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1.0 EXECUTIVE SUMMARY

The Natioral Institute of Occup:ztional Safety and Health has
recommended a 0.1 fiber/cc TWA exposure limit and a 0.5 fiber/cc
ceiling exposure limit be set as permiszible limits for asbestos ex-
posures in the work place. Accordingly, the Occupational Safety and
Health Administration {OSHA) contracted CONSAD Research Corporation
t> conduct a supplementary analysis of thesn lower exposure limits
with regard to the feasibility of control and economic implications fo
affected industries. Emphasis was also placed on determining potential
subgtitutes {or sabestos and competitive producis. A parallel, yet
extremely important change was to svaluate the feasibility of monitor-
ing asbestos exposures at the 0.1 fiber/cc level, CONSAD subcontracted
this imvestigaticn to Clayten Environmental Consultants who alse evalua-
ted the technological feasibility of controlling ashestor exposures.

It is Clayton's judgment after a careful revisw of: 1} currently
sttainable and reported exposure lovels, and 2} advancing control tech-
nology and related reductient in exposure levels, that the primary
asbestos industries can senerally comply with a 0.2 fiber/cc time-
weighted avorage {TWA) exposure level, but not a 0.1 fiber/cc level,
using both the beset spplication of techniques now available and nearly

developed tachnology likely to be implemented within the next two ycars.

1.3
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The exception o this is the dry-woven textile segment where expesure

levels cannot be reduced below 1.0 fiber/ce without major breakthrough
in new processing technology. Where this kind ef breaktiirough hay
occurred in the textile segment -~ development of the "'wet" process
used by one of the asbestos textile manufacturery -~ axposures can
be reduced to levels consistent with tha 0.2 fiber/cc projected limitation.
The determination that 0.1 fiber/cc exposure level is not techni-
cally faasib:lc even by spplication of best available technology rests
Iargely on careful evaluation of the likely background level in primary
aghestoz industries (other than dry woven textiles), In these plants,
raw {iber i; being received, stored, 2nd handled and finishing opera-
tions are being conducted with manual materials-handling procedura.
In such instances, the ubiquitous nature of asbhesatos in such facilities
283 & result of worker careicssness, control system malfunction, in-
advertent spillage, and less-than~perfect work practices will result in
a finite backgrourd fibar concentration upon which even slight TWA
exposurs alevations »- malnly in the {i1 2 handling and finishing -
operations -- will yield integrated TWA cuposures on the order of
0.8 ¢ 0.3 Gber/ce. Therefors, it ic the contractor's judgment that
evea the bast applications of kaswem control measures Including exemplary
W?‘k practices point tu o feasible, realistically achiavable TWA expo-
sure level for asbestos in the primary lndustry cegrments (other than dry
woven textiles) of 0,2 fibar/ce for acbestor flbers greater than five

microns in length,

1.2
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In evaluating the potcntial of replacing asbestos in product lines,

it iz evident that there does not exist one material that can be used in
‘all asbestos applications as a substitute. In most instances, the
materials evaluated for these applications are more expensive than
asbestos and would require some modification of the manufacturiang

. process. Furthermore, significant cost and performance penaltics
may result frorn a switch ¢to non-ashestos materials, Neverth‘elcs g,
ther« exists a significant research and development effort in the
asbestos industry te find suitable replacements {or asbestos. ‘Prenently.
therc is a well-defined trend te substitute other materials for asbestos
in reinforced plastics with over 50% of the reinforcement of phenolic
molding comnpennds provided by non-asbastos substitutes. In the ‘ﬂoor-
tile segment, mamufacturere are running trials on 2 new cellulose fiber
¢ be used in place of ashestos, An intense research and development
efiort is ongoing in this country to replace asbestos in {riction materials
azd some success has bean reported. Fiberglass is most commonly
reported materisl being evaluated te replace ashestos in ca;-tain paper
and textile applications. Additionally, mewly developed synthetic fibers
{e-8., Aramids, Caramice, Graphite} may also play seme role as
asbestos substituies; however, their evaluation st be considered on

8 product-by-product basis. Replacing sabestos in cement products

of A/C pipe and sheets, is under heavy rasearch iovestigation with

1.3
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some success reported im England and Japan using alkali-resistant

glass. However, little is reported in the U.S. on the usc of this
material in domestically produced cement products.

Compatitive products also will play a role in the event of reducing
the axposure limit to 8.1 fiber/cc. Ac the exposure limit is lowered,
the probability increases that using an asbestos~containing product
will be éubject to OSHA regulations, In certain instances, where a

:
competitive product performs on a comparable cost/performance basis
as asbestos products, some end-users may well be forced to switch
to other products rather than face governmental restrictions. There-
fore, in cases where asbestos-containing products exist in very com-~
petitive markets, OSEIA regulations and their ancillary requirements
for monitoring, medical surveillance, showers, etc. may make these
products less attractive and thus cause a decline in their relative
market chare. If this trond continues for aay given product, certain

asbestos applications may cease ¢ exint.

3.6
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2,2 INTRODUCTION

On December 13, 1976, the Naticna! Institute for Occupational
Safcty and Health (NIOSH), made a recommendation to the Occupational
Safety and Health Administration {(OSHA) that no worker be exposed to
an aizborne concentration of ashentos in excess of 100, 000 fibers over
S am iz length per cubic meter on an 8-hour time-weighted average
bhasis (i.e,., 0: 1 tiber-/c‘c). In add.itioh. the proposed recommendation
states that no worker should be exposed to peak concentrations in’ |
excess of 500,000 such fibere per cubic meter of air based on 15-minute
sampling pericds (i.e., 0.5 fibers/cec). To date, OSHA has formally
proposad reducing asbestos exposures in the workplace to 0,5 fibers/
cc TWA and 3 5 fiber/cc peak exposure limit. Ia July 1976, CONSAD
submitisd ite final revort on the technological feasibility and inflationary
impact of the 0,5 fiber/cc exposure Limit, The purpose of the Teporst
to follow is to conduct & supplemental analysis of affected industries
favolved with asbestos in order to determine the technological feasibility
ef reducing exposures to 0, 1 fiber/cc and to assess the economic impli-
cations of such an action.

The technological feapibility enalysis focused on three mejor
srsas of concern: determining further engineering control to reduce

nsbestos exposures; identi{ying potential aArcas where a change in the
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manufacturing process may be anticipated to control exposures, and;

assessing the fcasibility of accurately monitoring asbestos exposures
at these low limits, i.e., 0.1 fiber/cc., Ascther major effort not
covered adequately in the previcus TFA/IIS for asbestos was an evalua-
tion of the possibility of suhstimﬁng different r-aterials for asbestos
in the manufacturing process or other products for asbestos containing
products. To these ends, potential substitutes are identified and their

: ,
relative moarits (i. @, cost, performance, availalility are discussed
as compared to asbestos products. Finally, an attempt was made to
evalunte the owerall econornie implications of further reducing exposure

limits to 0.1 Giber/cc if it is feasible te attain. HMHowever, it was not in

 the scope of this stedy to determine the {ndustry-wide cost of compliance

with a 0.1 fiber/cc éxposure limit, sor to evaluate the economy-wide
inflationary impacts associated with such a recommendation. ‘This
document {s intended to provide scund dats base upen whick the fezsi-
bility of monitoring and controlling asbastos exposures at 0.1 fiber/cc
can be evaluated and to identily the potential for replacing asbestos in
many of itz product applications.

?@x the most pa~t, this report focuses oa the major primary
asbestos industry segments, Chaptsr 3.0 briefly discusses the contrac-
tor's methodology for the technological, sudbetitution, marketing, and

monitoring assecsments z2nd generally descritos overall data gathering

2.2 CRMC-M&S-00274¢




procedures and major sources of information, Chapter 4.0 prescnts

an overvicw analysis of technological, substitution and market consi-
derations commen to most segments., Chapter 5.0 is presented on a
product-specific basis corresponding to the ninc major industry
segments idemtified in the previous TFA/IS for asbestos. These
include:

» Asazlog~-camant pipe:

o Agbestos-cement ehects, shingles and siding;

° Asbestos friction materials;

® Vinyl ashestos Ooor tile;

® Asbestos reinforced plastics;

o Asdbestos paper products;

° Agbestos paints, coating and sealants;

e #Asbsstos gaskats, seale and packing materisls;

o Asbestos textiles,

Each of these major product categories contains a background
discussion concerning the products, the feaeibility of engineering con»
trois, = discussion of material substitutes and competing products, and
an analysis of the economic impliz2*ons that may result from lowering

the asbestos exposure limit, Chapier 6.0 consolidates the most impor-

tant points brought out in the product-specific discussione in Chapter 5.0

and broadens the focus to evaluate the overall implications of the

3
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rccomméuded exposure limit of 0.1 fibes/cc. The feasibility of moni-
toring apd accurately counting asbestos f{ibers in the workplace environ-
ment {2 presented in Chapter 7,0, Included are alternatives to the
present phase-contrast microscopic method and a review of pertinent
agbestos cxposurae data %o determine the accuracy and precision of the
NIOSH approved monitoring method. Appendices are provided at the

end of the repor? ¢to emphasize and document discussions in the major

text,
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3.0 ASSESSMENT METHODOLOGY
3.1 Technology Asscssment

