
) Engineered Controls  Based On Sample

Industry of Compliance loss of Productivity Total Costs(

50 ppm celling 0,06 0,01 0,07 } 10% in compliance now
25 ppm celling 0.10 0.02 0.12 ¥ 20% o 2 years

15 ppm ceiling with
5-10 ppm TWA 0.16 0,04 0,20 ¥ 35% 2.5 years

<10 ppm ceiling with )
1-5 ppm TWA (2) 0,15 0,42 509 - 3 years

Netes: (1) The percentage ranges of total costs represcnt Snell's estimates based on partial stadstical analysis of data
(2) Two of the plants in the sample representing 1150 million pounds per year (22% of the 9 plant sample) estimated the ability
to reach a 1 ppm VCM ceiling and 1 ppm TWA
(3) Endangered = management will seriously consider plant shutdown

Source: Exhibits V = 1 through V - §




3. THE ESTIMATED ECONOMIC IMPACT OF STANDARDS ON TIIE POLYVINYL CHLORIDE-INDUSTRY RANGE
FROM 0.72¢ PER POUND TO MEET A 50 PPM VCM CEILING TO 2.73¢ PER POUND TO MEET A 25 PPM
VCM CEILING AND 10 TO 15 PPM TWA AND SUSTAIN 1974 CAPACITY

Snell assessed indusiry costs of reducing VCM levels in PVC plants
were separated into five categories which include:

- enginecering costs, including:

VCM unloading

ventilation

reactor cleaning

stripping and VCM recovery
other (pumps, piping, etc.)

- personal protective equipment costs, including:

showers and eating facilities
breathing equipment (respiralors, air lines and bottled air)
clothing (unifoxms and protective clothing)

- monitoring costs, including:

personnel monitoring equipment
arca and leak monitoring equipment
medical testing

recordkeeping

- productivity loss

the cost of keepiag at the levels unimpacted by OSHA capacity
oitherwise deraled as a result of reguiation

the cost i.cludes equipment, personnel, etc,

SYQT o0
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- expensed items
these include consultant costs, management time, etc.

out-of-pocket expenses of 0.033¢/1b are not included in
the cost summaries

Summarized estimates of PVC industry cost impacts and timing to meet selected - VCM
concentration levels are presented in Exhibits V-7 through V-1" after page V-8.

- Exhibit V-7 presents the case of the 50 ppm VCM ceiling

Exhibit V-8 presents the case of the 25 to 40 ppm ceiling émd 15 to 25 ppm TWA

Exhibit V-8 presents the case of the 25 ppm ceiling and 10 to 15 ppm.TWA

Exhibit V-10 presents the case of the "no detectable"” VCM level based on
data provided by the Firestone Tire and Rubber Company

Firestone was the only PVC producer reporting the
ability to meet a "no detectable" VCM standard primarily
using engineering controls.

Exhibit V-10 presents the Firestone information for the two
Firestone plants. These plants were not included in the indus-
try summaries since the Firestone recommended measures to
imeet the 50 ppm standard were not estimated to be complete
for two years, In addition, the Firestone estimates were

Ve inconsistently high with estimates provided by the.remainder
9; of the industry at higher VCM levels, for example 50 ppm,

< and included environmental protection measures, such as

b incineration and water pollution control, not directly

(@] ] ‘ determining OSHA compliance at the higher levels,

[ ‘
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Exhibit V-10 also presents the Firestone economic impact
data as a weighted average over the Firestone capacity
of 507 million lbs. per year.

- Exhibit V-11 presents the PVC industry claimed time requirements for
compliance.

- Exhibit V-12, following Exhibit V-11, serves as a summary discussion. .
of findings.

4. INCREAJINGLY STRICT VCM COMPLIANCE REQUIREMENTS ARE EXPECTED TO RESULT IN SIGNIFICANTLY
GREATER PRICE ESCALATIONS FOR PVC THAN FOR VCM . .

+

Exhibit V~13, following Exhibit V-12, presents the estimated impact of selected
VCM standards on VCM prices.

VCM prices are estimated to be reasonable through a 15 ppm ceilmg and 5 to 10
ppm TWA since supplies are not expected to be affected.

The 8.0¢/1b price at the less than 10 ppm VCM ceiling and 1 to 5 ppm TWA is
viewed as being on the low side since the effect of the claimed 42% of industry
capacity possibly lost as a result of this standard should cause additional
price increases due to supply and demand factors.

. £xhibit V-14, following Exhibit V-13, presents the estimated unpact of selected
,‘ ‘ VCM standards on PVC prices,

AREAY

A

PVC prices are estimated to be reasonable through a 25 ppm ceiling
and 15 to 25 ppm TWA, since only 9% of supplies may be affected. .
That is, a 9% expected reduction in supply was claimed in the indus-
try sample.
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The 22.9¢/1b through 30.5¢/1b prices at less than a 25 ppm ceiling
and less than a 10 to 15 ppm TWA are viewed as being on the low
side, since the effect of the claimed 31% to 100% of industry capacity
possibly lost as a result of the lower standards should cause addi-
tional price increases due to supply and demand factors.

* * * *

This scction presented cconomic impact details, The next section discusses personal protective
cquipment. )
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VB. PERSONAL PROTECTIVE EQUIPMENT AND HYGIENE RELATED FINDINGS AND CONCLUSIONS

Preliminary discussion follows.

TWO OF THE FOUR TYPES OF RESPIRATORS LISTED UNDER THE PROPQSED PERMANENT STANDARD
(PPS) ARE READILY AVAILABLE FROM AT LEAST ONE EQUIJPMENT MANUFACTURER

As presented in Appendix Exhibit D-8, two of the types of OSHA lisied respirators
are available from the manufacturer in approximately two to four weeks from the

placement of the order. These types are:

pressurc demand full-facepiece self-contained breathing apparatus (PD)

combination pressure demand full-facepiece respirator and pressure
demand self-contained breathing apparatus (CPD)

The two other types of breathing apparatus listed in the PPS are not currently produced.
Interviews with manufacturers indicate that these devices are considered wasteful of

compressed air. These types are:

positive pressure full-facepiece self-contained breathing apparatus
- v mbination continuous flow respirators and a pressure demand self-cohtained

breathing apparatus.

THE REQUIRED TYPES OF RESPIRATORS PURCHASED UNDER THE 50 PPM TEMPORARY STANDARD
MAY BE USED UNDER LOW VCM CEILING CONCENTRATIONS

The purchase costs for types PD and CPD from Exhibit D-8 are $515 and $615, respectively.
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The operating and maintanance costs from Exhibit D-10 range between $500 to $1,c00
per man per year, with an average of data estimated at $900.

The cost of grade D or better breathable air is $15 per 310 SCF cylinders, With an
air flow of 4 CFM, this amounts to a cost of $0.20/minnte. :

INDUSTRY AND THE EMPLOYEES PREFER HALF-MASK AIR LINES CANISTER OR CARTRIDGE TYPE
RESPIRATORS OVER THOSE REQUIRED BY OSHA IN THE PPS

Industry and worker prefsrences and human factors are detailed in
Exhibits D-1 through D-4,

Self-contained devices are heavy, bulky, and require highly trained individuals.
Air line respirators are much lighter than self-contained, but they reguire a long
hose for the air supply and a complicated air distribution system.

Cartridge and canister types are the lig}itest and least expensive of the three,
but lifetime has not yet been fully established for atmospheres containing VCM.

Users of cartridge or canister type masks have no way of krswing when their air
purifier is no lc nger effective.

Half-face mask types are more comfortable to wear than those with full-facepieces,
. however, they do not provide complete facial protection.

THE NUMBER OF COVERED WORKERS NEEDING RESPIRATORY PROTECTION INCREASES WITH A
DECREASE IN PERMISSIBLE VCM CONCENTRATION LEVELS OR REQUIRE HIGHER RESPIRATORY

WEARING TIMES

i .
The following table summarizes case studies of the percentage of workers needing respiratory pro-~
tection as a function of VCM permissible levels, climate of plant location, and plant type (VCM or PVC).

Further data will be provided in ths final report,
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Climate of Ceiling VCM
Plant Type Plant Location level (ppm)

VCM Warm 50
25

10

10

1

Warm . 50
25
10 ppin TWA
125 ppm ceiling
1

Source: Exhibit D=11 and Snell Assessment

Percent Of Percent Of
Workers Needing Thne Respiratory

Respiratory Protection Protection Needed

50%
50
13
50
100

Commecents

With Engincering Controls
With Engineering Controls
Without Engineering Controls
With Engineering Controls
With Engineering Controls

with Cngineering Controls
with Enginecring Controls
With Engineering Controls

With Engincering, Controls

Wwithout Engineering Ceatrols
Wwithout Engineering Controls
Without Engineering Conreols

MOST OF THE TYPES OF PROTECTIVE CLOTHING ARE AVAILABLE WITHIN FOUR WEEKS FROM ORDER

PLACEMENT

Disposable clothing, hoods, shoe covers, gloves and overalls are available within
one week fromi the manufacturers including one piece pressurized suits, as shown

in Exhibit D-9.

Permanent (reusable) work clothing is also available within one month of order.

Full impervious pressurized suits however, have a procurement lead t1me of at
least two months. ' .




6. COSTS FOR PROTECTIVE CLOTHING VARY WITH TYPE, WITH A LOW OF $3.50 FOR DISPOSABLE
CLLOTHING TO A HIGH OF $178 FOR A PERMANENT, IMPERVIQUS FULL PRESSURIZED SUIT

A full suit of disposable clothing including coveralls, hoods, shoe covering, and
gloves costs approximately $3.50.

Permanent work clothing costs in the neighborhood of $40.00 per worker for a
full suit of clothing including coveralls, gloves and boots.

A permanent impervious full pressurized work suit which can be worn with an.
air mask costs $178. Industry believes that routine use of these is not feasible
on grounds of human factors, indicated in Exhibit D-5 and concluded from the
Snell industry interviews,

The cost of cleaning a suit of permanent work clothes is in the range of $1°.00
to $1.50 per suit, per worker, per.day.

* * R * * *

The next section deals with monitoring equipment.

=l ' V-12
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VC. MONITORING EQUIPMENT, RELATED FINDINGS AND CONCLUSIONS

Preliminary discussion follows.

THE THREE MAJOR CLASSES OF VCM MONITORING DEVICES: PERSONAL, AREA, AND LEAK, ARE ALL

AVAILABLE TO THE VCM AND PVC PRODUCING INDUSTRIES

‘Personal monitoring, which is the technigque recommended to OSHA by NIOSH
(sce Exhibit E-3), is available to industry from the manufacturer within two
months from timc of order. The gas chromatograph needed for the analysis

of their samples can be received from the manufacturer in two to three months
time.

Arca moniloring systems of the automalic sequential or continuous type can be
obtained for installation within six months from time of order. Installation
could take upwards of two months.

Manual area monitoring systems comprising a gas chromatograph with a flame
ionization detector (FID) and Mylar or Tedlar bags for sample collection can

be obtained frown the manufacturer within three months., These deviceos require
little or no sel-up time.

Leak detection devices such as portable gas chromatographs or infrared spectro-
photometers can be received from suppliers within two months.

V=14




THE COSTS OF MONITORING EQUIPMENT RANGE WIDELY DEPENDING ON TYPE, HOWEVER , MOST
EQUIPMENT PURCHASED UNDER THE TEMPORARY 50 PPM STANDARD MAY BE USED AT LEVELS
DOWN TO AND BELOW ONE PPM VCM

Personnel monitoring equipment vary in cost from $300 for automated charcoal
tube/pump system to $70 for colorimetric tube devices. For the automated
system, a back-up gas chromatograph is required ail a cest upwards of $7,000
including basic chromatograph, columns, recorder, and mechanical integrator
as shown in Appendix Exhibit D-5

Area monitoring systems of the sequential gas chromatograph type cost in the
neighborhood of $12,000 per 10 point instrument system without installation.
Those operating under the FID total hydrocarbon principle can be purchased

for $8,000, again without installation charges.

Leak detection equipment, which are either of the portable gas chromatograph,
total hydrocarbon FID, and infrared types cost from $3, 000 to $5,000, No
installation is requirced for these devices.

EXPENDITURES FOR MONITORING EQUIPMENT FOR A TYPICAL VCM OR PVC PILANT AVERAGE
$100,000 IN CAPITAL WITH ANNUAL OPERATING EXPENSES OF $30,000

Personal monitoring equipment of the colorimetric types do not require a chemist
for back-up due to their instantaneous reading capability. The charcoal {ube types,
however, require a trained chemical technologist for nnalysis of samples due to the
necessitly of using a gas chromatograph. At least cne chemist per plant is needed at
an annual cost of $15,000 to $20,000.
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AUTOMATIC SEQUﬁNTIAE&‘l_ONITORING SYSTEMS (ASMS) CAN SERVE AS A LONG TERM DATA

COLLECTION SYSTEM FOR AN ENTIRE PLANT

The ASMS can analyze an air sample from a particular point in the plant in 1 to
3 minulcs wllh potential for at least 10 point monitoring.

A system installed in the polymerization huilding can provide warning to work
personnel in that arca if VCM levels have gone above ceiling levels.