The assessment of technological feasibility with reference to the
NIOSH-proposed 0, I fiber/cc exposure level comprised updated infor-
mation gathering and compilation uid evaluation on a product segment-~
by-segment ?zsi'. Updated existing data obtained from CONSAD/
Clayton's TFA/IIS for the 0,5 {iber/cc exposure limit included a multi-
level investigation covering: 1) an updated literature rcview, 2) direct
inguiries ~ telephone interviews and visits - to selected asbestos indus-
trias, and 3) aelected plant visits, Because thi; study supplements
the earlier, comprehensive analysis with reference to the proposcd 0.5
fiber/cc level, primary focus has been placsed on the conception, plan-
ning, and application of control methods in the intervening ‘ime period
since the first study. At the same time, it must be recognized
that the evolution and insplcrnintauon of control techniques in the pri-
mary tv'oectba industries -- engineering methods, process changes,
equirment substitutiorn, and work practices -- represcat a continuum
of udvancing technology, largely void of major 'breakthroughs.' This
oeccurs in large part because the workplace asbestos iundard has been
2 "moving target' a¢ which industry hae bdcn aiming over a period of

several years, Thus, even the increasingly better application of well-

3.}
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known, proven control methode on 3 more consistent, cxacting basis
hes resulted in steady, sometimes dramatic decreases in airborne
asbestos fiber concentrations in many industrics,

The assesament methodology. accordingly, has deponded largely
on CONSAD's and Clayton's continuing interaction with the asbestos
industry, Specifically, 2n atternpt was made to identify those organiza-
tions who: 1) were likely to kaow of or be applying 'best technology, "’
and 2) have extended cooperation and demonstrated interest to the
exient that plant visits and critically-meaningful dialcgue short of on-
pite visits would help to indicate current trends with re.pect to advanc-
ing control technology. a

The most useful documentstion for the assessment of technology
hes beer ths opportunity in several instances to see firsthand, and
reléto aimulu:neously. recently-measured exposure levels with actual
eperations at representative work sites, This on-gite cbservation and
assessment of the various operations, inc;uding the nature and extent
ﬂ local and genersl controls and work practices, hag also proven, in
tha contractor’s judgment, to be extremely reliable information,

During these visits and in the course of continuing discussions
with industry representatives, several inaovative and adapt.ve control
techniques have been identified that, taken together, define the frontier

of advancing technology for centrolling asbestos in the workplace,

3.2
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These techniques are identificd and described in Scction 4.0 as they
impact the various major product lines in ti;se primary asbestos indus-
tries,

Two initial processing steps commen to most major ségmentl of
the primary asbestos industries -~ fiber receiving/storage and fiber
introduction -~ are treated initially in an overview discussion that

precedes the detailed Mgmenz-by-segmém snalysis,

L e

3.2 Assessment of Potential Sﬁlia;gimtes

To obtain data on the potential for sudstituting other matcrials
i . for asbestoe, several approschez were utilized, First, CONSAD con-
ducted 2 muiti-file retrospective computer search of major informa«

tiomal data files. These files included:

.. o NASA 1962 - current;
I ) " NASA Technical Briefs:
® Market Astracts 1972 - current;

° Engineer!ng Index 1970 - current;

.

MTIS 1970 - eurrent:

P
M
2

.

. Chemical Abstract Condsnsation Applisd Section
Volumas 69-85; and

-

. theMnema duta bases,
The output from those fllee for the mos: part included citations and |

abstracts of references, Promising sources were categorized by

g Ty e
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product segment and attempts were made to obtain copies of complcte
iterma. Much of (e literature was from foreign sources that could not
oasily be accessed; however, some of the abstracts provided useful
{aformation

The second approach involved telephone interviews with industry
personnel; those people 2ssociated with the agbestos industry; the
manufacturers of substitute materials and other knowledgeable sources,
From these conversations, CONSAD solicited information on material
substitutes, their application, availability and cost information or pro-
ducts that compete with asbestos~containing products and finally their
judgment corcercing the economic implications of a 0.1 fiber/cc
exposurs limit for nsbestos.

A third method wtilized to gather information and data was to
eonduct & limited number of on-site interviews with asbestos industry
zesearch and development and marketing representatives, Meetings
have been conducted with the Asbestos Information Association,

Johns - Manville ceryorsaian, Raybestos-Manhattan Corporation, and

Bendizx Corporation. it is believed that the information that the contrac-
tor has been able to gather Irom these various efforts represent a
thorough search of the possible substitutes for asbestos in these major
product segments. A major difficulty ia obtaining this information is

that a groat deal of the research and development work to {ird suitable

3.4
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substitutes for ssbestos ie being conducted by the manufacturcrs of
minatog-conummg products, and duec to the competitivencss of the

market, opecific data is proprietary and confidential,

3.3 Economic/Market Assessment

In orvdar to determine the economic implications of & further
reductisn of the ashastcs axposure limit ¢to 0, ! fiber/cc as recom-
mended by NZQSH. an anslysis of the various markets in which asbestos
products compete was undertaken, This work can be considered an
axtension apd refinement of CONSAD's economic study conducted for
the prépomd 0.5 fiber/ce., Major markets have been more carefully
defined and further divided into sub-markets of the nine major product
segments of the primary manufactures of asbestos products. To these
2nds, information was obtained on the size of these sub-markets in terms
of their consumption of asbestos fiber, sales volumes and/or units of
material sold, Additionally, products which compete with asbestos
products wore identified and 2 attempt made to determine the market
shares af the major competing products, including asbestos-containing
items. The above information was obinined from & variety of sourccs,
including:

N Producers of asbastos products;

e Trade associations for asbestos products;

3.9
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o Trade associations {or noa-asbestos products;
. Producers of non-ashcstos products;

. Trade periodicals;

® 1972 Census of Mavufocturers (U, 5. Department
of Cormmerce);

- o Marketing Study of Asbestos Industry, Miristry
. of Industry and Commerce, Government of
Quebec, {(done by Sores Inc, and A, D. Little of

) Canada, 1td,}.

Existing ¢trends in share of market were identified for some sub-

markots where asbestos products and non-asbestos products campete.
Prices of asbostos products and competing non-asbestos products are
indicated. Trends Ain share of market are also presented for domestic
gales and imports in {ndustry segments where asbestos product imports
are 2 significant force, {.&., the atbestos textile industry. Addition-
ally, relative prices of domestic and imported asbestos products are
delineated, Infermation concerning trends in share of market and

price data wae provided by the following sources:

® Preducers of asbestos products;
° Trade associations;

o Building Crastruction Cost Data (R.S. Means Company);

® Agbestos magazine,

&L
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Tradc ssgociationz for non-asbestos products;
Produceres of non-asbestos products;

ZTrade periodicals;

1972 Censua of Manufacturers (U.S. Department
of Commerce);

Marketing Study of Asbestos Industry, Ministry
of Industry and Commerce, Government of
Quebec, (done by Sores Inc, and A, D, Little of

c&mdﬂ. L, )0 ’

Existing trends in share of market were identified for some sub-

markets where asbastos products and non-azbestos products compete.

Prices of asbestos 9#@&;::&3 and competing non-asbestos products are

indicated. Trende in share of inarket are aiso presented for domestic

gales and importe in industry segmentz where asbestos product imports

are 2 eignificant force, i.2., the asbestos textile industry.

Addition-

ally, ralative prices of domestic and irnported asbestos products are

delinested. Information concerning trends in share of market and

price data was provided by tie following scurces:

Producers of asbestos yrodﬁcts;

Trade azsecintions:

Building Construction Cost Data {(R.S. Means Company);

Asbestos mags “‘naz,

3.6
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An atternr® was madc to determine the price sensitivity of pre-

sent agbestos-containing pruducts as a method to qualitatively evaluat-

ing what effect the increased cost of compliance for OSHA stands would ET
hawe on the continued economie viability of the product. For the most
part, this information wae oblained from conversations with the major
producers of asbestos producta, However, in the water and sewer i

pipe market in which asbestos cement pipes compete, consulting
engineers, a;un&cipal water works personnel were contacted for their
input,

Finally, in order to put into prospective what overall implications
weould result from an imposed 0, 1 fiber/cc acbestos limit, a brief
discugsion is presented on the effects of a rigid enforcement of the
current 2 fiber/cc in end-use applications, i.e., the construction

industry. To these eads, information wae obtained from producers

of ssbestos products, construction industry efficials and OSHA's TFA/

IS on the propesed asbegtos exposure limit for the construction indus-

try.
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4.9 QVERVIEW CONSIDERATIONS

4,1 Technological Feaspibility

This secticn of the report sresents an overview of the technolog-

feal feasibility analyeis for the primary asbeetos industry segments

by Clayton Environmental Consultants. Within each segment-spacific

section in Chaptar 5.0, the information crucial to technological feasi-

bility i organized in the following manner:

@

Bofors beginniag the segrnesnt-specific anslyses for the primary asbes-
tos industries, it is helpful t» Srat cover two important processing
staps comumon te all segments, "fiber receiving and storage" and
"fiber introduction, ™

4.1.. Fiber Receiving sod Storage

Tho starting point of an ovaluation of coatrol measures and their
irmpact on exposurs levels in the primnary asbestos industries must

bagin with considoration of the significant characteristics of a critical,

Review of Procers; . }
Current Controls and Work Practices;
Reported Exposure Lavels;
Currently-Achicvable Exposures:
Future Controls Under Development; and

Projscted Lowest-Achievable Exposures.

4.3
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industry-wide pre-nrocessing operstion: fiber receiving, warchousing,
storage and staging, Because thiz functional operation is common to
all of the azbestos industrice where raw fiber is introduced in a manu-
facturing process, this discussion applies to all seyments, as does the
following discussion on fiber introduction.

Asbestos fiber 2 currently transported inm a dry state by rail cars
or trucks and coatained in paper or plastic bags as palletized ship-
mentz. At a plant cperation, this material iz unloaded manually or,
more oftea, by powered forklift ¢rucks, The palletized cargo is brought
to a raw-fiber warehouse for intermediate storage before being distrib-
uted to 8 staging area{s) within the plant operations near the fiber intro-
duciaon work station(e}.

Splilage from these raw-{iber containers -~ in the rail car or
trailer, in the warchouse, or in any portion of the plant -- adds signif-
icantly to the exposure levels., Thiz occure not only to the warehouse-
men or truck operator who tranaports the fiber, but also to other
persceas in the plan? subjccted to the ubiquiltous, backgrcund presence
of asbestos as {t may be epread throughout the plant or entrained by
pedestrian or vehicular ¢raffic. This background leve! becomes
increasingly significant with referenee (o the vory low fiber lovels of
interest, such as 8, B,/ 0.2, or even 0.5 fiber/cc. Background levels

sionec can equal or sxceed these concentraticns without preventative

4.2
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steps to avoid spillage, to vacuum any spillage, and to otherwise
suppr2ss fiber reentrainment from f(loors on a general basis, Accord-
ingly, it iz extremely important to avoid tearing, zipping, or damaging
the 2<hertos bags or containers during shipmern:, unloading, stacking,
and unctackiag, and transport within the plant operations,

Current Controls and Work Practices

Several enrrently available practices and techaniques are used
increasingly to aveid asbestos-bag damage, These include inﬂaublck
dunnage, linad rail cars, pallstized loading, shrinking film wrapped
palletz, and double-scaled bags. Consistent, routine tapirg of broken
or torn bags and vacunming within the shipping cars prior to unloading
are critical o minimize exporure to the warchousemen, to workers at
fiber m:'oéucﬁsm. and to meet low plant-wide background levels.

ALl spills subsequent to unloading must be vacuumed promptly
to zvoid elevated exposure in both the receiving and warchouse areas
and in the {iber introduction step aflter damaged bags have been staged.

Bulk shipresnts of compressed asbastos pallets and Kraft-paper-
wrapped bhigh-denaity blocks are available {rom selected supplierc.
The bigh-censity block of anbestog -« which produces less dust in
receiving and warehousing -~ ir expectad to ba used morc widely as

one of several procese modifications to minimize fiber emnissions now

produced during bag oponing. Appl/ ation will become moro widesprcad

4.3
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ae teshniques for fiberizing the densificd raw {iber continuc to be
developed im scveral product lines.

Renort~d Exporure Levels

A Umited survey of several primary asbestos industry segmerts,
plus a review of recently-published exposure levelz, show the time-
weighted average (TWA) asbestos exposure in receiving and storage to
range widely. from 0.1 to 2.5 fibera/cc, Even the lowest reported
levels bave been achicved with less than full-scale application of
effective, currently avallable contrel measures.

Currantly Achievable Exnosures

if the control methods and work practices outlined above are
implemented routinely, Clayton believes the TWA exposure Le\"el: for
unloading, storage, and transport gﬁ raw fibers can be maintain:d con-
sistently below 0, 3 fiberfce., This will vequire:

1. Repair of dermaged containers;

2. Immediate clean-up of spillage and flonsr accumulation
of asbestor-containing solids; and

3 Floor cleaning at least ance per shift with a power-
vacuum unit -- preferably combined with wet floor

cleaning,

Future Control Methede Under Development

Additional contrel messures now being developed, in addition to
widor usage of high-density fiber biocks, imclude improved packaging

{gencral movement toward plastic bags), etronger pallcts, standardized

€. 4

- CRMC-M&S-002760

= - s o it




ey

minimum number of sizes for bags, and improved transportation prace
- tices.

Projected Lowest-Achicvable Exposures

Clayton believes, on the basis of judgment and currently-attain-
able exposure levels, that ashestes exposures in the fiber receiving
i. and storage pre-processing stages can, within about two years, be
’- controlled comsistently below 0.2 fiber/cc if the same level of progress

demonstrated in the past two years can be maintained.

€. 1.2 Fiber Introduction

. - In addition to fiber receiving and storage, another processing

step coruznen to all primary asbestos industries is the introduction of
{ raw fiber into the proceas. Becausc this step is functionally similar
in mest of the major product Jines, the assessment of technological
feaeibility 1s addressed here, prior to the segment-by-scgment
analyces.

The most significat difference in processing technique with

-——
» '

- v
. v

reference to fiber introduction among the various segments is the

L degree to which the raw fibers must be opened or "fiberized" in the
izitial stagen of processing, This fiber-opaning effect is achieved by

techniques known as “milling", “willowing', "fluffing", 'blockbusting",

X i s g s Vg St s iy Bh s A A iy bea e 0% oot o oxnli dscrn .
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{-‘ "beating” and "hydropulping’. The significant difference among these

-
’

trchniques »- requiroments or product-specific processing -- will
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definitely affect the dugres and timing of use of high-density raw«{iber
consumption in the varicus operstions, ‘§~‘or example, the "Paints,
Coatings and Sealants’ mixing process requires a very high degree of
fiber opening, often denoted as “fluffing”, This is accomplished much
more veadily when the raw fiber is introduced ¢o the process in a rela-
tively uncompacted state. On the other hand, the use of high-density
blocks of zaw fiber finds beet a?pgcaﬁen. under currently prevailing
practice, in the paparmaking segment of the industry, especially when

bydropuipers, a2 opposed to beaters, are used to mix and homogenize

the wet-stock batch prior to che paper-forming operation.

Current Controls and Work Practices

The fiber introducticn step currently takes place almost exclu-
sively by manual bag-dumping methods, although semi-autormnated bag-
dumping stations for fiber introduction are being tvicd in a few instances,
The primary advantage of avtomated bag-dumping is the distance and
degree of physical enclosure scparating the worker loading the con-

veyor-fed equipment from the bag opening per se. Although it appears

-—-—“?.—-‘“—mm

very likely that automatie bag-dumping etations will eventuslly be used

on & widespread basis, there is no documented evidence as to the addi-
tional protection afforded the worksr by this method, Nevertheicss,
judginent suggents that semi-automnated bag-dumping would holp lower
exposures st fiber iniroduction beiter than the best designed and venti-

lated manual dump stations.,

4.6
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The fibar-introductiop processing step is accomplished in cur-
rent oporations largely by the usc of evacuated, hooded dump stations
with enclosed empty-bag receptaclcs contiguous to the dumping hoods,
but aloo kept under negative pressurs, In the '"Paper" segment, how-
ever, pulpable krafi-paper bags can be added to the wet blending oper-
ation without & bag-emptying and drying operation. A similar bag-to-
batch addition situation occure in the ""Floor Tile' segment whetve
polyethelens containers are compatible with both the process mixing
épemti@n and product guaiity, thus clirninating the need for mapual
bag cmptyxng and dry-bag dispeszl,

Tha vse of semi-enclosed local exhaust ventilation represents
the me -t important control method applicable to worker protection at

the fiber introduction step. When a worker empies a bag maaually

by slitting, shaking, and/or dumping within a semi-enclosed dump
station (kept under negative pressure), the disposal and related bandling
of the bag becomes paramount with reference to exposure level. The
newer generation bag-dumping hoods have an empty-bag receptacle
incorporated within the evacuated enclosure so that several empty bags
can be accwrmiated and then removed in sami-sealsd containers to
suitable larger dieposal racaptacles. This technique is proven and

and cuzrrently availsble, @ut nseds to be uscd on a2 more routine basis

than at preoent in order to achicve the lowest attainable fiber exposure

lovala,
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e Adermuately exhausted fiber introduction enclosurcs
which contain facilitics for proper disposal of
empty bags:;

&s Regular performance checks and preventative main-
tenance on local exhaus: gystems;

3s Immediata clean-up of spillage and floor accumulation
of asbestes-contairing solids using central vacuum-
eieaning systems;

< Floor cleaning at least once per shift with a power-
yacuum unit «- prefe:ra.bly combincd with wet floor
claaning; and

14
[

Machanmicallvasupplicd, contzminant-free make-un air
{temnpercd relative to ambdicnt conditions) in sufficient
rolumetric !Iawrate@ to balance the combined local
exhaust capacity in 2 given work area.