Personal monitoring data can provide the stalisitical basis for locating sampling
points for the ASMS,

- TWAs can be delermined by the personnel monitors for critical areas

- these values can provide a calibration for the ASMS and determine the
points within an area whetre the greatest VCM exposures are most likely
to ocour,

The ASMS can be used to provide corrclation with personnel monitoring di*1 of
actlual worker exposure. In addition, it can be used to provide a permanent record
of VCM levels, provide alarms in case of exceeding ceiling values, serveasa
means to initially identify the gencral sources of VCM releases, and to monitor
progress in complying with OSHA requiremecnts. '

THE AUTOMATIC SEQUENTIAL MONITORING SYSTEM CAN PRO'I“ECT WORKERS AND ALERT

MAINTENANCE PERSONNEL WHEN EXCESSIVE VCM CONCENTRATIONS OQCCUR

ceel ~Q

VCM emissions can occur from two sources:

-  slowly developing minor continuous leakage, such as a worn pump seal

V-16




The cost of installntion for automated sequential or continuous arca monitoring systems
is approximately $15,000 per 10 point unit with operating and maintenance costs of
about $30,000 per year with an operator. A mini-computer can be interfaced with the
system for alarming and recordkeeping for an additional $10,000 to $15,000 and O&M
costs of $4,000 per ycar.

Leak detection devices cost in the arca of $2,000 to $3,000 for O6M including a

part-time operator for each instrument.

4. THE INDUSTRY AS A WHOLE S1IOWS NO PREFERENCE FOR PARTICULAR TYPLS OF MONITORING
EQUIPMENT, ALTHOUGH THE CONGCEPT OF AREA MONITORING APPIEARS WELL ACCEPTED .-

The VCM and PVC producing industries employ a variety‘ of different types of
monitoring equipment in each classification,

In personal monitoring, both the colorimetric and charcoal tube system are
employed, However, the charcoal tube type are sensitive to lower VCM con-
centrations than colorimetric devices.

For arca monitoring, both gas chromatographs (GC) and total hydrocarbon
analyzers arc usad.

- gas chromatographs provide concentration values which are specific
for vinyl chloride monomer

- total hydrocarbon analyzers, as their name suggests, arc not specific

s for VCM but givoe the total hydroearbon concontrution in the sample air.
2 .
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serious leakage, such as resulting from an operating error (e. g‘ valve
left fully or partially open) or a sorious sudden leak (e.p. blown gaskot,
sipht pluss breakage, elc.)

In both cases, the system can prove uselul in alarming the potentially affccted
people.

In the case of a minor leak however, (with localized cffects) the sample point
nearest the leak will register the localized concentration and alarm on the next
sampling indicating Jocalized concentration ohove the limit

esponse to either type of alarm can be standardized. These steps could include
dcmmng of personal protective cquipment, investigation using leak dete-ctors.
isolating the point of VCM release and corrective maintenance, ,

4 #

The next scotion deals with medical surveillunce costs
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VD. MEDICAL SURVEILLANCE COSTS, RELATED FINDINGS AND CONCLUSIONS

Preliminary discussion follows:

1. THE AVERAGE TIME REQUIRED PER EMPLOYEE FOR THE REQUIRED MEDICAL E.‘XAMIN/_\TION‘
IS FOUR HOURS WHEN PERFORMED OUTSIDE THE PLANT :

From the information presented in the Appendix  Exhibit F-2, the time allowance per employee is
itemized as follows: ‘ ‘ ‘

"Travel to and from examination facility -~ 2.5 hours
Examination and laboratory tests - 1.5 hours
Maximum time required ~ 4 hours or 1/2 workinp day

2. THE SNELL ESTIMATE FOR TOTAL EXAMINATION COST PER EMPLOYEE IS $180

The cost estimate developed by Snell is based primarily on the-
tests and cxaminatlion procedures recommended to OSHA by NIOSH
as detailed in Exhibit F-3.

The costs were estimated for examination and tests completed out-
side the plant for a manufacturing facility with 500 covered workers.
) The total cost for such a plant would be approximately $82,000/yecar.




3.

INDUSTRY ESTIMATES OF THEIR PRESENT MENICAI, SURVEILLANCIE COSTS AVLRAGE
$140 PER WOHRKER I'ER YEAL

It was assumed by Snell that the examinations performed by the reporting plants were based on
the NIOSH recommendations to OSHHA. This will be confirmed prior to the submission of the final report

‘The chapter that follows presents next steps in the study
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APPENDIX D

PERSONAL PROTECTIVE EQUIPMENT AND HYGIENE

This appendix presents the elements of personal protective equipment and hygiene as related to their
purpose, costs, and availabilities. The appendix summarizes the relevant portions of the testimony at the
public hearings and details which types of equipment have been purchased by the industry. All exhibits
follow the text of the appendix sequentially.

1. REVIEW OF THE REGULATORY REQUIREMENTS IM'RESENTED BY THE OSHA VINYL CHLORIDE
TEMPORARY AND PROPOSED PERMANENT EXPOSURE STANDARDS IN RELATION TO PERSONAL
PROTECTIVE EQUIPMENT AND HYGIENE ARE SUMMARIZED BELOW

This section summarizes the requirements of employers in the vinyl chloride monomer (VCM) and
polyvinyl chloride (PVC) producing industries concerning breathing equipment, protective clothing and
personal hygiene as they relate to both the temporary and proposed permanent exposure standards.

(1) The Emergency Temporary Standard (ETS) For Exposure To veM (1)

The ETS applies to any area or operation in which VCM is:

- manufactured
- reacted

- handled

- processed

- released

- repacked

- stored

(1) 29 CFR 19810, Occupational Safety and Health Standards Emergency Temporary Standard for
Exposure to VCM

D-1

PN S i e e ST

!
H

TEad

i Tl W SRR A L




Wherever any monitoring sample reveals VCM at a concentration in excess of
50 ppm, or whenever any accident, such as rupture of equipment or spillage,
indicates the likelihood of a greater than usual release of VCM into the ambient

air

all employees exposed to such concentrations should be withdrawn to

a safe area

the employees should not be permitted to re-enter the work area unless
they wear either

type C continuous flow or pressure demand air-supplied respirators .
self-contained breathing apparatus : :

.

Work which may reasonably be expected to release VCM in concentiations in
excess of 50 ppm, such as the :

- repair
- maintenance
- cleaning

of a reactor or other equipment containing VGM, should be accomplished only

by employees wearing type C continuous flow or pressure demand air-supplied

respirators or self-contained breatning apparatus. :
(2) The Proposed Permanent Standard (PPS) For Exposure To VCI1 1)

3
*a
i

-2

- . The PPS states that engineering conti-als are favcrea - vthods of compliance 5
‘5 because they tend to avoid contamination of the an:bient 2ir in the workplace. N
c/{_ However, until these controls are instituied it renuires the use of respirators ?
pb of the continuous flow or pressure demana *;yes c:ly. Tte PPS requires i
& .
<o (1) 29 CFR 1910 Occupational Safety and Health Standards, Proposed Standard. _ . j
< $
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a respiratory protection prugram in accord with CFR §1910.134 should
be established and implemented where respirators are required to be
used by the PPS

- respirators should be used only in cases of emergency and where
engineering controls or change in work practices have not as yet
been instituted

respirators or combinations of respirators for pi‘otection from VCM
should be selected from among the following types:

positive pressure full facepiece self-contained breathing apparatus

pressure demand full facepiece self-contained breathing apparatus
operating in the pressure demand mode

combination type C pressure demand full facepiece respirator
operating in the pressure demand mode and a pressure demand
self-contained breathing apparatus operating in the pressure
demand mode

combination type C continuous flow respirator and a preséure
demand self-contained breathing apparatus Operating in the
. pressure demand mode

Employee entering regulated areas should be provided with full-body protective’
clothing, footwear or shoe cover, at no cost to the employee. The employee
‘ should be required to wear this clothing. Where PVC powder contains detectable
) levels of VCM in handling, employee should also be

NN

- provided and required to wear head covering

required to remove all protective clothing at each exit from the
regulated area
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required to shower after the last exit of the day

clean protective clothing should be provided whenever contaminated
or soiled, but not less frequently than weekly

contaminated clothing should be decontaminated before re-use by
removal for laundering or disposal

Where employees are required by the PPS to wear protective clothing and equip-
ment, change rooms should be provided in accordance with §1910.141 (e) .

Where employees are required by this section to shower, shower facilities should
be provided in accordance with §1910.141(d) (3).

The PPS prohibits in regulated areas

the storage or consumption of food or beverages

the storage or use of smoking or non-food chewing products
- the storage or application of cosmetics

C 2. A SUMMARY WAS DEVELOPED OF THE STATEMENTS OF INDUSTRY AND GOVERNMENT RE:P_RESENTATIVES

PRESENTING COMPARISONS OF PROTECTIVE EQUIPMENT TYPES AT THE OSHA HEARINGS ON THE PP3

This section presents summaries of selected statements of witnesses ai the OSHA public hearings who

gave test results on detailed comparisons of respiratory protective devices and protect1ve clothmg These
are presented in five exh1b1ts

-
Lr/' Exhibit D-1 presents the statement of Karl Oelfke, Dow Chemical Company
% comparing the types of respiratory devices.
-y Exhibit D-2 details the presentation of Dr. Joseph F. Tomashefski of the °
cH Cleveland Clinic also comparing various types of respiratory equipment,
4]
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4. A SUMMARY WAS PREPARED OF SNELL INTERVIEWS WITH VCM AND PVC PRODUCERS TO DETERMINE
THE COST OF RESPIRATORY EQUIPMENT AND PROTECTIVE CLOTHING UNDER THE ETS AND THE
PROJECTED EXPENDITURES FOR VCM LEVELS BELOW THE ETS

In this section of Appendix D the results of Snell's interviews with the VCM and PVC producing
industry in relation to present and projected costs of respiratory equipment and protective clothing are
presented. -Tue exhibits detail:

Purchased equipment and clothing types
. Capital costs
Operating and maintenance costs (0&M)
Procurement lead times
Relevant industry comments regarding topics stch as human factors

The information is arranged in the following manner:

Exhibit D-10 summarizes the costs to the industry for f)fotective eqt‘iipmeni
under-the ETS. '

Exhibit D-11 presents case studies of cost profiles for respiratory equipment
as a function of VCM levels and projected covered workers, including expected
wearing time.

815 VN
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Exhibit D-3 is another contribution of Dr. Tomashefski. This exhibit is an
in-depth discussion of human factors relating to the use of respirators.

Exhibit D-4 is a summary of the statement of Dr. Marcus Key, NIOSH,

Cincinnati discussing breakthrough times of VCM in air purifying
respiratory equipment,

Exhibit D-5 is a general composite statement of several individuals relating '
to the human factors involved in wearing protective clothing.

3. BASED ON A SURVEY, SNELL COMPILED RESPIRATORY DEVICES AND PROTEGTIVE CLOTHING TYPES
INCLUDING DESCRIPTIONS, COMPARISONS, THEIR COST AND AVAILABILITY

This portion of the appendix gives detailed description and comparison of the various types of respiratory
devices and protective clothing. Also included are their costs and availability to the industries studied by type
and manufacturer. As in the previous section, an exhibit format is used for the presentation of the information.

Exhibit D-6 is a general presentation detailing the procedure for the selection of
the proper type of respiratory protective devices as a function of use.

Exhibit D-7 is an in-deptb of matrix presentation listing resmratory devices and
detailing by type important topics including:

- function
- advantage
- disadvantage
- comparisons with other types
) - Bureau of Mines approval
L(j; Exhibit D- 8 prasents the costs and availability of typical respiratory devmes by
?\ type and manufacturer, .
b . Exhibit D-9 is a comparison to Exhibit D-8 as it describes typical prctectiva clothing
LT
o , types and their cost and availability by manufacturers,
hE, -
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Reapirsrory Device

Advantages

EXHIBIT D - 1
USDOL/OSHA
STATEMENT OF KARL OELFKE

COMPAFING TYFES OF RESPIPATORY DEVICES
AT OF1A HEARINGS

Disadvantages Breakthrough Time )

Nomt-mouth careidge or canister
respiraior (N«M)

Pull face canister type respirator
(EF) w/face mounted caniper

Full face canister type w/chest
mounted canfster

Coutirmous flow afr supplied hood -
{ Actd Hood)

Continuous flow alr sapplied lmd
(Acid Hood)

' Cantipuovs flow alr sppiied fuli
mask

Self-contained breathing apparatut ‘

Porwble breathing alr cylinders

| Eaty to don
Small dze
Lightweight
Ezy 1o wear and carry

a0 larger canister thao N=M type
last loniger

Eye protection {s an integral pare
of misk

Longer breakthrough time than
above

Good head spfll prowecrion

Good protection

Bewt of air supplied breathing
spparaun

Mobility
Long respiratory protection. Two
hours at & demand of 53 L/min,

Interferes with ceruin types of

eys protection ruch ar goggles
Can't fit all faces

100 cc candster has breakthrough
dme of 16 min. at1 ppm VOM
and flow mate of 300 L/min,

Wearing of hard hat becomes Acme canister of 300 ce sue: had
difficule breakthrough time to 1 ppm of .
Can't fit &1l faces 23 min. at 1000 ppm VCM,

Bulkines
Can't fit All faces

1 ppm treaktirough afer 187 min,
Same conditions as above,

. Poor mobflity for worker due to

alr haae

Bulkiness

Viston restriction

Lack of bead movement
Poor mobility for worker

. Vislon restrietion

Poor mohllity for
worker due to air hose

Wearing of hard hat becamnes
difficult

Poor mobllty for worker due to
afr ke

Afr rupply 4 normally Limited w
15-20 minutes in the pressure
demand mode

Soutce; KarlOelfke, Productdon Manages for Vinyl Chloride, Texas Div,, Dow Q.emical Co,, Statement presented to USDOL/OSHA Hearings on Vinyl

——ird

Chlotride; Occupational Exposure Standard, June 25, 1074 and Snell apsessment,




Puposs

Method of Opertion

Uscd w0 remove comaminam fmm
ad stmoephore thit cobtilos an
adequate couceenition of 0y (>10%
by volema),

1. Alr Murifying Type

Urially smploycd for spocifie wshs
or fux

Advaneages

EXHIMIT D=2

| SDOL/OSHA

STATEMENT OF DR, JOSEPH P, TOMASHEFSKI COMPARING TYPEY OF RESPIRA TORY ECRIPMENT
AT OSHA HEATNGS

Dits dvints gra

Comerst Conunens

Work by clibwr flimtlon, adeotmion,
or & chemical reaction to ramove
COBLAr i,

This type has & b cnoaoctad W Ao

Fovida complets roapliatory o=
el for amy comcentmuon of
toxle gM of ovygem deficiency,

Sowrce:

d alr source, They may
be ouuippmd wi/wo blowen or dwy may

bave aw alilloe attachment for contime

oum o deinand Tow.