These measures, together with the consistent, exacting application of
gontrol measurcs described above, would, in Clayton's judgment,
achieve exposure levels consistently below 0.4 fiber/cc on a time-~

woighted sverage basis for bag-opening, fbher introduction cperations,

Future Contra! Methods Under Tovelopment

Additicnal control measures mwbe—iag developed, in addition to
wider use of high-density ﬁbéz blocks and semi-automated dumping
stations, imclude recycliable bulk containers and reinforced bag construc-
tion, The uee of bulk fiber shipments with closed, automated, pneu-
“natic conveyance represants nnother promising concept now in the |

firot stages of development,
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Projccted Lovest-Achivveble Exnosurcs ) g
Althoush the {iber introduction step has been very troublesome,
histerically, with respect to control of worker exposures, an exacting %
i application of hooded, manual bag-dumping staticas, with integrated

.
.

emp?y bag collecton and the maximum, increasing use of high-density

oy

Bber blocks and process-racyclable containers should, ia the cou-

a tractor's judgment, ane:w 2 consistent meintensance of TWA worker
expasures below 0.2 fbericc within about two years,

4.3i.3 Eangineering Cantrol Costs

In the current, supplemsntal analysis, we bave identified only

te> pewly-available coatrol techniques that need to be considered as

- incremental costs recessary to achisve TWA asbestos exposures of

€. 2 fiberfce. These include the 1) semi-automated bag-dumping
s2ation that will be widely used for the {iber introduction step and
T 2} a mew operator-drivas mobile {loor cleaning unit that incorporates

wet scrubbing together with vacuuming. Although these two techniqucs

R T R T O SO

s

; a2z mow being introduced, their incremental benelits Lave not yet baen F

~ documented with reference % worker exposures to asbestos. Nover-
theless, thelr use suggects some sdded bepe{it in maintaining exposure
izvels below 0.2 fiberfee.

| The machinery roquired for the bag-cpening station costs $15, 000 g

plus an edditional $78,000 in instailation costs (labor and materials)

4.130
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according te Johns-Manville Corporation. For futurc systems, the
contractor estimates that the total inctalled costs would be approxi-
mately $40, 000 per station, The cost for the new mobile unit ($11,000)
is not markedly different from the dry sweepars cited in the prcvioui

TFA/IIS. It is not believed that these costs will significantly change

the control cests cstimated earlier to achieve 0,2 {iber/ce.
8.2 Subatit\.mes for Asbestos

At the gutset it should be pointed out that there does not presently
exist a substitute smaterial that is zble ¢o replace asbestos in all of its
major preduct applications. Substitute rmaterials zra availsble for
many applications, but they may net match asbestos materizls on a
strict cost/performance basis in many inctances. Historically, asLes-
tos has been an extremely versitile fiber able to impart reinforcement,
heat and chemicai resistance to varicus products. The unique proper-
ties of chrysotile asbestos fibers are brielly cutlined in Table 4. 1.

Mary factars have encouraged the search for suitable substitutes
for asbestos for many years. These factors include:

e Sigoificant price increanes for asbestos (See Table 4.2);

® Significant world-wide shortage of asbestos fiber;

o Concorns regarding the haalth effects of exposure to
asbastos;

4,11
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TAEBLE 4.1: Unique Characteristics of Agbostos

- Proper

Alkalli rezistance

Fine Fiber Diamater

High Tensile Strength

8
High Impact Resistance

Temperature Resistance

Surface Charge

High Modulus of Elasticity

Fiber Characteristics

Dispensibility
Cost

Comment

Attack only occurs at extremely high
concentrations and temperatures.

Provides many reinforcing fibers
per unit weight,

300,000 to 500, 000 psi depending

upon test method and particulate
source.

Not brittle and will not degrade
readily in length upon processing.

Good; brittle at high temperatures;
temmperature at maximum ignition
loss, 1800° F.

Positive - provides chemical bond to
many mediums, i.e., asphalt,

Appmmtely 12-20 million pei.

Curly and flexible which is beneficial

in forming characteristics in manu-

facturing process; also interlaces whea

formed into sheets and naper which
eshances procduct strength,

Readily dispensible in aquecus slurries.

Provides low cost/performance or
cost/physicial property ratio.

Scurce: Jehas-Manville Corporation
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TABLE 4.2: Asbestos Fiber Prices: 1970 and 1977

19+vd 1677

Price/ Price/ Percent

Tonl Ton? Change
A/C Pipe | 3218 $561 157
A/C Sheet : $184 $43¢4 136
A/C Shingles and Siding $113 $269 138
Disk Brakes ('E'M) $184 $434 136
Segment Lining (FM) | $ 73 $146 100
Vinyl-Asbestos Floor Tile $ 42 $100 l38.
Latex Sheet Underlayment $137 $299 il8
Commercial Paper $113 $269 138
Reinforeed Plastics $ 60 $130 117
Roof Coatings $ 54 $112 107
Sheet Packing : - gise $434 136
Beater-Add Gssketss $184 $187 2
Asbesios Textiles 8425 £1093 157

RA\d,d 814-16 for freight to Northeasters areas,

zAdd $30 for {reight to Northeastern areas.
3Grade of fiber changed.

S8ource: Johas-Manville Corporation,
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. Heaith concerns rerarding the use of certain asbextos
containing products (i.c., drywall spackling compound):

. Administrative burdens imposed by OSHA's current
standard for occupational exposure to asbestos;

o OSHA's QOctober 1975 proposed amendment to the
aebaatos standard (i.e., 0.5 {iber/cc exposure limit);

o Increased workers' compensation costs;

ST TR

° Incraased {ncidence of common law product liability euits;

° Incressed difficulty in obtaizing product liability insurance
coverage; and .

o Increase in advance publicity regarding health effects of
asbestos.

The above factors are illustrative of the incentivez which industry has
had in receat years to find mbsitimtas for asbastos even ~without the
added impetus of 2 0,1 fiber/cc exposure limit. The developmen® of
adequate asbes?os substitutes is & painstaking, lengtly and cestly
undertaking for industry; however, it is evident that 2 major rosearch
and development effort is presently underway to find suitable replace-
rmants in products where it is both technically and economically feasible,
To delineate some of the difficulties encountered in actuslly substituting
other materials for asbeetes in 8 major product line, Appendix A pre-
sents a case study of Johns-Manville's sucecos in developing a mon-
ssbentoe molded insuistion product. It has beon emphasized thit even
though valuable knowledge may be gaincd by the manufacturer ins

succoseful soarch for am asboetos substituto, it i not meccasarily

4,14
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transforable to other product applications. [t nay be fair to say that
the rescarch and development cfforts to replace asbestos will be as
unique as the individual preduction and product/performance require-
mentis.

As stated previously, the following Chapter 5.0 is organized by
major product segment, For each of the se major asbestos-containing
products, the potential of material substitution for asbestos in that
perticular aprlication is reviewed as determined by industry research
and development, Due to the competitiveness of the industry, much of
the apecific detail on actual material compositions and costs is pro-
grietary, and unavailable. However, general comments can be made,
Additionally, Appendix B lists the varions materials and fibers reported
as potential substitutes for as.bsstcm. For each material the potential
product applications are listed an reported by the literature and industry
sources. Cost comparisons and general performance comments arc
also given. Thiz listing is not intended to be comprehueasive, but taken
with the discussion of substitutes in Chapter 5.0 for each major product,
a fair interpretation of the potential for replacing ssbestos in cartain
applications can bz gained,

A finasl general comment on substitutes. In CONSAD's many
conversations with membaere of the asbestos producing and user Indus-

try, ope of their major coacerns is that other materials or fibers

4,15
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congidered o8 adequate asbestos substitutes will themselves have
adverge health effccts. A case in point ig the introduction of potassium
titanate fibers in 1971 by Dupont, tradename FYBEX, as 2 replacement
for zobestos in reinforced plastice and possibly friction materials.
However, in 1974, Dupont withdrew this material from the market
beczuse it showed signs of being potentially hazardous to man,
Appendix C _gs a brief accounting of the development of FYBEX fibers,
its potential applications and gencral toxicity as ;clated to CONSAD by
Bupent. In the international community, a three-pronged study into

the carcinogenic activity of w-m@ mineral fbers used in industry
88 asbestos substitutes, is being undertaken by the International Agency
for Research ca Caacer {Lyon, France). Pbysical similarities betwcen

the man.-made Shers and asheatos have led the European glass-fiber

and .mxﬁh industrice to ask LARC to carry out epidemiological studies
in 70 factories in 15 countries, laboratory studies on animals and fiber-
. dust measurements m manufacturing plants. The resuits of this study
have not yet been’rcvicvad. (1) As important ag the evaluation of potene
tial health hazards for asbestos substitutes seem to be, it should be
: smphasized that this type of evaluation i3 not within the scope of the
present study, CONSAD has reported on items that were uacovered in

the cource of iavestigation, but has not actively rescarched the poten-

tial tonicity ef idumtified substitute materialo.

4. 16
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4.3 Asbestos Industry Market

In order to gain a perspective on the rclative size and importance
of the major scgments of the primary asbestos industry, asbesios fiber
usage by product category are presented in Table 4.3, For consistency,
the product categoriee are listed in ths same order as in the previous
TFA/IS study conducted for the 0.5 fiber.'sc standard. The data given
is for 1976, Howaver, it is reported that the consumption levels for
1976 are very similar to these amounts with the exception of joint
cements and réinfc»rced plastic-u which have decreased significantly
due to subaﬁmﬁen efforts. Additionaliy, Table 4.4 presents an .update
of oversll segment sales for the primary segments of the asbestos
indusztry. These figures are for 1974 and, in some cases, represent

a refinement based on more recent data of the sales information than

those presented in the TFA/IIS,
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TABLE 4.3: United States Ashestos Fiber Usage - 1974

Tons Pezrcent of U.S.
Consumed Aebestos Usage
AJC Pipe 139,000 16%
AiC Sheet, Shingles ang Siding 5z,000 6%
Fricton Msaterials £5,000 6%
Wiayl-Asbestos Floor Tile 110,000 13%
Reinforced Plastics 18, 000 2%
Paper Products 330,000 38%
Paints, Costings, and Sealants 78,000 9%
{65,000 €4S » 13,000 joint
cement)
Caskets, Seals and Packing 29,000 3%
Texiiles 12,000 1%
Migcelianaous 53, 606 6%
Total 76,000 100%

Note: The asbestos fiber consumption levels for 1976 are very similar
¢o 1974 levels, except the fiber consumption for joint cements

asd reinforced plastics has decreased considerably, due to

subscitution for asbeztos.