Premue=ieimand type, The alight
nopatlve pressupe inttlated by the
individusl at the taglnaing of
lmplotion tipgen tha valve o that
vhe goy will Nlow 29 It 1 aceded ot
an approjwiate raee.

Canixer maada have stwsched 1o them
a canipar containing ag adeorbet.
Such masks are of vale In protac=
vion agalam:

+ Orgiuic vapom

« Aokl

+  Amineala

» Carbon Jloxids

They ane very affective and they can
rrovide cffective ard wliable proxcuos.

They may be vssd wish full fsce
madd, hoods, or with full body sulns,
Many alr-sapplisd replmton smploy
2 ilight paitive prewuse in oot to
prevont lowand boakt  They ame gwd
for hazardony emviroumena not
imowdiawly dangemu 10 lifs,

Thay can ba wnl with sn alt source
or an oNypad sourse,

Paeplraton inended to filies pardcutates offer w morection againm
ga of vapom,

Al potlying mipimion podece igh o bmathi

Towtbmdhemndnm
o g 1t I p W remove
mnnvmmmvmmm“‘.m

Amnlnhh-mhnnddm_mhﬂum
wupy sod seetuopological shapuctarizics (s ofvas & eoblemi, Many
tives masks te ba folded 1 Ladividusls—as el leahage
tommonly eccm,

Tha e both toatpi and SEDN MO
nommmmnnnlypmnhemnyﬂlhym‘lm
the dumy yet dils time, woo-vidble dux may be ast bermiul,

Chemical carccidge ype maka ave wwally of the hatf ok’

variaty, G chemim] adewbaty (chatooal, sods Lme, or sllles

pob) have vary limited application aod are of valuw wihen weed
aghinet vipon and gases of low tmicity.

Whan blowan ste amployed with sich esaplosvom, It L docamary
mhnnnhﬁvlm;uumthm-uam-by. .
Such resp prodace so & d

They frequantly hava & loog hos attuched, whlch. in ks,
sy be & Adlsance of & safety baarrd,

Thare are Umbation on tha maximem -gmdm-nuen
e wmd:
« Uss w/oohlowar:
+ Us v /blowar

50 fl-
150 . w 200 M.

The sl ontaliod sppatatit s haavy, bulky snd renulres
highly wainad individuals for use.

F & oot requised,

One muR be rare thar compremoed alr supplied &
fres of CO and €O,

ﬁumummmm wif-
containod rerplrators to have waming davices
Indicating that the pressira supply 18 gerring
ow,

Josaph F. Tomubefsd, M. D,, Ilead of Pubmonary Niseass Dipartmunt of The Cleveland Clinle, statement pressnted to USDOL/OSHA bearings on vinyl chloride; Occupational Expokans Sandard. Juna 25, 1974 and Soell amemmmnt




EXHIBIT D=3 (1)
USDOL/OSHA
STATEMENT OF DR, JOSEPH F. TCMASHEFSKI

DISCUSSING HUMAN FACTORS IN RESPIRATORUSE AT
THE OSHA HEARINGS = PROPOSED PERMANENT STANDARD

GENERAL FROBLEMS ASSOCIATED WITH RESPIRATOR USE

Problem Areas - ‘ Problems .

1, Safety in Terms of Fit and Iraproper Sealing of Mask . » IHfaleak occurs at the mask, especially an inward
) leak, the toxic materials may be inhaled and a
false security will be provided.
. ‘There is 8 marked variability in the contour of facese-
therefore it is very important that any mask fit
comfortably, otherwise an individual using it over a
long period of time may find a mask to be intolerable, -

2. Perspiration T . When effort is expended and work is performed
requiring increased oxygen demand, perspiration
is not adequately evaporated-- it remains within the
mask and produces an unpleasant effect.
. Toxic substance may become trapped between the
skin and the mask causing Iocal imftadon,
. Allergic reactions have been known to occur,  *
3. Psychological . Many people find the confinemnent and sense of
fsolation distressing.
. Othes are uneasy sboui the need to work inan .
environment that requizes the use of such equipment.

4, Respirator and Mask Dead Space . Itis very important that the individual not rebreathe
erhated air, and that the dead space in the mask be
kept to <150 cc or that the mask be adequately
ventilated to flush out the dead space, Otherwise
th.1e would be rebreathing of exhalcd COy and a
deficiency in inspired 02.

’-‘ /FJ‘ ]\r‘ ""lfﬁ T P* gl
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EXHIBIT D3 (2)

GENERAL PROBLEMS ASSOCIATED WITH RESPIRATOR USE (Cont'd, )

Problem Areas

Problems

5. Design Problems Associated With the Eyepiece on Full-
Face Masks

6. Speech Trammission

7. People With Respiratory Diseases

8. Pewmomnel Training in the Use of Respirators

They should not distort the vision.

. They do decrease the field of vision.

If an individual wears glasses, the glasses can
become fogged or the eyepiece {tself may become
fogged.

The tndividual with bifocal vision may have
difficulty in performing his task’

1t may be necessary to construct the eyepieces by
means of special grinding with bullt-in lenses
Anti-fogging compounds may have to be employed
or a nose clip womn to prevent fogging

of the eyeplece. o

All of these can decrease efficiency and be uncom-
fortable and unpleasant for the individual.

Upon movement of the jaws, the mask may become
distorted and leaks occur,

It may be necessary to equip the masks with special
diaphragms, microphones, amplifiers, andradios to
provide ability for communicadon.

People who have bronchitls, emphysema or chronic
asthma should not be employed in work using res-
pitators,

This lim{tation knocks out a large segment of the
working population (approx. 32% of all males and
females over the age of 35),

.~ Personnel must be trained in resplrator use, workings

and care.




EXHIBIT D=3 (3)

GENERAL PROBLEMS ASSOCIATED WITH RESPIRATOR USE (Cont'd.)

Problem Areas ‘ Problems .

8. Maintenance of Respirators » Masks must be {nspected monthly.

. They have w be cleaned and examined after each
use. The washing should be done with soap and
water or with detergent and allowed to be 2ir or
force dried.

. Occasionally it may be necessary to sterilize the
mask, because {t may become a source for bacterial
¢ontamination and disease transmissjon.

. Cleaning and repair stations have to be set up where

. masks or respirators are being used.

10, Storage . Storage is another factor that must be considered,
Proper facilities must be provided to keep the
respirators and thefr component pam in good
conditdon.

Source: Joseph F, Tomasheftki, Head of Pulmonary Disease Department, The Cleveland Clinic, Statement presented to USDOL/OSHA
Hearings oh Vinyl Chloride; Occupational Exposure Hazard, June 25, 1974 and Snell assessment.,
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EXHIBIT D=4
~ USDOL/OSiA
SUMMARY OF THE STATEMENT OF

DR MARCUS M, KEY AT OSHA HEARINGS = AIR
PURIFYING EQUIPMENT TO VINYL CHLORIDE MONOMER

Respiratory Device Test Conditions Breakthrough
Organic Vapor Cartridges VCM concentration: 50 ppm 10% Lreakthrough . Because the odar
S50%R.H. - in 40 to 75 minutes threshold of VCM b
Flow rate comistent with a . Service life decreases {s comsiderably higher
moderately heavy work rate as R.H. increases than the breakthrough
.concentration, it i3
Canister Gas Masks VCM concentration: 100 pptn . 10% breakthrough In the position of NIOSH
S0%R, H, . - 200-350 minutes . ‘ that the only suitable
Flow rate comsistent with a Service 1if: decreases respiratory protective
moderately heavy work rate as R, H, increases devices for VCM are _
' “supplied respirators or
Gas Mask Facepleces VCM concentration: 100 ppm . 1% leakage positive mask self
50% R. H. . contained breathing
Flow rate comsistent with a ‘apparatuse'sh."*‘
moderately heavy work rate - i —
Source: Marcus M. Key, M.D., Director, NIOSH Center for Disease Control._Statqnent presented to USDOL/OSHA
Hearings on Vinyl Chloride; Occupational Exposure Standard, June 25, 1974 and Stiell assessment, — ~
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— dumy Reprenative | ____ ClobingType
¥. M. celnd 1! Full tmperviows premrised mit
F.Y. Noy (D Full hody tmparviows et yupplied

it

Impervious cloves

Advantager

Proreetive apainit vinyl chioelde

Prevanns viny! chiloride gm from
santarting hody

frevenn vinyl chloride from
contacring hands

Dladvanuages

Maces worker in slmation of
unaceeptable heat stren

Prevents body heat and molirure
from pasting 10 the stmasphere

Garment would yuardntee long-
wrm exporurs to VCM {f, by
chance, soine of the gas enwered
the garment

Gloves will diminith employee's
dexteriry

EXHINIT D6 (1)

USDOL/OSHA

STATEMENT OF INDUSTRY REPRESENTATIVES ON HUMAN FACTORS RELATING
TO FROTECTIVE CLOTHING AT THE OSHA HEARINGS

Phystologicat Comsiderations

A worker, vhile wearing nich a nidy
in & wat &fter § minutes sitting &t
85° F amblent mmpararus, had »
kia wmparanre of 100, 9 ¥,

Afwr five sdditionsl minutey of
do walking the skin rempurarury
wits 101, 89 F and the body tempera-
ture which had bean 94,49 F at the
hagiontog of the ter, o8 W0
102.49F.

The heat and dlscomlon produced
will producs fatigue reducing
employse slormen

Ferspirarion genersted by the suln

« will cause swevere dixcomfon

Human Facton

Commentt

Sufe wndy o be 3 waiety hazzard
because of i bulkiness snd
Hmited visibiliry

Hearing & difficult

Communication with athers Is
lmost {mponible .

- rosy
du 1o cumularive al"ecu of
farigue, unsure footing

Reactor cleancrs, required by thelr
Job w be wre footed, will be
grestly impaired by bulk of wult

!.mployu efficiency will drop as
much as 7Tk when such sujt
ar wom

" Operators will find fr difficult to

operate contiols and keep records,
and mainwnance men, parricularly ,
nytrument snd electrical repair-
men, will ot be able to perform
thedr Jobs safelv and properly

The e of this rype sit should he
Hmited 1o etergency siteations

Premiitm wages will be required o
Induce mmployecs 1o wekr iy

Recognizing the fact that the win
represent & wlety hazed, the
Secretary of Labor did not require
thelr use in the carcinogen sundarl

Because reactor cleanery are idensi-
fied 82 2 growp of maxirourn

dik they should be supplied

with "potectve” miher than
impervious clothing and glovs

in order o protect then fom

ikin contaet




. Induntry Gepueseinr=ive Lluhing Type AdvRiilapes Disadvantages Piydological Considarstions

H. K. Fawhent (M Alr wpplied win ’ Deshned for exactly the kind of
Weation & mactor M‘

Sources; (1) Wrirmes sbmisslon by K, H, Oslfke, Production Manager at the Texas Division of Do, Chemical LS A, Presented ot the USDOL/OSHA Hearing ou the proposed | staadard for

EXHBIT D-3 (D)

Humuan Facron

Commeny

Faople could work for long parlods
of tima weiring alr sipplied sufn
1i the alt ware directed throughout
the adt,

Equipment can be need if ptople are
sducated 4 upe ft and Xnow the
advantsges and necexsiry for uring

(1) Steiamene of F,F Hoy, plant manage:, Flressooe Pawica Company, Feryvile, Meryland presenved st USDOL/OSHA Hearlng on dhe propowd pe fard for foni &1

(3) Stamment of H, H, FAwcetr, Chalrman of the Commitiee on Chemical Safery of the American Chemical sockety at the USDOL/OSHA llearings on the proposed permanent standard
for occupartonal expaure 1o vinyl chioride, Joly 9, 1974,

(4) Snell amemmant,

X

1]

10 viny! chloride, Juty 0, 1974

People don’t want f1ls rype of
equipment bacause It it gavkle
and et money

10 viryl chloride, Jme 28, 1974
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EXHIBIT D-§

USDOL/OSHA

PROCEDURE FOR SELECTING RESPIRATORY

PROTECTIVE DEVICES
Oxygen ) Toxic
Deticiency Contaminant
‘ 1 _— ]
I i f ! ]
Sell-Contained Hecsa Mask 5 3 ic
Apparatus Weik Blower Gascous (aseous Partluyla!e
13 (15} And
Particulate
: ! l
Immediatel Not Dust, Mist . Abrasive
Dangeruusy Immediately Or Fume RA" !.v_ne Blasting
To Lite Dangerous Respirator ES;;:’J[DI Aeuspizalor
To Lite (21 09 (19)
] I ] = 7
Sell-Contained Hose h:,“'\ Gas Air-Line Hosn Mask Chemical ’ .
Apparatus Wit Mask Rewpirator Without Cartridge
i 13) Blower (14} 119) Blower Respirator
l (19) i (19 (23)
e R ___,___.:]
. tmmediatel r Not
D::\;e’rousy Igmcdmlcly
it angerous .
Tolife To Lile
]
[ . ) , Co RS
Sell-Conl : Gas Mask Hote Mask Chemeeal
. Contained H,ow Mask With Speciat M".u"c Witi.out Cartnidge Respirator
oy Apparatus W:lh Blower ; Rospirator ae
S/ {13) (19) Filter (12 Blower with Special Filler
\ﬁ {14) ‘ {19) (2
Z j ! .
Note: Numbers 1+ parentiw: refer v, Bupeau of Mines Schedules and Pevisions then of,
b . SOuce: After Bureay of At informition clreular 7752
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tevory Dyvice

1. Alr Purt Devices

@) Mashaniont Fitwer

@ Cemical Camtige
Rospinion

o/

Apeltcadon

Atr Pusfylng Devices emvwne

Methed of Operarion

Varows ch

fio the Atmosphere,

Mechaalesl Fiiter Respiraion provide
espiratocy agaiout p

matier wich s non~votalile duits, M,
or metal bumes, Selection of the Jppro-
priane sespiraenr is hawd on g vype,
toxicity, dnd pittici site of the
pardculite matwr,

Chemica] Cartridge Rospimmon
afford peotection agsimt Light rons
ccouation (08 & 1% by volume,
dapanding upoh the comthminant) of
canain actd gamy, alkaling pams,
orgule Viptul, Andl mascery vapon by
wiilistng varous chymical filen w
purify the inbaled alr,

and vapars and nicchimenl fileer
reve particulate mater,

They comist euencistly of & wit
twsiliant faceplece of cithar hilf-mask
or [ull-face design, to which {s
dircenly attached nne of mvaral types
of imochanieal Alver Made up of wme
fidenus marenial which smoves the
harmiul parricles by physea? tepping
a0 9it 1y lohalod theough she material,
Giirous maner sach & atr it il wil)
pae through the filier, but wid ar
Uyuid pardeles aro tspped tn much
e sAma manner ay roeks and pebble

" are veparaved oo wnd (n & wreening

proces, The fliter rur br kghly
afficieny howeyar © 1op the small
armbud parc s,

Theey differ o mochanical filier rei-
pirewom only in that they me Wil
cantidge conuining chemicsls ©
removt Rarroful gases and vapi,

Umitatjom

Usefol Like

remove specific grier  Can be wed only in stnwspheres contaiaing

sufficient oxyyen W sxtaln lfe (at lean
1% by wolume 31 s Mevel) and with-
in specifiad concomration lmitstion

of the wpacific davice,

Mechinlca] Bur respinton do pot provide
againt gaser, vapons or oxygen deficlency,

Chemics! Caraidgs Respiraton sre non-
emergency nepliewry protectve devicn
and should oeves bt wied in Immadiacely
dangerous Aunowphants, excapt for cacape
PUIpOsts,

Howtvir, 1 clarify thic genki] statemant,
£ will e w1 to lisk four ather major
nwegatvwe rutes which apply 1o Chemte
Canrdge Respimwr

« Do oot om Cherdesl Canndpe Ra-
plotion fbr prowcton Sgainet gasous
matertal which iy exeemely teaic in
very small concenmsdont (carcinogem
wch a1 VEM),

« Chemieal Carridge Aewpiniton okl
o be uicd for exporores © harmful
Nasow mary which rannot tlaarly
b dutented by bt (il 41 VEM (0
CONCENImIivg € Tt ppm).

The wafal Nix of an ajr purtfying device
is dapendent upoa the cencenaadon of
the contaminena, te breathing volume
of the westy, and the capaciry vhb-‘
i purifylng madium.

EXHIHT D+7 (1)

USDOL/OSHA

COMPARISON OF RESPIRATONY PROTECTICH DEVICES

BuMines Approval

Schedule 21

Schedule 29

Comments

Ocher than the Jiffrence hetwesn o balf-mask
faceplace and & ful} faceplece, which 1f used
whan the prrdculsie axposars 1s hamiful or
Urtating 1 e eywi As wall 4t the huplmtory
trict, the filuer () dwe moxt enendal ditincdon
among clases of smepimten, Tha moi dearable
compromist friust be worksd cut for saca clay
with mespect ©0 hewathing ares (ssa), resirtance
© 1 {n Aisering p

of spactific due mnges and ume required w
clog the filter,

Mouthpleca type chemica) cartridye resplamrs

offer protetiion againm Inwonittant sxpowm
o light concantrations of grees and yapon o
may be used for mif-resces in dmes of cauaye
tmphe.  The mouthpiece & din promatet
compacingsts=juch 3 reminor can be con-
wenlandy caried by the wvorkman during All
working houn or gafed conventeraly near the
wark location for immediate availabtifry.

Comaaton mechapoa] Aieer-chemical Mlter
resplrnioes utiliza durt, mis, or fume Bln
with & chemtcal canridgs for dual or muliple
expossre, Rewptnbion with Ladapandently
placeaty 1 Bltert 4w prefemed
for this Type bacause tha dut filter normally
plugs tefore the chemical cartridge fs exhiusted.
Ona camb b Hlter

respioior empioys # bick mouned Aler
wlament amd 13 especially sl suined for
ey painling ard welding oprmtiom, whan
tha air contaminany it eoncantrated 1n frowt of
e wrkar,




AT D1 1)
Reepliorory Device Applicadsn Vethod of Operstion Limiutiom Uielul Life e Aprvorat Commenn
. Chemical Cartridgs Ruspimewots dymld pot
bu wwed agAlne sny gowows mawdal in
coocemrations which st highly Iritsting
o the syus,
- Coviomly, Chemics] Chrddps Respicron
wannot be ued ot prowrction againet
ghmowm tanteral wiich it not ¢ffxcdivaly
#opped by chamica] 814 utllized, regand-
e of coacantration.
@) Gy . Gar macky have been ustd effoctively for many  Uws Large canisen mounwd on wedren  Bechom P masls are sir purifytng devices, The survice Ui of an air purifylng Sehadule 14 Caniner Replacemm
yean for mepiniwcy protection sptian cenain wric, kme primiple of opeaation as desigad wialy 10 emove il coname canister Type gad mask depaesds on e
AN, vapon and pirticulite matwr which in the cartr{dge systemy,  S0me canjsest inenn foni the aly, I (s emenctal that tady followiog fretan; , T it geonmily rocommended thit gay mask
otherwist might be hapmiul w Ufe or bedld, Jocaued on chin. Cantaxn differ from e ba tewrictad o stmophans which contaln canmswets mad for ¢merpency puipest should
They provide Mmplicity of operation, com- camridged in thay chay are much larger  wallficient oxygan 10 mpport tia (a beast + T dasigh, lncluding the quelity and b repiecad afat mach o, Specille
phcinem, sdu of matmensoce and ecooomy. thien the latter, 10% by volume at ma lavel) aod which smound of chamicat Bil, packing ] for cantuar mpl and/or
. cantain geterally 56 mon thay 2% sl formity sad dansiry, mtan w fresh afy xee;
concestrationm of toxic gases and vapon by
. woluma, «  Vatiabls axponu eoadidoms, n- ! . If canivels with window indicason
eluding con-corition of contamingrn show the ipacifiad color thengea,
'] 10 the alt, brydding réte of s wearer,

, and b Y. y . Ifapy leskage 44 detmcted by Tnelt,
highet comcantradom, beeathing mtes . Mix, syer, Nom o funat lmiu Hon,
and bumidity condidions advermely |,
affact wrvica U, $in0« The wxpowine + 1 high brearhicg seilstince devalops.
conditions are whject w0 wide varisdon,
1t 11 moxt difficult o esiman the wevice + 1f the cainmr shelf Hin {1 excended,

f Wi of & gis mash canipmr, Howaver,
for guidepos piipeme, Attual min wae Wasing $igos
perioemad uivder Suress of Mines $choduls
4 sipultse the following mialbum Spacitle warnag dgne vhich requine
WYICE AW MERD AT AR SVEI R immediate rerim o frech sir dm;
bresshing it of 25 Hiars per Minue in
concenmatiom of ¥ for mom g +  Uncomfortable best in e tobaled aie,
and vapors of 2% axvamonds; (A proparly Sperating carditar will
bacOUW WATIT on wApOIIe W CATID
= $nduwrisl Size ) gRaes o vapans, byt A canimit which
.~ Chnirtan J0 miturey buzomes extiemely hot indicsies dut
' concantirions above the candsier Gmiy
= Typa N. Ganiray have twan snoountired, )
¢ yeheid G 18 minuw .
L/) 44 Ovgandc Vapom 25 minuwd «  Wrapma, dizstnas o sgne of dvira
+ s Ammonia 18 Minuees dayuiop,
(- » o Carbon Mommxide 30 mimim
2 Supar Siz¢e Conistar, bicousn of their
<\ preater voluma of chemical AU, will lan
apgraximately twice as long &3 the equl-
“-" vaiant Industeisl Size Canimer, Clya

Style Canittats, bachust of thalt xmall ses,
At oy el (8 G RIA N o TN
axcwis of U ¥,

ot
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ey Devica
2 Smln‘ Atr Deyiots

Appliciton

Prvide alt Brom cutstdy wuso r lng
parichy of dew, .

Conssant Dow anity am 1omally used wher
Wry iy a0 ample i mpply mch a3 provided
by ap aly campicaod,

Conctant-Flow Alt-Ling Retplratant with face-
Mecet Alohe MY W whishs Raplralery naeciion
only (s menbed, A hood can by ahled w the
tacopiece far protecdon againi und or st

blan and Bequently & heimet (s wsed for this
applicston with & hood of cape Nmed w e,

Such units Aty wicd Alw Jor lead grimding

Method of Operation

Dclivar teeathing air through » spply
hewe connacted 0 the wearnen ecplece.

Tha sir-ling resplratot s connectid o
» siteabile compressed iy watee by &
boag of ymall imcr dianseter #od Alr iy
delivered w0 O wacr Conrf il or
imrmiTenaly in subficiant vohime w
et the wester's bicAthing reduire -
mem,

Umimron

Shail be usesd ouly (o stmospheres not
tmmedlately harmbul to Hie. Alr joures
muit be locased i clesn Alr And mondumd
frequenmtly,

Atr-Line Respitots shall be wsed ouly in
armosphares nor immedistaly hemmful w
Ukt of Bom widch the wearer can escaps
withoul the uae of the respiotior.  This
Umitatlon i aecesary becauns the atr
Line wspimwor i catirely depandemt uptn
an a1r wmpply which 1 not earried by e
wester of the respimine.  If tha #ir supply
fajls, the waarcr bs without tesplestory
protaction and might test oacape from the

Y
Ancther limiuagdon of air-Lna maplraoe

14 that tha sir sipply host Umia the woarer
W & Bred digrance fom the air wpply
wurte,

The Buteay of Mioes appmves air-lios
reipimon wndcr Schodale 19 which bas the
felowing sgnificant eequiremeats, The
Maximum hoss wngth for which approval
A o U 280 fost, avd S mAximum
peonimible inist presuss s 125 mig,
Approvsl (s mught for spicific boss Wogths
And inlet presures, With the fonges bowm

langths for which approval iy sought amemblad

10 tha reapiritor, and the lowest inler preture
tmurodeced wr e dir mipply how, comunt
Now unfts et deliver ot Laast four cuble
feat per minnte {CIFA) mosmred at the face-
plece. The azhaladion jesimance a1 B3

lten par mimaw shall oot exceed onc (1)
inch of water-columa hoight, .

When helmen of boods am wad, e ame
fequirematty must be mat axcapr that ha
Mow rite mast b ax long dx (8) cuble fest
per trlrustn,  For bath typet of Amsmbiiey
with the highest fnlet prespuse and ahortesc
hase length, the maxtmud flow shat) not
excaed Afusen (18) cublc feet per Minute,

Useful Lifs

Ar long ma a1 4 wippllsd and weaset &y
comfottabla,

Atteucry ATWETANE Wk Ay preaom
regulacon, pecaum relief valves axd air
fiten may be tecesmiry  amsie Tt the
alr tn ay U peoper grooeim sd quAlity for
brathing.

Mr-line s try fosided (8 mary
typas, hut dune are thne Begc claom,
Tim are comsrant fiow, damand fow and
peesmirn demand flow, with de sepleuon
amippedt with hall mass or fu'l eapleces,
1f &ye pertcetion ix raquired, 8 full tece-
place ot be wed,

The adr mupply ta the mapomitHty of the
oy, aad ey ale-ti Pepizator 4y appeoved
= wa oaly whaa {t wpptics wpinbla air
Sttt tooect phowate and Nrw,  “The com-
pmmd afr $hall mast e most tocent

of G d Gas A
Spacification G7,1 for Type §, Clam D
Ao 8, Thiy eerently il vt th
carhon monvxide level not wscesd 20 pars
pev mllion (ppr), she caibon dioxids cootent
oot exceed 1000 rpm, and eondessed drydm-
earbons not exceed 3 milligrmms par cuble
oy,

With Lrasmally lubescatnd plsng- ryps compress
e, ovctistiog oy prduce catbom monoxlde, o
rowtine teeting for carben fooaowide or the inszella-
vew of 3 comunt mooloring amlyrct s desinbla,

Some alr comprematy are magtfacursd pncifc
ieally o provide respirabls ale  They um
oomprenion sl Uguids meh 2 water ot
diaphragms for deliveting the alr,




Applicadon - Method of Coeration

Demand Type s gricedlly wed whert oaly Demand fyps lr-lina respiraion with
d 531 cylindast arw 1ab hatl inavke or ful) Incepleces detiver
Aty fow only during inkilation with
exhatarion 10 tha atmaphere.