Source: Johns-Manville Corporation
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TABLE 4,4: Estimatced 1974 Salces for Asbestos Industry:
Primary Manufacturcrs and Sccondary Fabricators
{in millions) T

Primary Sccondary
Manufacturcrs Fabricziors

AH/C Pipe $250 $ 53
AJC Sheet, Shingles and Siding ¢ 60
Friction Materials : ‘ $300
V‘myl-Asbe;tcw Floor Tile $260
Reinforced Plastics $120 $294
Paper Products 81422 $340
Paints, Coatings and Scalants $275
Casksts, Seals and Packings $134 $280
Textilas $ 403 $162

!Secondary processors or fabricators represcnt those firms that pur-
chase products from one or more segments of the primary industry and
either fabricate these materials (for example, cutting and drilling of
cement sheet) or process them together with other materials for incor-
poration into an end product.

2Dollar estimates for this market generally does not reflect actual
sales tramsastions. Approximately three-fourths of this market repre-
sents captive. intra-company sales, For example, Armstrong Cork,
CAF Corporation, and Congoleum produce 85% of all American latex
sheet flooring and tranefer this production to themselves 10 make resil-
icnt shee? flcoring.

JApprodmamiy one-third of this market does not reflect actual sales,
but rathor intra-company transfers of asbestos textiles to make friction
materials,

Scurce; IS 0.5 fiber standard, CONSAD Rescarch Corporation and
conversatione with industry officials for revisions of A/C Pipo and
Caskuts, Scals and Packings cstimatcs,
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REFERENCES FOR CHAPTER 4.0

i 1. Chemical Week, September 29, 1976, page 33.
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5.0 PRIMARY ASBESTOS SEGMENTS
5.1 Asbestos - Cement Pipe

8.1, 1 Background Information

Asbestos-cement (A/C) pipe was developed in Europe in response
to the need for an anticorrosive, high pressure pipe to carry szawater
for Brefighting purposes. .Introduced into the United States market in
1929, asbestosz-cement pipe is cuirently used to convey potable water
usder pressure, and for non-pressure applications such as drainage
of storm water, sewage and other types of liquid wastes. Other uses
include electrical conduit ard vent pipe. Pipe fittings can also be manu-
factured {rom acbestcs cement. Standard pipe sizes range from 2
faches to 36 iaches in diameter but asbestos-cement pipe can be made
in diameters up to 80 inches.

The points more or less commoé to all asbestos-cement products
ere strength, resiliency, flexiblity, durablility, inmertiess and fire
resistance. Asbestos plays a major vole in all of these characteristics,
In pipe, asbeatos imparts a flexural strength which allows a certain
amount of deflcction without failure., The laminar structure of the pipe
which results from the basic tnethod of mamufacturing also contributes
to greater strength. Becauce of the pature of the raw materials usad

to manufacture asbestos-cement pipe it resists corrosion and most

8.3
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chemical action and is pot subject to electrolysis, Easc of installation
ang the intcérity of joints are valuable properties of pipes made from
thie material,
Formulations for asbestos-cement pipe are determined by the (
type of curing used in the operation and by the quality and types of
raw materials used. In the United States, curing of the product is

accomplished in a short time in an autoclave., The autoclave process

gxakes use of silica to react with {ree lime asg it is formed and ﬁm{
gpeedz up the rate of hydration of the cement, In other countries,
where curing iz carried out under moist conditions &t ordinary ternper-
atures, silica is not required.

Representative formulation range. are shown:

- Autoclave Cure Normal Cure

Asbestos 15-23% Asbestos 15-25%
Cement 42-53% Cemeant 75-85%
Silica

34-40%

£/C pipe h.s won ?:aneidernble acceptance as 2 high pressure
water pipe. In 1974, more than 50 million lincal feet o A/C water
pipe was sold in the U.S, for the 4'" to 16" standard water pipe size.
Industry sources estimate that over 50% of all A/C pipe made goes
Non-pressurs sewer pipe represents

into water pipe applicativns,

the second major market for A/C pipe. According to Johns-Manville

estimates, 35% of all A/C pips is scld in the sanitary scwer marke?

5.2
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with the remaining usages distributerd over a8 wide range of asbestos-

cement pipe products, The consumption of asbestos fibers for the
enti. * A/C pipe market including water and sewer pipe application

- wzs approximately 139,000 tons in 1974 or 16% of total U, S, fiber con-

sumption, Next 2o asbestos papers, achestos cement pipe ranked

;o second in overall domestic fiber consumption,

5.1.2, Technological Feasibility

Review of Process

Basic raw materials uscd for the production of asbestos cement
(A/C) pipe include asbestos fiber, portland cement, silica sand and

water. After fiber introduction to the process (see Section 3. 1.1),

conveying equipment carries the raw fiber to a dry mixing step. Agita-
tion in this step serves two purposes: opening or fluffing ‘he fiber, :
\‘ : and mixing the cemenﬁ congtituents. Sand and portland cement are
. added at this point, typically being conveyed pneumatically to an
i . enclosed, live-bottom mixer.

The dry mix pext passes by conveyor to a wet-mixing operation

just upstream of the pipe-forming machins., The wet mortar flow's to

the pipe~-forming machine vats, where the asbestos cement slurry is
picked up on a rotating, screesed cylinder moid and transferred on a
‘- traveling belt ever suction boxes, whers as 2 wat mat it is wrapped

om 8 mandrel, Wrapping contimmes to atiain proper thickness., Pipe

$.3
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sections are generally cast in 10~ to 15-{o0t lengths. After an initial
setting Hme, the pipe is stripped from the mandrel, then air cured,
r and final curaed in an autoclave using saturated steam,
. Cured pipe sections are then troasported to the finishing opera-
| [ | tions. Heoro the pipe is cut to uniform lengths and machined in a variety
i of ways - sawing, lathing, drilling, and outfitted with a coupling. To
} ensure a,ﬁ.gi}ﬂy-ﬂmng pipe joint, the ends of the pipa sections are
machined smooth; such {inishing is carried out oa a iathe.
4 The finished pipe is inspected, and each section of ''pressure
3 { ’ pipe” {pipe used for conveying water under pressure) is tested hydro-
statically. I
; In add.ition to full and partial lengths, pipe plants eleo produce i
a variety of standard and specisl fittings. Pipe coupling is the most
L: widely-used fitting, To mate with the machined pipe, lnside surfaces
! of the coupling must be grooved to hold 2 subber sezl,
Other fittings (teee, elbows, reducers, otc.) are produced on &
‘ lau-fnéuam schedule. Most pipe plants also produce specialty fittings
L end pieces oo an Individusl basis. Operatiens required for fittings
f i- production includs sawing, drilling, machining, boring, and bonding.
? ' Somas specialty applications require pipe lemgthe machined over thelr é
o entire length; thie le accomplished with a lathe. E
f ,
' :
- $.4
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Current Controls and Work Practices

Fiber loss to the work environment at the dry-mixizg stage is
controiled by maintaining negat{ve pressure inside the mixer -~ itself
an appendage to & local-exhaust dust-control system. The mixer
generally recelves and dispenses raw material by screw conveyor.

Local exhaust is also employed at the wet-mixing operation.
Introduction. of the dry mortar into the mixer ard initial agitation until
the solidzs become wet produce the dust zt this step. O=nce the mortar
becomesr wet, littie additional fiber becomes airborne.

A significant pordon of the fiber emitted between fiber introduc-
tion and wet mixing may result from mtérial-handling eqv.;ipment such
a2s scraw conveyors and bucket elevatosrs., Dust control in conveying
equipment is obtaimed through continuous exhaust of hoods and main-
tenance of negative pressure within the closed mixing equipment.

No special comtrol equipment is used during pipe formatien, air
curing, and steam curing. Nevertheless, good housekeeping is essential
at these steps, since spills of mortar or fragments of pipe will dry,
ultimately resulting in fiber releasc due to pcdestrian and vehicular
traffic.

Aside {rom fiber introduction, pipa-finishing machining operations
represent the major potential source of airborne fibers in an A/C pipe

plant, ‘Extcnsive local exhaust and hooding must be uscd near the tool

i N YT CRMC-M&S-002780
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cutting surface to capture and control {ibrous solids, including chips,
The use of single-point cu.ting tools, rather than saws or cutting and
machining equipment using abrasion, substantially reduces fiber emis~
sions at the finishing step.

Control equipment for coupling and fittings production is sssenti-
ally the same as that described for pipe finishing. Local exhaust near
the working point of the tool is used to capturc and remove solids.
Variability in production techniques and in pipe size make dcsign of
¢ight-fitting hoods difficuls,

Repocrted Exposure Levels

Several plant visits, plus continuing correspondence and phone
irterviews with industry representatives, together with 2 raview of
zecently-published exposure levels (1,2, 3), show the time-weightad
aversage (TWA) asbestos exposures in asbestos cement pipe plants to
range widely from 0.1 to 4.8 fibers/cc, In Clayton's judgment, however,

even the lowar reported levels have generally been achieved with less-

than-full-scale, optimmum application of currently-available, proven
control measures and work practices.