For dwowe conditions wisets the posblc lowesd It prrvides 8 posithve pressim during
leakipe civend by the nagative promy both iohalstion smd axhialation,
ning Lohalition slways presnt in demand

oywerd i wnacokpablie and deere can't b

e iclstively high Aty conmmptios of the

eommant flow unlt

Nowm maske with hlowen méy be spproved by lower forces alr {mmo mayk.
Bemiten for mapinitory protction tn any

attnoupbem sprdien of the degres of con-

mination or oxypcs deficiency, providing

elean, bacathable alr can be mached within

ha dskince of the perrinible st fength,

Lioes muasks without blowart are sl when Wearer karcen air fnse maak thivagh
w-oomaminated ale can be machod within a iy ovn beathing,
drano of 15 faey,

Lindudons

A pitable psue segulator I requirad

W crmite hat e al2 45 AL the propet
prevsry bof buathing, The ame muie-
ments B appioval apply w te demand
type 41 1 the conmiant flow onis, except
the flow ata

of ™o (2) inchas of water-columu height
meanyrd at the (acapleos shall te at leart
four {4) cuble fect 8 minute And not room
than fifwen (15) coble fean & mine with
a1 bomt Lyngths within the falst pross
rnge for which appmval is sought,  The
exhalation pedsance at 83 Hior pat
minute s}l not excemd one (1) fuch of
water,

Tt must mees the me pquirements br
damand ryxiams except that the satc pmmra
10 che facaplace sl pot excosd 1. § {nches
of water, dwe exhaladon selstance st i3
Urers/minute shall excead tve HATGS premus
in thy facepiece ry mom than 3.0 inchey of
water arnl that them be dt kesst 4 PN aiy
flow during tnhaladon befont & DEgATYE
prezure iy unvelopsd in the faceplaca,

thwe masks with blowen can be wed with up

w Bud fr. of howe, The blower should atways
be usd with this typs of equipment, taly bnd
driven Blowen sre custeatly appeoved,

The air how mult have & large loride diamerer,
approximaicly oog fach, w0, 18 cam of hlower
fatlure, tha wearss can breathe tyouph the
Iwse whila escaping fom the soniminad
areat and 11 stiust b hiphly feslatant W
peticloum vapon as well as be kbic to withitand
srushing welght. ‘Thay acevunt for tw heavy
wite reitdrcud wih akt owit,

Can unly be umd up W 2 distance uf 75 oay,
Thoso wnlw, tmwceer, curry valy Hmiund
approv] aml ganiut by uwd I8 ainpleres
tromediascly harmiut 1o ik, Nuteau of \ines
Approvil,

e e, G R TR R R

EXHINT D=7 (&)

Tha entirg how mask amemhly, {nefud{ng
frccpleces, harmeas, air bowe, and blower,
Is ussally pachaged in & portable trunk,
The Blower opeRor serves alm a3 4
sandby ot guasd, ready to 2id the work=
man ja caw: of mishep.




YXHIMT D7 (8)
< Noptmrory Devioy —Application — . MctwdofCpemtion v Ysedel Lite —Jmtincs Apmomd Commerny
8, Solf-Comuinad Bumching Self-contaland mathing apparto: ovide Saf. d b app am  Major problam or 1 baliioen of P 00 sise of My cylindess Schadule 13
iy conpirts miplmiofry o don La waic divided foro v baudc types--oxygen  appimana, and, u the chvm of the shmatsg
g il wham tam is oxypes daficicacy eytiader sebevathing, demand, sod fypes, on tin COy nemovel cooiinet, .
‘The werny it iadepmadent of the diong M-gr
Tociue ba i g whh &

admitring o cutside aln” The oxyfen
o st spply of che Bpparama ftaaif wiws cire

of swplst ey mauise mect,
o L The exygen cylic ter sebrasthing type The oxygen cylinder mun bu mitllad snd e The types of Cylindes wlenthing units The wif-genonating \-‘Mn(‘lpﬂ-t- diftan

%‘ 1 1z sy 13 the *ung-governd” carbon dioxide-mmoving chomicsl mplaced MOV masitictuied re appured by Bom ! cylinear g app

Ty type which symmadeally oot afnr eack oM. At U tae of all sptmnry e Bovwa o of Mises for two, thros or fn thar | wilines & chamical canlwer wirich evolwey
for the varying breathiog dernand of the  peiacdve aquipment, Taining in praper um oy B daisdom, oxyges and reracves the exhaled cathoa dioxida 1n
wr, (¢ consts of & s ly mmall and 1s exmnriad ot e mow </t~ wuney with b alt-
cylindar of aorguesed cxypen, wdwing clent oparton. Tha wmif-pensmtiag tfype spphretos Is minatcs high presun cylindem, myulatiog valvzs,
snd mguiadog valves, 3 bmathing by, Appevad by the Tumiti for oac howl, 284 ather machanical componean,

faceplece of mowhplecs ply nom elip,
apd & chamiios! container © mmore
carbos dioucide fiom the axbiled breath,

The wil~geomting rype wbs the

+ peincipls of mirancing: but it kas o

ot mmth:mmw
and will e dacamd wpncew,

Thee high-peuire oxygen faam the
tylinder U reducad (o prowws © 2
branthing level by resms of & mducs
ing 308 mgulating yalve, In mme vy
thars {1 8 congtasy Dow plas & Tung-
oontrollad valve which adds any meuire!
ailinond] fiow. Ouher sppasca heve
oty ap sdmision valve which deliven
ha duygen from the beeathing hay o
e waanr's face,

Exhiled bopsth phasry down Another hibe
nis the coima(omt bolding vhe carbon
foxide tamoving chemical and then
dimagh 4 aaolez.  Fiaally, the putBod
rxuindon Dows Lo tha bresthing bag
whare {1 miney with Uw Inceming oxypen
Tront whe wyMudae,

The mireathing principie peimite the ot
elffelant urilinaton of the oxyyea wpply,
The wihaled brokth tonisine both axygen
A carbun Hoxide Se i Muran tady
exehers enly 8 amall pirr of due uxygen
trhwled,

The otse bour servia Hie for e sil-genciating
Type apparutid {a liaed on st peocodurs of

Sarcay of Mines Approval Scheduls 13 and in did

& lomes of WG piection period may msult

based o e wctr and his dave! of eicrdon,

B Y O

Hi

= 1!*.4;7.' TR g

Tive cimister, Which cotzalns powasdant wpmoxide,
wvalvma oXygen when sonthcurd py the motriate and
carton doxidn (n the whaied teex i, and statn
e chibon dloxKie and Mmoo, R mining meotiom
is Impertane 51 1t 0idy (n provaniing leoe fygging.

T wee, thy eol-geaaidiog anlt opemtixs a4 othat
sebmdihing AppAMES £¥CEpt Thar e weawr, wing
the casixnr, maker Bls own orpgen tarasd of drawing
fun & compreamd gir eyfinder, Tha cutmimding
Teatums of difi typa £ !t dmpliclry of coaTroction
a0 we, and ookl nad for matmentmte when cam-
pind with bigh presin’e sppamom,

There ate arvess] methods foe refiT0R or recharging
Nigh prexcucs dir ot oxygen cylindens, Compreuon
am @omatiows nesd, but the Smples and mor con
vendant raethod bt w caseade from larg wipply w0
wnall appanton ¢yHivdors,




EX1OET D-1 (8)
Mipirtory Device Appileston . Metlwd of Operrion Limitationy Usaful Life BuMines Appeoval Commesn
As the user exheles {nto the contatner,
the carbon Juxide 19 removed by the
chemital dnd the oxygen which s Left
19 rewsed.  That mathod of operadon
applies W A1l oxypen cylinder mbmeath~
ing rype sppasatus oy well a8 1o the wlf- .
gencrmiing fype. .
(1) Demand Typs Demibrd-type spparitws are available in Al constst of & high peemure cylinder, AN demand app A y inethh Typiesl demand type appesatos mech The term, demand mpularor, meam that the afs
ifferent models foy specific applications, & demand regulator connected elther when compared with tha rebreathing typa, a8 the MIA “Alr Cub® ame cerdfied flow {1 on inlation demaod, sutomsticjly
direcity or by high-prenure tube 10 the  becauss the exhabed oxygan Is released w the by Bumine for 15 mimyim, Ochers regula oy feself o the desiwd laval to compen-
Of povdcular application 1o wme {ndustries eylinder, & facepleca snd fube dtembly  atmiosphese Snstesd of being re-used, wich ag th MSA "ALr Mask® are e for vartadom o beos thing fbode,
s & hort dymio undt krown a3 an " eage with &p sxhalaiton vilve or valves, am wardfled for 30 minutes under schedule
mask * 1t s pormally wom by & werker at A mcthod of moundrg the complets Work mask typet ar {imited by the conncedng 13 for eniry inte and crcape from Demand apparstu depend upon watching &
times when b is In an ares whew 3 puten- appamius oo te body. 10 v, the how which Limits tha free movemens of t {rrespiable atmospheret. These premure gauge 10 learn whea the hmathing sipply
dally waic armophers, above the capacity wedrer buma of the cylinder valve after  wearer o the tangth of thw hoswe, 1t §s not an service Ufe ratlngs dre bhed on et By dropped w & potnt whets Yid war mus o
of ¥ g3 marh eints,  Arsas to which high putting on the faceplace, Inhales st emarency type uniy as, for use, 1t rquires by the turcsw of Mines on men pere to fresh atr, A sclf-actuaring wrring davice 1
Presure gaws arc ppod fall inw this catagory,  breadiing presmre tuough the dematd  seriing up W suxiliary wyuipioenl, forminy modersie to heavy work in roquired for Bureau of Mincs Approval.  The waring
Another type of short duration unit {3 put on st myuiuwe w0 tw facaplece and than oach of the diffarnt rypss of work davics ¢an ba efthar awdibic of e incmasd
the Hitw cacapa In nacostary, exhales throogh 2 valve {n the (hceplece  The duradon of the demand Type Apphritus veRts or beoathing machine teats at # brasthing rednehoe 10 dlen the wearet v reum o
¥ the surmanding aunosphe e, depends on auch B0 s rate of 40 Utens par minute, The - fresh alr.
A work mash eypq of apparsmy {s used for uktt should oot axpact @ obain ha
plarvmd mainserance work, The sppamtns + The depria of physcal actvity of tha axdct mied sarvice Ufe on esch wa,
s actoally & rwo-fold unit, uinr . The wotk belny pecformad may be

mom of e e tuca,

« A mil-copuined appamitu with which The dogrea w widch the incr'y brasthing

the veanr can move freely about by ix {nerensed by excitement, fear o¢ other

Gllrg & small cylinder v coter or lpave emotiont] e,

et rrie atmosphene=«£1thzt wutbaly

of In the fajlure of the mala beating . - The degrae of uaining of experdenca which

pply. the aatt bas had with tds of sintlar eyulp-
ntt; whether or not tho cylinder i Tully

+ Tham s » provisdon fir connecting o eharged at the st of the work perjod;

bow w0 the demad reyulbtor w that

(e wearar can b adw Juring tha work + The pondble prestnce In dw comprammd air

pasisd from 3 Laaps vylrdor which hay of carbon Huxide coRcenta oD grodter than

& prasups peducing valve gtuched w the , 04 narmally fuuod in tmorpheric

provide low prassare §ir the conoacting n

bows, Manifold amemblies can bu po-

vided 10 pauitit mare than one workes . The mmaiphede presuse

9 work froeit & commng breathing marce, .

18 18 Utnpesitive that the wnall ermwrgency . The eonditien of the apparatus

. cylinder be wid with tus type of appata-
vl othatwis, & fallure of the mipply 1 e e cutrent Schedule 13E, Al denund typa
' Oum dwy lagge cylimdar Would cxpest tha Appé rekia it witlefy bests condueted at -250F,
,—"‘ WEANE 10 the tukie afmwiphcre, alihough fow temperstum Qonipoients such A nos -
(. cupy i edce fopgig ly by added ( necdwl,
o
Source: Batic Memant of Respiratory Proteetioa, \line »afety App and Snelt Telephone suvey of e-pitswry Fuulp InWustry,
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EXHIBIT D-8(1)
USDOL/OSHA

COSTS AND AVAILABILITY OF TYPICAL RESPIRATORY DEVICES

Availebility
Cost Per Unjfr (Weeks To Recelve

Respiratory Deyice/Mamfacmurer Size {1974 Dollam) After Order)

1. Alr Purifying Devices
(1) Mechanical fileer resplratory

. Bawsch and Lomb (B&L) Provides protection againet dusts (single cartridge). Up to 50 units Stock frem
Same as above but with dusl cantridge, . Stock item
Replacement filters, Pack of 50 Stock item

Mine safecy apparatus (M5SA) Dustfoe 77 provides protaction from dusts and mists 24=71 Stock Item
having a TLV of bot les than 2.4 million pardeles/cu, ft.

Filters Pack of 5n Stocl itemn

Dustfoe provides protection agains finely divided 72-145 . Stoek ft=m
Is up to 0.3 microns df (99 96%

effective). .