Currently Achievable Exposuros

Available, proven control measures and work practices which
could be used pow to bette advantage to assure low exposure levels

include the rigoreue application of well-known metheds, such as:

$.6
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i. Regular performance checks and prevcntative maintcnance
on local exhaust systems;

2. Immediate clean-up of spillage and floor accumulation of
asbestos-containing solids;

3. Floor cleaning at least once per shift with a power-vacuum
unit -~ preferably combined with wet {loor cleaning; and

4. Mechanically-supplied, contaminant-free make-up air
{tempered relative to ambient conditions) in sufficient
volumetric flowrates to balance the combined local ex-
haust capacity in a given work area,

These measures, together with the consistent, exacting application of
control measures described above would, in Clayton's judgment,
achieve exposure levels consistently below 0.4 fiber/cc on a time-
weighted average basis for asbestos cement pipe operations.

Future Controls Under Develooment

Wet mixing immediately aftar fiber introduction is being used in
at least one cement pipe plant. This process medification precludes %

ary mixing and thus eliminates one potential source of fiber loss to the

work emvironment,

Advancing control technology for reducing exposure ts asbestos
in the finishing operations includee redesign of machinery with inte-
grated local exhaust. Standard milling equipment and machinery with
minor modification have been used in pipe finishing, . Significant reduc-

tion is worker axposure could be achieved if the machinery were re-

dasigned for improving dust capture.

8.7
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Wet machining has been used at some areas in the A/C pipe finish-
ing and fitting production, and devcilopment work is underwa to deter-
mine if: .

1. Wét suppression can be adapted to the pipe lathes; and

2o Wet finishing reducas the fiber release at this processing
stage.

Considerable automation could also be incorporated eventualiy in
machinery redesign, thereby reducing employce exposure,

Project Lowest Achievable Expasures

Tightening of the materials-handling equipment betweeu fiber
!ntrodu;:t!on. ‘dry-mixing and nt-mixiné processes, ani/or use of
{mmediate wet mixing will further reduce the background fiber concen-
tration‘ near those sreas in a2 plant,

Systematic reduction in background fiber levels should reduce
exposure at the pipe formation and curing steps to below 0.2 fiber/cc

or lsss.

Immplementation of latest-available equipment will result in further
I exposure reduction in the finishing area. Exposure should be control-
L. lable to within 0.2 fiber/cc range by use of closely fitting local exhaust
L. systems designed cﬁecmcmy for cach individual unit, Table 5,1 pre-
' scnts reported sad projected asbestos fiber concentrations for A/C

pipe processes,

" ; BACAOMEL ) SENEET 247 100"
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TABLE 5.1: Reported and Projected Asbestos Fiher
Concentrations - Asbestos Cement Pipe

TUA Asbzilos Exposurc level
(£ibers/cc)

Process~-Related Work Arszas Teporced cutrently Pi;iﬁ:ﬁ:d

Raage Achievable Achiev-bla
Fiber Receifving & Storage 0.2 - 2.5 0.3 0.2
Piber Introduction 0.1 - 4,8 0.4 0.2
Dry Mix - Wet Mix 0.% - 3.0 0.5 6.2
Pipe Formation 0.1 - 1.4 0.3 0.2
AfrCure/Autoclaving 0.2 - 0.3 0.3 0.2
Saviug 0.1 - 1,9 0.4 0.2
Finishiang Lathas <0.1 - 0,7 0.4 0.2
c;upliaz Cusoff & lachaiaing 3.2 - 2.3 8.4 0.2
Fittings & Spectaliies 1.8 = 2,1 0.4 0.2
Deflling <0.1 - 0.5 0.4 0.2
Beywork Ssw & Crushing 2.0 - 2,9 0.4 0.2
Floor Sweeping <0.%1 - 0.3 0.3 0.2
Quality Contrel Inspectien | <0.1 - 0.2 0.2 0.1
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S.1.3 Potlential for Material Substitution

Asbestos has been used as a microreinforcement fiber for
cements and concrates for many years. Even though the section dcals
with asbestos-cement pipe, the potential for material substitution can

be discuszed in the context of other asbestos cement products as well,

‘o ®e, ComMent sheets,

Asgbestos is used in cemen? nipe as 3 reinforcement fiber imparg-
ing greater elasticity modulus and tens.ile strength to the cement mix,
R is able to withstand the autoclave (heat and pressure) process in the
mamufacture of the pipe and resists the alkali attack of portland cement.
Cther &beri currently considered for use in cement and concrete com-
posites include steel, glass, alumina, polypropylene, and cu‘rbon.
Other ii.beré such 28 nylon, polyethlene, rayon, rockwool, cotton,
acrylic, polyester, and other organic fibers have been considered in
the past, but have been ruled from serious consideration due to either
high cost, low effectiveness or inadequate resistance to the alkaline
cement environment in portland cement. Similar to asbestos, all of
these fibers have relatively hlgh tensile strength (> 50, 000 psi). How-
ever, the moduli of slasticity of the fibers vary from a low of 500, 000
pel for polypropylene tc a high of over 30 million psi for carbon, steel,
aed alumina (asbestos has a‘modu!ua alasticity of 12-20 mi’lion psi).
The low modulus (> 108 psi) fiber (polypropylens) provides improvement

ia impact strencth and ductility of the composito but has little effect on

5.10
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flexural and compressive strength, Fibers having a modulus 10 x 106

psi usually pro‘vldevimprovement in impact strength and ductility, as

well a3 in static and dynamic fQexural and compressive strength, (4)
o Qther than greater elasticity modulus and an incrcese in strength
of the cement composite, there exist other parameters for successful

-

reinforcement. These are:

R . Large fiber surface areas;
. Good adhesicis between cement mix and fiber surface
area;

. Optimum fiber quantity, i.c., as the quantity of fibers

; P : increase, the strength of the composite material rises;
R

3 , . Greater than critical fiber length (critical length is

3 reached when fibers tear rather than get extracted

from the matrix; and

N Aging and deterioration resistance of fibers within the
matrix, j.e., fibers must retain their strengih over
time from the alkaline attack from cement,

A comparison of these micro {ibers was tabulated in A/C CUnder-

ground (5), au international magazine for the asbestos cament industry,

and is presented as follows:

] o2 e -t e
L od @ s P -
. § F 23 3 £ 3
) Type of P & 25 4 T8 =y
fiber i o o @ - L2 <

- Steel + ¢ + ++ + (+)
H Asbestos ¢ 4 44 44 +¢ 4

. Carbon + ¢ ¢ - > +4

. Glass ¢ ¢ L - - -
" S Or anic
fibres - 'i‘ 4 - - (.'-,
s, 11
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As is evident, asbestos has demonstrated an excellent reinforeing
ability, which accounts for its widesprcad use in pipe and shect appli-
cations, Steel fibers have also dehonstratcd outstanding recinforce-
ment abilities. However, in thin sheet applications, thc cement cover
may be imsuflicicent to protsct the fibers against rust. Carbon fibers
have the strength and clasticity, and chemical resistance, yet there

apparently exist problems in proper binding withia the matrix. More

importantly however, is the fact that the carbon fibers are appréximately

40 times as expensive as asbestos and probably do not represent an
economically viable substitute 2t this time,

There has bees rmuch rescarch recently on glass reinforcement
of cement composites. Although the teansile strength of E-glass is
quite high, it i3 very susceptible to chemical attack from the strong
alkalis in portland cement. This phenemonon results in loss of
strength with time dependirg upon storage conditions, {(6) The Pilkington
Glase Group, a mamber of Fiberglass Limited {n England, developed

2 sirconiam (Zioz) based soda-lime systems which makees a glass signi-

ficantly more resistant to alkaline attack. This alkali-resistant glass,
tradename Cemfll, {s reported to suffer little, or no loss of strength
in cament composites with age.(4) In the United States. Owens-Corning
has been experimenting with alkali-resistant glass as a substitute for

asbestos in asbestos cemont pipes and shaets. (7) They have reported

@
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that at this timec, the prodAuct is expericncing dilficulty in the manu-
facturing process and lacks the strength of asbestos cement at tho end
of the process, To date, they do not have a commercially acceptable
product as a substitute for asbestos.

Ancther major research effort is presently being conducted at
Brookhaven National Laboratory and has led to the development of a
glass-polymer compoiite (CPC) sewer pipe,. (8) It reportedly may be
potentially competitive on a technicﬂ and economic basis with pipe now
used for non-prumra‘scwcr lines, particularly in the 8- to 24-inch
rzange. This composite {8 produced by mixing crushed waste glass
{fromm urban ’lolid waste comporents) with a monomer (either methyl
methacrylate or pelyester styrene) and polymérizing by chemical initi-
ating techniques. Theoretically, in a 1972 market study conducted for
Brookhaven by A.D. Little, Inc., it was reported that GPC bas techni-
cal advantages over cement, concrete, and asbestos-cement with its

superior acid and chemical resistance, its low pcrmeability' and smooth
tight joints.(9) The availability of an adequate supply of waste glass,
the principal raw materials for CPC was not well defined, but presum-
ibly & number of government and private programs were to be initi-
ated that would gsnerate this matsrial from municipal solid wastes.
Poossible applicatioas for GPC other than sewor pipe couid conceivably

be in block brick, well panels and deccrative products. As of this




writing, Brookliaven is under contract to the Energy Research and
Devclopment Administration to evaluate the properties of its glass-
polymer sewer pipe. Field testing of full scale sewer pipe scctions
has beea in progress since 1972, To date no deterioration has been
reported, (10)

Substitution for asbestos in cement pipe is still in the research
and development phases, Alkali-resistant glass may be the most
promising material introduced. However, as reported in the iitera-
ture amd through ?orrespondencg with industry representatives, its
performance and adequacy ia specific pressure and non-prcuur; éipe
applications lave not yet bees fully evaluat;d. .

5.1.4 Competitive Products and Market Structure

Asbestos-cement pipe competes with & variety of other pipcs in
the water and sever markets as evidenced by Table 5,2, The following
discussion examines these two markets separately with regard to the
acceptance of A/C pipe products.,

Water Pipe Market

Three factors account for the market acceptance of A/C pipe
for use ia water supply systems. Conventional iron pips® is corrosive

and will emit iron particles into the water system, affecting taste

¢Caet iron pipe; naw product iz called ductile iron pipe which
presaontiy bas 90% of the ¢otal iron pipe market,

8. 1¢
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and appcarance., Corrosion also wealkens iron pipe, leading to leaks
and eventually breaks., While iron pipe has a quitc long expected
service life, the non-corrosive property of A/C pipe makes it
attractive. Second, A/C pipe is produced with 2 smooth bore. This
provides u low coefficient of friction, thercby helping to keep down
pumping costs. Third, A/C pipe has traditionally had a lower per
foot selling 'price than iron pipe. In interviews with operators of
water supply systemse who are large purchasers of A/C pipe, CONSAD
found that the single most important determinant of product choice is
price, except for those limited situations where corre . .on is known
to be a sericus problem,

In spite of its lower ulltng'pricc per {wut, there are some appli-
cations for which A/C pipe is considered inferior to iron pipe. In
arcas where pipes will be subject to quite high pressure (i.e., 150-
200 pei) in order to maintain adequate pressure at the ocutlets ergineers
may opt for ductal iron steel pipe in spite of its cost disadvantage.

Until the appearance of A/C pipe, iron pipe dominated the water
pipe markel. Historically, A/C pipe found it difficuit to penetrate the
market in the large, older cities of the eastern United States. It has
had much greater market acceptance ia smaller cities and towns, and
in the Southwest and West Coast regions of the country. With the
grov’h of these areas, A/C pipe has cxperier;ced an expansion of sales

and increase in its share of the water pipe market.

5. 16
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Around 1961, thin wall PVC pipe was introduced into the water pipe
market, Like A/C pipe, PVC pipe is highly anti-corrosive. In addition,
PVC pipe has an cven lower coelfecient of flow friction than does A/C
or iron pipc, and it is light and flexible. In thin wall applications its
current price io less than A/C pipe. At present, thick wall PVC pipe
{i.e., 12" diameter) has American Water Works approval which is
generally rgquired for urban areas. It hag a price which is comparable
o that of iron pipe. Given its anti-corrosive property, weight, and
flow coefficient, PVC represents a formidable potential competitor to
both A/C and iroun pipe in watc: systems,

One of the principal competitive advantages A/C pipe has bad
over iron pipe is the corrosiveness of iron pipe. In recent yc;rs.
iroa pipe manufacturers have responded to this technical disadvantage
by offering pc lyethelene shcet covered pipe. Such covering adds appro-
ximately $1 per lineal foot to pipe costs.

With the introduction of PVC pipe and the development of polyethe-
lene linere for iron pipe, the ability of asbestos cement pipe to retain
a place in the pressurized water pipe market depends even more heavily
than before on its traditional price advantage. As shown in Table 5.2,

6' unlined iron pipe is aelling for $4.47/lineal foot, 6' thick wall PVC

*Thin-wall PVC pipe is presently not approved by the American
Water Works for urban aress.

$.17
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pipe {Jehns-Manville tradename, "Blue Brute") is selling for $3.94/

lineal foot and 6" A/C pipe sells for $2.49/lineal fc-~. CONSAD inter-

views with users of AIC pipe indicate that if the selling price of A/C
pipe were to rize ¢o the level of iron pipe or higher, it would loce a
pignificant share of its market and there would be a significant move-
ment toward PVC pipe. Additionally, if it were to rise above the cost of
of po!yeﬁxelfne coated iron pipe, there would be no significant use in
which it would remain the product of choice. It is anticipated A/C pipe's
share of the water market will be static in the future. PVC pipe's share

of the market will grow but primarily at the expense of ductal iron pipe.

——

Sewer Pipe

Non-prassure scewar pipe represents the second major market
for asbestos cement (A/C) pipe. According to ‘ohns-Manville estimates,
30-35% of all A/C pipe is sold in the sanitary sewer market, The impor-
tant performance characteristics for sewer pipes are acid resistance,
resistarce to infiliration and exfiltration, flow coefficient, and weight

per unit length, In the southern half of the United States, low flow rates

M to relatively flat land and high temperaturcs combine to stimulate
anserobic bacterial action that produce; acid. Because A/C pipe is
subject to acid corrasion, its principal market is in the northern half
ef the country. In thess markets where acid is not a problem, A/C

pipe competes with vitrified clay, coancrete and plastic pipe for use in

o T Y 8 Dt £ 3]




sanitary scwer systems. (Refcr to Table 2.2.) As compared with vit-
rified clay and concrete, A/C pipe has the advantage forming tighter
joints. In addition, it is available in longer lengths, thereby reducing

the mumber of joints and possibility of leaks and iafiltration.

in the past few years, techniques have been developed to produce

plastic sewer pipe in large diameters (8" to 15") where A/C pipe has

been most n?cccuful in competing with concrete and clay. TRUSS
pipe. a proprietary product of Armco Steel, encases a. light-weight
concrete between walls o] acrylonitrute~-bulactient-styrene (ABS). This
pipe is highly chemically resistant, rigid, smooth surfsced, available
in 12! to 40’ lengths arnd provides very tight uéall. Extrudcd PVC pipe
with similar properties is also becoming available in sizcs larger than
8" in diameter. Offering lower fiow resistance than A/C, PVC pipe
can be installed at a lass steep angle, reducing installation costs.
PVC pipe already dominates the small diameter (4" - 6'') sewer pipe
market, Therc have been some technical problems of blistering with
mass-produced PVC pipa. This has madc some enginecrs shy away
from using it. But, assuming the manufacturing problems can be over-
come, PVC is likely to claim a substantial share of the sewer pipe
market in the very mear future in which A/C pipe is positioned.

Civen ths technical advantage of plastic pipe for sewer appli-
cations, iong term contloued use of A/C pipe requires that it have

a lower selling price than PVC or TRUSS pipe.

$.19
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in 1977, 19 westera Pennsylvania, prices for 8' sewer pipe
were $1.50/lineal foot for A/C pipc, $1.65/lincal {cot for TRUSS pipe,
$1.65/lineal foot, $1.65/lineal foot for PVC pipe, and $1.50/lineal foot
for clay pipe. Clearly, unless A/C pipe price can be significantly
reduced relative to the plastic pipe prices, it w'll eventually be dis-
placed in the market place. It is anticip};ted that PVC and TRUSS pipe

will take over greater shares of the market for gravity sanitary sewers

at the expense of both A/C and clay pipe.
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5.2 Asbestos-Coment Sheets, Shingles and Sidings

$.2.31 Background Information

Asbestos-cement products represent the largest market for
the world's supply of asbestos. Sheet products have found a variety
of uses in the bullding field including roofing, siding, and bulkheads,
curtzin wall, cooling tower fill, industrial insulating board and decora-
tve trim, ‘!‘hay are a;railable in ﬂat‘ or corrugated :heeis. Tﬁc shingls
and giding products are uzually extured and painted, but they may also
be integrally colored. Sizes range from a2 small shingle, 12-inches x
24-inches to sheets 4 feot x 12 feet. Thickness of asbestos cement
sheet products ntmll& vary from 3/32-inches to 3/16-inches.

The addition of asbestos to cement products imparts flexural

properties much greater than those of unreinforced concrete. Because

asbestos iz inorganic and inert it contributes to the durability and fire
resistance of these products, Asbestos-cement products are virtually

unaffected by the atmospheric environment.

Asbestos-cement products can be cured in a short period of time
in an sutoclave or over several weeks in 2 moist atmosphere. For
autoclave curing silica is used in the formulation to react with the frce

lime formed. Product formulations range as follows:

S.28
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Autnclave Cure Normal Cnre

Asbestos  12.25%  12-25%
Cement 4£5-54% 75-88%

In 1974, the U.%, domestic consumption of - sbestos for asbestos-
coment sheet applicaticns was approximately 43, 000 tons, while A/C
shingles and siding consumed an estimated 9000 tons of asbestos annu-
ally, Thess tonnages represent about (7 of the total U. S, fiber con-
sumption. The primary sub-markets in which A/C sheet products
compete are: (1) roofing and walling for industrial buildings, (2) cooling
tower {ill sheets, (3} eorrégated bulkheads for canals, (4) laboratory
table tops, and (3) the electrical switching gear market.,

%.2.2 Technological Feasibility

Review of Processes

Wst-procassed asbestos cement sheet production closely paral-
lels manufacturing of A/C pipe. Asbestos fiber is combined with
cement, silica, and watsr and the sheet is formed, cured, and finished,
A ''dry' process is alsc used to make certain shingle-type products.