Type "H" cartidpe, 144 and up Stock {tem

Duo=seal dual cartridge high efficiency duse fliter 50-99 Stock item
(0.3 mizron particles),
Replacement cartridge.
sSame as above respl but dngle carcridg, 50-99 Stock Ivem
Replacement cartridge. 50-99 Stock frem

Protex dual cartridge respimtor for dusts with TLV 1

more toxic than 0.1 mag/m? full face mask,

Replacement cartridge . 4

Protex single canridge half face mask. ) 72-143

Static wool filter replacement 12+143 packages of 100 sa,

(2) Chemical cartridge respiraton Provides ¢ fon againet low fomm of 50-99
ofganic vapors,

» BhL Organic vapor catridge replacement for R 21, 50-99 boxes of 6 " Swek frem

[

Stock {tem

« MSA MSA chemical cartridgo respd for p | 12-143
Bjaine ofganie vapors (0, i%),
Replacement earuidge for 85556, 100~140 Stock ltem
MSA same as 85556 but with aingle cantridge fot organic T2-143 , Stock item
vapor,

Raplacemant carrldge for 10843, 100=140 : fitock [tem




EXHIHT D-8 (2)
S Comp ’ Avallabllity
4t . Cotr Per Unit (Wesls To Recelve
Respiratory Device/Manufacturer Numbex Description Lot Size (1974 Dollars) Aftar Onder)
» Seon 8201-0V Duo-seal respirator for organic vapors, Dual cartridge 50-99 59,00 * Stock frem
82004-0V Replacement cartidge for 8201-QV 100-499 pr. 2,50 Stock {tem
8102-0vV Same as 8201-0V but with singls cartridge 100-499 8,30 Stock ftem
‘ 502-0V Replacement canridge for 8101-0V 100-499 2.30 Swck ftem
« Welsh 7601 Full-face respiraior for otganic vapors. Dual cartridge 1 | 45,95
7500-1 Replacement cartridge for 7601 12-143 packs with 1,28
8 pleces/pack
() Gas masks
« MSA 457091 M34 (nduserial size for up to 2% by volume 8-11 78, 05 Stock ftern
organic vapors and toxie dusts with full face mask and
body mounted canister
TS Replacement caniswer for 457081 12-71 7.45 Stock ftem
45T112 MSA chin type mask for up to 0.5% by volume - 6-11 .53, 90 , Srock fuem
organic vapors
88339 Replacement canister for 457112 . 100 and up 5.85 Stock ftem
. Seon 679-1 Chest syle gas mask for up @ 2% by volume organic 18 and up 1548 3 weeks
vapor protection with full facepiace
184-0V Replacement canister for 679-1 (1000cc) 12-1 6. 50 Stock {tems
661-1 Chin style gas mask for organde vapor protection 18 and up 42,18 Swck {tem
- . (full face) .
282-0V-L 600cc replacement canister for 656-1 50-99 510 Stock {tem
2, Supplisd Alr Devices
@) Alr line resplaon
« Comumuy flow
- ) - - MSA 457162 Ultma=Vue facepiece and low pressure control 1 £2.30 Stock Item
s valve (10-16 psig with 50 foot hose)
7 437161 Sama an 457168 hox with hypar=fl control 1 82,30 Strock ftem
<, valve (40-100 prg with up to 250 feet of ais-
) hose)
c}" - Scott 4622-10 Zephryrair-complete full vison mask with belt 18and up 60, ™4 2 wezls
. ) mounted filtes body and manual control valve, '
&0 Adjust air pressures as follows with 3/8" ID hose
-

Hote Lenyth  Pressitre at Hoss Intst
15 to 50° 8to17 pd
50* to 200’ 1710 30 pal




EXHIBIT D-8 (3)
Comp . Availabiitey
Catalog Cost Per Upit (Weels To Recefvs
Respiratory Device/Mannfacturer Numbey Description Lot Size {1974 Doltary) After Order)
. Demand types 78004 Low - pressure, (10-25 pel) full facepiece, 1 $ 57.85
» MSA . 457157 Mask-momted demand air-line respirator w /ultra~vue 1, 95.90 Stock frem
faceplece 30-125 mi/15-250 ft. hose lengths. .
457165 Bek moumed demand flow air=line respirator w/ultra« 1 95,90 Stock item
vue facepiece 30-125 pei/15+250 fr. hose lengths.
= Scott 4637-1 Demand type respirator w/full vidon mark 50+125 psi/ 18 and up 75.43 3 weels
, 15-250 ft. of hose length.
. Hose masks MSA 457140 One man combination hose mask, with hand operated 1 668, 00 60-80 days
blower (centrifugaly and 50 ft, of hose.
457142 Same as 457140 but s a two man unit. 1 912.00 6000 days
. Accessories for air-line systems ' .
« Comprestion systems/MSA 32057 “Clear air* blowee that waghes, cools, and humidifies I 2, 586. 00 16-18 weeks
' ) ’ it for 12 masks (Nasgh Co, compremor) .
¥1857 Air-lipe filter for removal of dusts, mists, fumes as a8 1 44.55 Stock item
final,
46727 Replacemem chemica! cartridge for 81857 filrer 1-11 2.40 Stock frem
(2 required), -
72030 Particulate element replacement for 81857 filter. 1 4.80 Stock feem
66716 MSA presmure regulator reduces plant=compresmr 1 34.90 Stock item
4ir peessure to the rated valve for the equipment. . '
66709 Presture relief valve~16 mig. . 1 9.230 Stock ftemn
68265 Premure relief valve=25 p o 1 14,85 Stock item
~ Pressure wg\lhwn/MSA 68858 Required accessory when afr-line resplrators aze 1 . 9435 Stock {tem
operaring from a high pressure eylinder
' 0+4000 pui hi -pressure gauge

- o 0-200 pal Low -pressure gauge ,

(s '

O = Afr-lipes and mlulfold:IMSA 455020 Alr hote - 15 fi, long 1 18.¢5 Stck ftem
A 455021 Al hose - 25 ft. long 1 23:95 $iock ftem
< 455022 Alr hose = 50 fi, long 1 43.20 Stock ftem

93931 . Manifold=4 man (snap-tite) 1 . 59.20 30 days
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EXHBIT b8 (4}

Avatlabiliry
Cozt Per Uniz (Weaks To Tnceive

Respiratory Device/Manufacturer {1874 Dollans) ARer Order;

3, Self Cootaland Reipimton

{1} Presswre dlmnd-hn-fmplun nll-

MSA With tingle lens clssr-vue faceplecs and audible alaym . 981500

{7) Combinurion prexsure damaad full
Tacepi B amd p
" 4 sclf 1ned beaathing
appanatn 1.3
NSA #6396

Complete in catrylng case

[¢)} luun p-e full faceplece mlf=
1.2

Would be very waiteful of compresscd air

[0} Cmﬂmﬂnmdml‘hvmﬂnm
and & p d sl
huﬂnglmmul.

Would be very wasteful of compressed air

(5) Demand wotk mask w/quick-~comect/ MSA uttlz cofnplets with uhl-vn- fmplo:e

@conuect amembay which can be
ssmchud %0 primary afr wpply
MSA

4. CyHmdar Rachurger Sygenv
MEA

Notes: (1) Permitted typws under tho umpwlry 50 ppm mndlrd.

(3) Parmicted types under the p

Wi

amambly, speaking diaph \F
hatnest, and 12 cu, ft, capu:lq alr rynnder In
camylag cas

Cacading Sysom for Cylindar Rochatping

Alr coupler tee

Alr pigtait

Alr outlet connmction, complets with gauge
High peapure adrdilling hosw, 8 ft. long,

(1) Neaek It ate delivod i ok oMY Hian oma wnh.

Lm& Sausch & Lomb Safery Fraducts Pivislon Catalng, 1074,

Mine Safety Applisnces Rasplrataty Pretaction Catalog, 1974,

Scout/Agma Products Respimitory Protection Equipment and Avcemorios Catalog, 1971,

Wulsh Catalog 128, 1014,

henitis of Bl witvey vf the Papltatory Sruiprehd e iress,

Smek feem
Stock item
Stock {tem
awch ftem




oo Pwtwctive Clodring/Manufeeturer

I. Dimposble Clothing

1. Cowenlls, Hoods and Shoe Coverings,
Glowes

. Doxafah

« Amow Dispombles
+ Maw Ine.

. FMozsee Rubler

2, Oma-Pleca Pramurized Sults

« MSA

I Penmanare Cloching

({(/ 1. Foll Imperviows Pressurized Suiry
p
& . Amaricon Opelcel

b . MSA

(] ]

4.0 . .

Components

700205

520205

#1783

75008

23408

Canalog No.

Descripicn

Lot Size

Coverall made of Dupont Tyvek(R) with elastic wrls
and ankle for tigh fir,

Show cover made of Dupont Tyvek(R) Rightop with
drawrring for dght fie,

Hood made of Dupont Tysek () with druwstring
for dght St acound fare.

Coverall made of Dupont Tyvek (F) with elastc
wrist and ankje for tight fr. .

Coverall made of Dopont Tyvek (®) with elastic
wrist and anide for dght fir,

Dispamble Uquid proof gloves,

Alrfed poritive loternal presurs suit mads of vinyl,
Complete with attached hood with clear viryl face=
placa, Room far mesplrawry p 1 )
Deslgned for one e only,

Vapor chemical ndt preaurized with self~conea{ned
breatdng equipment.

Chemynlm sult complete with case, hood and air
sapply sywem. Used with manifold and autine sulv
develops poaitive [ntetul pressure.

Rui hedzed Pretection Sult can be warh with MSA
air masks oot supplied with unit

100

00

144

EXHIBIT D-9 (1)
USDOL/OSHA

COST ATID AVALLABILITY OF PROTECTIVE CLOTHING

1974 Cost
Peg Unit (Dollars Avelabiiey
’ . Nete: Stock ftems are delivered in ons week
o len.
$215 Stock {tem
0.51 Stock ftem
0.40 Stock itemn
2,00 In devalopment 2 - 3 months befize svallabls
in quantry.
2.00 Stock ftem
0.21 30 weels
400 Stock ftem
298.45 G=8 weeks
303,45 13=17 weels
178,12 . 68 weala




EXHIBIT D=2 (2)
Components 1974 Cost
Protective ClothingManufacturer Calog No, Deseription Lot Size Per Unit (Doilan) Avaflabiiry
2. Acid Resistent Sult
. MSA 37108 sun Bay'® sute, vinyl coated nylon made v be decon- 1 $ 41,50 23 weeks
aminared after each use. Jacket has safety cuffs ard
is fastened with ball and socket fasteners, Pants have
bib front and oo {1y,
31934 Rubber ntiltey yuit jackat has stand-up collar with 12 21.50 ! Stoek ftem *
- storm fly from. Pants have bib front with no Ty, ALl
1A premure welded, '
+ Uniroyal i MRJ-A27 Neoprens eoated on nylon jacket with attsched hood 1 : 11,65 ' Not less than 2 montin
with dmwstring for right face fir, Closed with storm
Ny from.
MRO=-B57 Neopreoe coated on nylon bib type pantt with saap 1 2,45 No les rhan 2 months
fly,
+ Amedcan Opeical 2011 Acid resimam coveralls made of neoprene coated on 1 25,00 8=8 \;eaky
aylon.
503-1 Acid resinant jacket rruade of heavy duty vinyl with 1 25,80 68 weeks
storm fly front.
512 Actd resistant bib rype pants made of heavy duty 1 22,90 68 wecks
' vimyl.
524 Hood made of heavy duty vinyl with clear vinyl ] 48.70 6=8 weeks
facepiece eovering shoulders and upper chest. .
Z/
Cz 3. Cloth Wetk Clothw
< . MsA 2o Coveralls made c1 ,, ghetic fbes fabirie Dynet(™ 12 18,80 34 weeks
' made to cover or teplace the worker's street ,
H clothes.
L $.0)

[




1974 Coxt
Protective Clothing/Mamufacturer, Catalog No, . Per Unit {Dollam)

4. Gloves

« M5A Heavy duty acld sesistang nubber designed with cutved
fingers and using high quality latex for pliability and
chemics] reststance over 3 wide temperature range.

Flexible, completely coated with vinyl 12°
gaunrlet type.

Lightweight designed to glve liquid tight protection.
Glave s not particularly durable,

MB801 Koee length acid resistant rubber with steel wafety
we,

MBE90 Knee length medium weight acid resigant mbber with
safety toe,

MB951 Kpee length imported acid resistant rubber with safery
e,

Sources: Dumfab 1974 sales brochure, Mine Safety Appliances 1974 catalogue, Unitoyal 1974 catalogue, Ploneer Rubber 1974 Catalogue and Suell Survey of Protective Clothing Manufacturers,

EXHIBIT D=8 (3)

Ava{lability

23 wezls

Stock {tem

68 weeks

Stock ltem

Stock item

Stock item
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EXHIBIT D-10 (1)

USDOL/QSHA

SUMMARY OF SNELL INTERVIEWS WITH
VINYL CHLOKDE/PFOLYVINYL C.'LORIDE MANUFACTURERS
RELATING TO PROTECTIVE BQUI MENT PURCHASED

Number of Warkers
Requiring Operating and
VC or PVC Producer (1) Class of Protective Equipment Protective Equipment Cost of Equipment Maintenance Costs Comments
(1974 Dollam) 1974 Dollar)

1IM«Int. «C and Respiratons, half face Sevenl tripping accidentshave been artributed to respirators and
175 «Int, =W afr supplied some of the workers are reluctant to wear them. Minute by -
$200, 000 $ 25,000 minute supervision required to ensurs use,
200, 002 25, 000
21 Respiraton 16,000 N.A,

20 and 2IM~Int, =W Respiraton, half face N. A, N.A, 6 weeks procurement lead *
air supplied

40L=New ~W Resplrators, airline , 60,000
Protective clothing
Disposable coveralls 30
Rubber gloves 30
15 Respirators 4,750
19L-New -W Respiraron, aliline 14,000 MSA 1ype.
Respirators, airliie One incident of face and scalp rath from use of air mask.

41L-0ld-W 13,000

54M=New -C 8,000

Respirators, presure
demand or conrinuons
flew




EXHIBIT D=10 (2)

Number of Workers
- Requiring : Opersting and .
VC o1 PVC Produces Class of Protective Equipment Protective Equipment Cost of Equipment Msintenance Costs Commeney
(1974 Dollan) (1974 Dollan) '
10M =New -W Resplraton, half face 26 $ 25,000 $ 5,000 Workers complain ot dry throat and impaired movement,
mask
M=Int. «C Respirator: 8
Protectve clothing N.A.
Coveralls 40,000 12, 000
Shoe covers ' '
Head coven
Gloves
5L-014-C 1. Respimtor .
Alsline masks 23,500 N.A,
Self-contained respirators nz- 1,025 N.A. Scott type
Cartridge reapiraton 2,312 2,000 - ’
2. Pratectve clothing Dispossble clothing
Watermoof suits N.A, listed as operating 2,400 .
Head covens, dust N.A, cost © 1,500 '
shields, gloves : )
13 Resplrators
Alsline 87, 000
81 18, 000
Cartridge 15,000 MSA type,
)
o BL=New-C - 1. Bespimatons ‘ 50 5. 000
L . 8, 000 W
é\" 2. Protective clothing ' - Welsh and seots type,
pke N Thete have beon complairty by worl:en on wearing respiraton.
I . 1, Respirawn, solf-conwuined 2 4,500 N.A, Scett type.
carmridge 40 N.A, N.A,
o %, Protecrive clothing
72 coverslh 3, 000
Dirpeaable suin N.A, 4.800

e T T e Ty . e




EXHDBIT D-10 (3)
v
Number of Wotkers .
Requiring Opemting and .
VC of FVC Producer Class of Protective Equipment Protective Equipment Cost, of Equipment . Maintenance Costs . Commests
—_— (1974 Dollazs) (1974 Dollam)
49M-01d=C 1. Respiraton, alr
supplied N.A. $ 2,500 $ 4,800 People with heart or lung problems have been advized not to weay
respirators « have been reatxigned to areas not requiring their ue,
Carntridge N.A. 3,300 120, 000
2, Protecdve clothing
Hard hats ‘ N.A. 1,250 - N.A,
Coveralls N.A, T2, 000
Waterproof suin N.A. 14,400
44M-New -C 1. Respimtors 31 21,188 30,800 One worker with hlm‘ry of asthma became {11 while wearing air-
c line mask. ' '
2. Protective Clothing 56,000
22M-01-¢ Respiratons, 25 20,000 12, 000
codtinuous
flow ajline
. L]
8S~lnt, -C Respirator N.A. 500 N.A. Scows type, Individual cases of workess refusing to wear respirators,
30M=New -C Resplratoes, full face 16 45,000 3, 000 2 + 5 weela procurement lead time.
matk ype C continuous
flow
355 ~Int, -C Protective clothing N.A. §, 000 26, 000
.\_// 31M~New=C Respiraton N.A. 28,000 N,A, 1 = $ months procursmen: lead time, Problems in flning
5 manks on persorinel with beards and mustaches,
"Z '
<
~ 428 <t - and Raspiraton N.A. 15, 000 N.A, Incteased absenteelsm and refutal of overtime hes been antrdbutable
posd 93 =New -C to use of respiratory equipment.
i 201, =New «G Maspiratons, bottle 20 10,0800 20,000 One complalint of ear problems causnd by respirator use,
o npplied afr masks
o

Self=raniained 1,700 NeA.

TR TR " Ar—— T Ly - T (e




EXHIBIT D=10 (4)

Number of Workers

‘ Requiring Operating and
VC or PVC Producer Class of Protective Equipment Protective Equipment Cost of Equipment Maintenance Costs

(1974 Dollany) (1874 Dollars)

Protective Clothing N.A, $ 13,000 N.A,
Rain sults

Resplraton - 200-300 41,000 -§ 18,000 3 months procurement lead tme. Workam have complainad

of nasal and throat dehydration,

Note: (1) For mun.lng of moducer code, see page I1-6,
Source: Results of Snell Intervlew with the VCM/PVC manufacturing indusery,

NA = Not applicable.
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T6ET A

VEM/PE Paducer

veM L™
e

50

“M) DETECTABLE

Neo. of Employss
Wearing Maplraten

13haaen

*
1
2
1
2
K

’

.
£
i1
L
w
@
35
a8
127

EEesit B85

Wearing Tune
Job Clantfication {%of 8 Hy, Day)

Tank cay unibading 0%
Majntanance 5
Ship loading 100
Operaving (mples. e, } ]

ABOVE

Operating
Maintenance
Labotarory
5hip kwding

Opentg
Maisansoce
Laboratory
Ship keding

Opanitiag
Malntensnco
Superviaing sod mppost
Ship lading

Normal operstion

Vamel ¢cleaning

Fouting malmanance
Loa-rontlne malchance

Nomral epamtion

Vewa] ¢laaning

outine Malreendhee
Non-rogine maintefance

NOT FEASIBLE

EXHIIT D11 (1)
USDOL/OBYA

SAMPLE COSTS V8, NUMIZER OF COVERED) WORKERS NHIDING WZSPIRA TORY ECUIFMENT
AS AFUNCTION OF VINYL CHLMIDE MONOMER. LEVELS 5T FRODUCIR

Incremenral Opamtions
Caplual Couts and Maltanance
Dolam) Sown (1974 Dollasy Commens

$11,080 Towl for 50 ppm level,

111,800




No. of Employsss
Weartog tespiraton Job Clanificsdon

Rasctor eleaning

LAIER rALIOR ODEFaInG

Large veacey lead operston

Small ractor Jead opesators
Small resctor opuaws

Reactor depaytment shife pipacvime
Dryer laads

Dryor opsratirs

Diywt uttiities

Dryez shift suparvisor

- ]
NEAMCEE MO

uuuu-gaucs

K
L

-
= aao

Reoactor claaning

Large rasctor operaton
Large ruactor load opamtom
Small teactor lsad oparston
Small reschot OpUIENT
Peactoy st suparvisor
Dryor Jonds *

Dryar opamstin

Dryes ualltties

Dryat shi® supervisor

= Blabasal
cbuwvedlSabd

[Ble o i (Bie e
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EXHBIT D-11 (%)

Incremamal . Opersions

Weoarlag Time Capleal Covnt Asd Malotemsooe
(% of 8 Hr, Day) {Dollam) Costs (1974 Dotlam) *

§ 4,000 $2, 500

10 TWA and
25 (Celling)

Sl renvnsmbee

Sama a5 abovk but more use of aiy mank
NOT FEASDLE




Comrenty

Halputs tn boch atr-fod rapizrion snd cartridge
fype respirzton.  The sir-fod eaplemtory sby ted
For opeaing snd classyiag polymarives snd the
caltridgs perpioaioty um wed o0 ot johe whars
the oomomatnction gty be sbove 26 ppm bt
belrw 50 ppm,

L 3% 33 e

11
s

+
L]

1

-
-

Wi 5 35 pam oellng the w of caridpe
roeploatnes would be eliprinod, The s of alr-
fod rovplmmoey would e’ nrvased st caniscor
fatmics would be wd, incroasingly, becsteo of
thaty eager s aard betcer reobilicy.

HRef288usass Iﬁl—uon

Eas

IBL =
L e

,:L»‘q ARe
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EXMIIT D-11 (8)
| ]
Wcwmenial Opamtions .
VCM Laval Mo, of Employess Waasing Ttme Caplml Cams A Maiptupts .

VOM/FVG Prodwoss [Las )] Wasting Beimton Job Clumification (S ol B By, Day) (Dollan) Cows (1974 Dollaw) Commans
4-0u-C 25 (Calog) 4 Latex chargs oparstor 18 L7} MA For thla Loval the vearing of popirason woukd be
{conL,) 10 TWA 4 Plascde Sanex opasator 18 ¢ increassd s indiestad,

4 Latex mcovery opamity 10 *
L] Latex halper ] .
0 Charge opsrston 0
10 Racovery opamion 10
24 HAC operion % '
4 Utility opersiom +
] Helpen 2
11 Dryer opeeaton 11
bt ] Bagyer: 5
+ Trasafer operason 1]
150 Maltrabancs Suwhanio 30 - .
Taok farm opemrons 40
18 Fonemean 20 ’
1 Day spurrise 5
4 Enginean 5
2 Ganaral fosmen 1] *
A Dopirmens manager <1 )
Toml B3
1 NOT FEASILE
n . [ Sampling [} 381, 100 . $ie, 000 +
Desintag aquiprsee .
Opaming wquiprrume
Rapaits
11 n Above, phie taking rading) & gaing tmo vak 12 No Inarasse RA
whils anmy lasks axist o8 VOM equipmaent.
10 (Celling) n Same as above 0 No Inoresse NA
5 TWA .
1 NOT FLAStILE

Dot (1) Celling Wvals vilem otharwin sated.
{8) For maaning of meducer codet ma e I-4,

fSource: Spell asemment of the remles of tnterviews with VC/PVGC prod

P
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APPENDIX F

MEDICAL SURVEILLANCE OF EMPLOYEES




APPENDIX F

MEDICAL SURVEILLANCE OF EMPLOYEES

This appendix details the elements of routine medical surveillance and their attendant costs.
All exhibits appear sequentially at the end of the appendix.

4 REVIEW FOLLOWS OF THE TEMPORARY AND PROPOSED REQUIREMENTS FOR THE MEDICAL SURVEILLANCE
OF EMPLOYEES IN VINYL CHLORIDE (VCM) AND POLYVINYL CHLORIDE (PVC) PLANTS

This section summarizes the medical surveillance required under the emergency temporary

standard for exposure to VCM (50 ppm) and the medical surveillance required under the proposed
permanent standard (no detectable limit) .

1
1) ) 50 ppm Emergency Temporary Standard (ETS)( )

The ETS dces not recommend or require any medical surveillanée of empfoyées in VCM

and PVC plants, It is concerned only with the fixing of exposure levels to 50 ppm value
(127.0 ms/cm).

(2) Proposed Permanent "No-detectable" VCM Standard (PPS) @

Comprehensive requirements for employee medical examination are proposed, in-
cluding necessary tests. Some additional guidance is included for the convenience of.

physicians. The proposed requirements have been recommended to QSHA by NIOSH (see
) below) as reasonable and appropriate to detect liver dysfunction which may be indicative
G of, or predisposing to, the development of liver angiosarcomas.
<
—h (1) 29 CFR 19810, Occupational Safety and Health Standards, Emergency Temporary Standard
) for Exposure to VCM., o
-0

3 (2)

28 CFR 1810, Occupational Safety and Health Standards, Proposed Standard.

F-1
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2697 1o

Records of medical examination are to be kept with provision for access by appro-
priate OSHA and NIOSH officials. Specific requirements are made to furnish a copy of a
medical record to an employee's physician on the employee request. In the event of an-
"emergency", thatis, an unforeseen circumstance or set of circumstances resulting in
the release of VCM into areas occupied by employees, a special medical surveillance by

a physician shall be instituted within 24 hours for employees present in the affected area:
at the time of the emergency.

(3) NIOSH Recommendations For Medical Surveillance Referred To By The Proposed

Permanent Standard

The following recommendations are directed primarily at medical screening to détect
liver disease and/or hepatic tumor. They should be considered in the context of routine
health screening for any general employee health problem, including non-hepatic health

condition potentially related to VCM exposure. Routine health screening should include at .
the time of initial employment: '

the recording of past medical history

. the perforrhance of
- a general physical examination
certain basic laboratory procedures including:

complete blood count
urinalysis
‘e clest x-ray

Provisions should also be made for routine periodic health follow-up examinations:

(1)

NIOSH, Recommended 6ccupational Health Standard For the Manufacture of Synthetic Polymer
From VCM, March 11, 1974,

F-2
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Employees covered by the following specific recommendations shall encompass all
per'sons engaged in VCM production and polymerization including personnel peripherally
involved such as in clerical and management-assignments. The recommendations shall be
applied both as a pre-employment requirement and as a part of periodic health follow-up. '
Screening priority should be given to current employees with prolonged and close potential
exposure to VCM, whether in present or past work settings.

The recommended examination protocol is:

At the time of initial employment, or upon institution of screening, a
physical examination shall be performed with specific attention to
detecting enlargement of liver or spleen by abdominal palpation.

At the time of initial emvployment. or upon institntion of séreening'énd
annually thereafter, a medical history check-list shall be completed
by the employee. This list shall include questions concerning:

- alcohol intake B
- past history of hepatitis
- past exposure to potential hepatotoxic agents including drugs and chemicals

- past history of blood transfusion
- past history of hospitalization

The completed medical check-list shall be reviewed by a physician and
should be acted upon as medically indicated for each individual employee..




09T~

At the time of initial employment, or upon institution of screening,
a serum specimen shall be obtained for screening with respect to
the following five bio~chemical determinations of liver function:

total bilirubin

alkaline phosphatase

serum glutamine oxalacetic transaminase (SGOT)
serum glutamine pyruvic transaminase (SGPT)
gama glutamyl transpeptidase (GGTP)

Additional tests that optionally may be considered for use in screening
include '

- lactic dehydrogenase (LDH)

- serum protein determinations
- serum protein electrophoresis
- platelet count

Laboratory‘ analyses shall be performed in laboratories accredited by ‘
the College of American Pathologists, licensed in accordance with the
provision of the Clinical Laboratories Improvement Act of 1967.

If results or laboratory screening are normal, screening shall be repeated
on an annual basis. If the person being screened has been employed
directly in vinyl chloride monomer productiori or polymerization for 10’
years or longer, screening shall be repeated every six (8) months.

If one or more liver function tests are abnormal, serum testing shall be
repeated as soon as possible, preferably within two (2) to four (4) weeks.
If no abnormalities are present upon rescreening, testing should be re-
peated in three (3) months.




63T i

If abnormalities persist on rescreening, the employee shall be removed
from contact with VCM operations and an individualized workup shall be -
instituted. Suggested as initial steps in medical workup are

- a complete physical examination
- various special procedures such as

.o hepatitis B antigen determination
" liver scanning

If liver function abnormalities are deiermined to be unrelated to liver disease
(e.g. elevated alkaline phosphatase in a young, physically active man or
elevated bilirubin in Gilbert's syndrome) or to be transient (e. g. due to
recent hepatitis or recent alcohol intake), the employee may be permitted to
return to VCM related employment, subject to individual medical evaluation.

In view of the preliminary results of animal toxicology stu'dies it is recom-
mended that no woman who is pregnant or who expects to become pregnant
should be employed directly in VCM operations.

kL S
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2, SNELL ASSESSMENT OF THE COST OF MEDICAL SURVEILLANCE UNDER THE PROPOSED
PERMANENT STANDARD (1) ,

This section details the cost of medical surveillance needed by the VCM and PVC industries to
comply with the requirements of the Proposed Permanent Standard (PPS). Costs are essentially
based on the physical examinations and lahoratory tests recommended to OSHA by NIOSH. (2)

Exhibit ¥-~1 presents a screening flow sheet for the physical examination
and laboratory tests which may be performed. It details the screening
steps which are given by the PPS.

Exhibit F-2 presents the time required for an average worker to spend .
on obtaining the needed physical examination and laboratory tests by
a physician under contract to the VCM and PVC manufacture.

Exhibit F;a details the fypes of laboratory tests which may be required
as well as their normal values. It is from these tests that a portion of
the total cost is based. . :

Exhibit F-4 summarizes the itemized costs for the various elements of
the medical surveillance program from Snell estimates based on the
detailed study. The Snell estimate is $160 per worker. '

Exhibit F-5 shows the costs which wére reported by the VCM and PVC
industry.for their medical surveillance program. Their costs average
out to $143 per worker based on sixteen reporting firms. '

29 CFR, 1910, Occupational Safety and Health Standards, Proposed Stancard For
Exposure to VCM :

NIOSH Recommended Occupational Health Standard For the Manufacture of Synthetic
Polymer From VCM, March 11, 1974




3. REVIEW WAS COMPLETED OF THE INFORMATION BY NORMAN B. JAVITT, M.D., PH.D, HEAD,
DIVISION OF GASTROENTEROLOGY, DEPARTMENT OF MEDICINE, NEW YORK HOSPITAL-CORNELL
MEDICAL CENTER

According to Dr. Javitt in his letter to Snell, shown in Exhibit F-6, he reviewed

the appendix and in his judgment, "the proposed protocol adequately reflects

both the recommendations of the appropriate governmental agencies, and

considering the constraints of time.and expense, is carefully constructed ta

obtain a sensitive estimate of the existence of liver dysfunction as well as other
. ancillary data on health status." ‘

. Dr. Javitt in his letter also sugpests modifications or clarifications to the NIOSH
recommended protocol as is seen in the Exhibit.
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EXHIBIT F-1
. USDOL/OSHA
' SCREENING FLOW SHEET
BASED ON NIOSH RECOM-~
MENDATIONS TO OSHA FOR
THE PROPOSED PERMANENT
STANDARD

aest everv 6 months
' if employed over 10 years
Normal
\Test annually if employed -

‘under 10 years

Normal results
epeat tests in 3 months

'Reéturn to VCM area if

Repeat tests in 2-4 weeks
' medically approved

Abnormal Results
1. Remove from VCM area
2. Medical workup

lated to liver disease
Note: (1) EXHIBIT F-3 provides listing of Screening tests Additional medical

evaluation necessary
Source:  Based on NIOSH Recommended Occupational Health Standard

for the Manufacture of SyntheticPolymer from Vinyl Chloride, March 11, 1974
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EXHIBIT F-2

USDOL/OSHA

TIME REQUIRED FOR TRAVEL,
PHYSICAL EXAMINATION AND

LABORATORY TESTS OUTSIDE

OF PLANT
Worker Completes ' .
Medical History " Blood Samples Urine Sample Chest X-ray EKG Taken Physical
Checklist While 'Taken Provided Taken . Examination
Waiting .
§2 minutes 5 minutes 5 minutes 10 minutes - 10 minutes 30 minutes

Total Time Required

Examination and laboratory tests * 1.5 hours
‘“Travel to and from examination facility 2.5 hours

Maximum time required : 4 hours

Source: Snell estimates




Laboratory Test

Blood Chemistry

Cholesterol 1)

Calcium

Inorganic Phosphorus (1)
Total Bilirubin (1.2)
Total Protein (1)

Albumin (1)

Uric Acid (1)

BUN(1)

Glucose (1)

Loy (1,2)

Alkaline Phosphatase (1:2)

sGoT (1:2)
Creatinine (3)
GGTP(2)
sGpT (1,2)
NPN (3)

Purpose

Gholesterol metabolism
Calcium metabolism
Phosphorus absorption
Liver function

Liver function

Kidney and liver function
Purine metabolism
Kidney function
Carbohydrate metaholism
Organ damage

Liver function

Organ damage

Kidney function

Liver function

Organ (part. liver) damagé\

Kidney function

EXHIBIT F-3 (1)
USDOL/OSHA
NORMAL VALUES IN
LABORATORY TESTS

Normal Values

150 to 300 mg/100 ml
9to 11.5mg/100 ml

2.5t0 4.5 mg/100 ml
0.2to 1.0 mg/100 ml

6.0 to 8.0 gm/100 ml

3.5to 5.0 gm/100 ml
2,5t0 7.5 mg/100 ml

10 to 20 mg/100 ml

65 to 100 mg/100 ml

67 to 122 technicon units
4 to 17 KA units

15 to.45 units

§.9 to 1.7 mg/100 ml
6 - 28 mu/ml

15 to 56 units

25 to 38 mg/100 ml
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Laboratory Test

Hematologz

“ree (¥

WBC (2)
Hgb (2)
Hct (2)

Differential (2)

Polys

Stabs

Eosinophils
Basophils
Lymphocytes
Atypical Lymphocytus
Monocytes
Platelets

MCV

MCH

MCHC Coea

PurEose

Standard screening for all diseases
n '

EXHIBIT F-3 (2)
USDOL/OSHA
NORMAL VALUES IN
LABORATORY TESTS

Nofmal Values

4.61t06.2x 108
4.8 t0 10.8 x 10°
15 to 18 gm

42 ~ 52%

80 - 70%
0-1%
1-3%
0.25 - 0.5%
25 ~ 33%
0-1%
2-6%
2-4x10°
80 - 84 u 3
273 uug
32 - 36%




EXHIBIT F-3 (3)

Laboratory Test . Purpose . Normal Values
(2)

Urinalysis

Color Standard screening for all diseases Pale straw to amber

Appearance n Clear to slight hazy

Specific Gravity " 1.905 to 1.002

PH u 5.5-7

Albumin . ' " Negative

Glucose ' " ' Negative

Acstone . n . Negative

Bile " Negative

Urobilinogen : " Up to 2.1 Ehrligh units
Notes: (1) included in automated SMA12 analysis

(2) recommended for determination within first screening or initial examination by NIOSH to
O3HA specifically for liver function.

(3) included to obtain a total laboratory profile of the worker

(4) Recommend as a special test by NIOSH to OSHA.

Sources: Ivan K. Smith, Diagnostic Services, Inc., 520 Speedwell Ave., Morris Plains, NJ 07950;
' NIOSH, Recommended Occupational Health Standard for the Manufacture of Synthetic
Polymer From Vinyl Chloride, March 11, 1974;
_'8nell assessment of the NIOSH recommendations to OSHA
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EXHIBIT F-4 (1)

USDOL/OSHA

APPROXIMATE COSTS OF "+ “ICAL

EXAMINATIONS AND LAB ... .ORY

TESTS COMPLETED OUTSI. i PLANT
" BASED ON A MANUFACTURING

FACILITY WITH 500 COVERED WORKE

Element Cost (Dollars)

Full-time clerical person for typing, filing, coordinating visits to labs and physicians,
etc. ($9,000 x 1,25 in fringe) $ 11,225
Records, stationary, postage. etc. 7,500
Overhead (1) | ' 5,000
500 examinations by physician (general practioner).@ $20 per examination 10,000
500 reviews of physical and laboratory examination results by physician @ $15/review - 7,500
500 chest x-rays @ $20 per worker . ‘ 10,000
500 laboratory test series @ $24 per series(2) 12,000
500 EKG's @ $25 per worker . 12,500
125 repeat laboratory test series (25% of workers) @ $24 per series @) 3,000
125 repeat medical reviews by physicians @ $15 per review 1,875
25 special laboratory tests @ 5% of the workers @ $25 per worker (3) 625
25 reviews by physician at special laboratory tests @ $15 per worker o 375
Total expenditures per annum for 500 covered workers ' ' $ 81,500
Approximate cost of medical screening per worker ' 160
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EXHIBIT F-4 (2)
USDOL/OSHA

Notes: (1) overhead includes electricity, telephone, heating, épace.alloc-ations for clerical activities, etc.

(2) initial laboratory screening tests include SMA12, SGPT, GGTP, CBC with platelets and
urinalysis '

(3)  special laboratory tests may include: serum hepatitis B determination, serum provte‘in
electrophoresis

Sources: Ivan K. Smith, Diagnostic Sciences, Inc., Morris Plains, NJ 07950; Snell assessment
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EXHIBIT F-~5 (1)
USDOL/OSHA
RESULTS OF SNELL INTERVIEWS TO
DETERMINE THE COSTS OF MEDICAL
SURVEILLANCE COST PER WORKER
~ PER YEAR

Number of Total Cost Cost per Worker per Year
Workers (Dollars) (Dollars)

97 16,000 165
173 . .34,000 ' 200

(NA) . (NA) . (NA)

57 3,000 52
222 . (NA) (NA)
1,137 (NA) 200
50 (NA) (NA)
325 (NA) 150 - 200
128 12,000 94
420 12,900 40
(NA) (NA) (NA)
81 10,000 125
150 22,000 146
3,204 224,280 70

68 (NA) 200
74 {NA) 200
135 (NA) (NA)




EXHIBIT F-5 (2)

- USDOL/OSHA
i -
’ Number of Total Cost Cost per Worker per Year
: Workers (Dollars) (Dollars)
5 338 45,000 133
g 200 (NA) (NA)
693 110,600 160
111 (NA) ' (NA)
150 ' 20,000 133
700 (NA) 200
Averagé annual cost per employee $ 14_3(1)
Notes: (1) Cost for examinations assumes tests are based on NIOSH recommendations. .
Soutces: Snell review and assessment of interviews with VCM and PVC nianufacturers.

NA = not available
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EXBIBIT F - 6(1)
USDOIL./OSHA

LETTER OF DR. NORMAN B, JAVITT
TO SNELL REVIEWING THE
DATA IN APPENDIX F

524 EAST 68th STREEY, NEW YORK, N Y. 10024

THE NEW YORK HOSPITAL-CORNELL MEDICAL CENTER

DEPARTMENT OF MEDICINE ~
DIVISION OF GASTROENTEROLOGY August 16, 1974
]

TO: John W, Keating, Ph, D.
Director, Biological Sclences
Foster D. 8nell, Inc,

FROM: Norman B, Javitt, M.D., Ph. D.
Professor of Medicine and
Head, Division of Gastroenterology
New York Hospital-Cornell Medical Center

SUBJECT: Review of Appendix F (first draft) Technical Feasibility
and Economic Impact Study




EXHIBIT F - 6(2)

USDOL/OSHA

I have'reviewed the above appendix with special emphasis on Exhibits F-2
through F-5 and have the following comments:

1. In my judgement the proposed protocol adequately reflects both
the recommendations of the appropriate governmental agencies, and
considering t..2 constraints of time and expense, is carefully con-
structed to obtain a sensitive estimate of the existence of liver
dysfunction as well as other ancillary data on health status.

2. I would suggest consideration of the following modifications:

A, Routine tests:

1) Hepatitis B antigenemia (by RIA), A positive test should be an
automatic exclusion from working with vinyl chloride because of .

the possibility of the person being a high risk for developing toxicity.
Final judgement would require complete medical evaluation. Expense
for this test is probably minimal since now, by state law, every
unit of blood obtained for the purpose of transfusion must be tested
for the presence of Hepatitis B antigen. '

B. Special tests in the event of abnormal screening tests:

In the event of persistent abnormal test of liver function, the
following further studies should be done:

*1. Alpha) Fetoprotein (correlateswith hepatoma)

*2. Alphaj Anti~trypsin deficiency (at special risk to dévelop
chronic lung and/or liver disease),
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EXHIBIT F - 6(3)

USDOL/OSHA

*3, 2-hour post-prandial serum bile acid. (The most specific
sensitive test for hepatobiliary disease - not as yet
activated-cost per test on contract basis, $20 test)..

* Probably can be cost-accounted through Bio-Science
Laboratories and other similar laboratories.
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