Wet Process

Fiber is introduced manuslly either directly or via conveyor to

8 dry mixer by bucket elsvator and/or screw conveyor, Silica sand

and cement are added at this point, and the solids are mixed until uni-

form. Such mixing opens the fibers and prepares the mix for wet mix-

ing.

8.22
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Wet mixing occurs in a second vessel, where water is added to
form a slurry. The slurry flows into vats from where it is depusited
on rotating cylinder moids, A thickened wet mat is formed continuously
and transf{crred from the mold to 8 moviang felt and then to an accumu-
lator roll. The sheet is then formed further in embossing rolls or by
large hydraulic presses. After initisl set and partial curing, it is
removed {rom the press for further curing -- in either heated air or
ltc&m-he&ﬁd autoclaves.

After curing, the asbestos cement cheet is sized and trimmed in
cut-off saws, To obiain specified sheet thickness, some sheet products
must be sanded to & uniform thickness.

Sheet formation operations sometimes include initial fabrication
such as dye cutting, pum:hing, or hole drilling.

Dry Process

Tha dry process, us;d for manufacture of some shingle-type
products, begins by opening fiber in a hammer mill or similar device
and dry mixing with cement and silica, The mixture is metercd onto
8 moving, wetted belt and then passed under compression rollers to
remove air, Water is sprayod on the material and compression con-
tinues under rolls, Surface granules can be added before {inal comprcs-

sion and embossing,
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Finishing begins with rough tripping and cutting to sizc after
additional air curing, Nail holes may bec punched, and the ghingles are
cut to exact size, Paint is applied by spraying after final curing takes
;ﬁaee.l

Control Metheds and Work Practices

As in the A/C pipe segment, paper-bag addition cannot be used
%0 eliminate bag slitting and dumpmg because of product contamination
with ceuulel;.

Well-applied local exhaust of enclosed mixing equipment and
finishing operations represents the most important engineering controls
for A/C sheet and related shingle manufacturing., Dry-mix conveying
and m#terhh-handling equipmen® can lose fiber to the work area uﬁeu '
kept thoroughly enclosed and @nder negative pressurs, Wet mortar
ftself is not & significant fiber source. Nevertheless, stringent housc-
keeping controls are crucial when handling wet-mixed mortar, for if
spillage dries without being removed, pedestrian and vehicular traffic
will cause substantial eatrainment of airborne fibers. No special con-
trols are used at the drying or curing steps other than good housekeep-
ing to minimize {iber release.

The degree and sdequacy of dust control equipment and work prac-

tices cover a2 wide range for cutting, trimming, and sanding finishing

operations, [ocal exhaust with hoods ar enclosures are generally used

to some extent for major pleces of finishing or fabricating equipment,
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Reported Expasurc Levels

Several plant visits, plus continuing correspoadence and phone

intervicws with industry representatives together with 2 review of

recently-published exposure levels (1,2, 3) show the time~weighted

aversge (TWA) asbestos exposures in asbestos cement sheet operations
to range widely from < 0.1 to 8.7 fibers/cc. However, even the lower
reported levels have generally been achieved with less-than-full-sczle,

optimum application of currently-available, proven coatrol measures .

snd worlk practices.

Currently-Achievable Exposurcs

Available, proven control measures and work practices which

could be used now to better advantage to agsurc low exposure levels

include the rigorous application of well-known methods, such as:

ie

2.

3.

4.

Regular performance checks and preventative
msintenance on local exhaust systems;

Irmimediate clean-up of spillage and floor accumula-
tion of asbestos-containing solids using ccatral
vacuum-cleaning systems;

Floor cleaning at least once per shift with a power-
vacuum unit -- preferably combined with wet floor
cleaning; and

Mechanicelly-supplied, contaminant-frec make-up
air (tenmipered relative to ambient conditions) in
sufficient volumetric flowrates to balancc the com-
bined local exhaust capacity in a given work area.
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These measurcs, together with the consiste;lt, exacting application of
control measurvs described above would, in the contractor's judgmant,
achieve exposure levels consistently below 0,4 fiber/cc on 2 time-
waighted average basis for asbestos cement sheet production.

Future Controls Under Development

Elimination of the dry-mixing operation, as in A/C pipe manu-
bcmré, is a‘promiling potential development. Considerable process
development work will be required, however, to establish the feasi~
bility of such 2 process modification,

Other likely developments include more automation of finishing
operations to eliminate or substantially reduce operator exposure at -
these typically high-ernission-level operations,

Projected Lowest-Achievable Exnosures

Table 5.3 shows the projected lowest-achievable exposurcs that
can be attained as a result of the exacting application of control methods
mentioned previously and the timely implementation of new technology
as it is developed., In Mry. the contractor believes that TWA
exposures in the asbestos écment sheet operation can be maintained
consistently below 0,2 fiber/cc within two years.

5.2.3 Potential for Material Substitution

As noted previocusily, asbestos is used primarily for its reinforce-

mont propertice in cement sheet applications; however, it also imparts
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Tablc 5.3: Reported and Projected Asbestos Fiber Concentrations
Asbcstos Cement Shcet

TWA Asbestns Fxnaanre Level
. ; (€ibere/ce)
Process-Related Hork Areas .
Reported Currently Pr°JfCt°d
Rarge Achicvable Lowest
~ Achievable
PRT, SRRy, YRPERINTTT
Piver Receiving & Storage 0,2 2.5 0.3 0.2
i Fibex Intrcduction 0.1 - 8.7 0.4 0.2
Dry NMix - Wet MNix 0.4 8.4 0.4 0.2
: Sheet Formation/Strippinmg <0.1 - 3.5 0.4 0.2
}
i Dry/Cure 0.2 2,5 0.4 0.2
C“tlrriﬁ <001 6.’ 0.'0 0.2
' Sand <°01 ‘.0 0.4 0.2
| Finishing & Fabricationm 6.1 - 3.6 0.4 0.2
2 . Quelity Comtrol Inspectfom | <0.1 0.7 0.2 0.1
.‘ -
'~
|
[
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heat and chemical resistance to boards where such properties are

- desired. The potential for substitution for asbcstos in cement composites

P was presented in Section 5.1 for asbestus cement pipe, but this dis- | !
cussion is also relevant for cement sheet applications. Fibers of stexl,
carbon, gisss, ceramics and organic, have been evaluated for these
applications, and in some instances, marketable products have been
devglopod. : ‘ '

The Ashal Glass Company of Japan has introduced 2 slate cement

board, tradename Suncrete, which utilizes alkali-resistant glass as the
- ' reinforcing agent.(11) The product is rcported to be incombustible,
water resistant, has good processibility and ha-l' high impact strength,
It still includes 5% asbestos fibers, but that is compared to 12-25%
asbestos content of conventional A/C sheets, Another asbestos-irec
non-combustibie building board ie presently being marketed by the
Cape Boards and Panels (Uxbridge, Englandj under the tradename
Supalux,(12) It iz reported to be a replacement for the firm's Asbestolux
board (containing asbestos) for all fire-resisting applications, such ﬁa
: casing for structural steel work, euspended ceilings, ceiling linings
and soifits, fire bricks and fire-resisting particians,

There has been 8 great interest in ceramic fibers recently for
various composite epplications, Ceramic fibers were developed pri-

marily for the .mal applications arnd in some cagses have been used as 2

$.28
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roinforcing maturial, As reported by John«-Manville, resecarcth on
ceramics as a reinforcement for cement resulted in a product with re-
duced plasticity, reduced strength even at partial substitution and was
difficult to process as compared to asbestos reinforcemcnt. However,
in thermal applications, it has becn reported that the ltrbng market
showling for ceramic fibers in the past few years has been a combiration
of increasing concern for energy conservation, the trend toward high
temperature r;:uumfacture and governmental regulation (i.e., OSHA
regulation for occupational exposure to asbestos). (13) In some instances,
ceramic ﬁberu have replaced asbestos in thermal applications; how-
ever, ceramics have been used primarily to raplace other conventional
bigh termperature material (i.e., firebrick in refractory applications
which operate at temperatures greater than the upper limits for
asbestos). The cost of ceramic fibers is on the order ten times the
cost of asbestos on a pound for pound basis, although on a product
utilizztion basis, the costs are reported to be reduced to a differential

ef two to three times,

The literature has also identified other materials that conceivably
could be used to replace asbestos in some of its traditional cement ap-
plications. In the USSR, slag pyroceramics is onc‘of the new building
materiale produced from metallurgical slag, Applications include

industrisl floors, decorative and protective facings, dividing walls

8.29
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and particians, and roof coverings. (14 It ix reported to be non-toxic

]
and more wear-rosistant, durable and chemical resictant than ceramic

R

. - oy
[]

produets and does not show water abscrption or warping like asbestos

P
. L4

cement. The Sovists also report on an experimental fiberboard made

c 1

from basalt material that {s lightweight, tempcrature resistant and

purportedly superior to asbestos slabs,.(15) In Czechoslovakia,

|

research was reported of a basalt type of mincral wool, "A-Fiber",
which has ber <‘eveloped as a substitute in asbestos cement, (16)

However, it wey determined that ti:e material could only be used to

replace up to approximately 209 of the asbestos without causing severe

. degradations in product strength, Finally, rcsearch in India has

’ &nedgeq that it is commezrcially feasible to produce cellulose pulp-cement
sheets comparabie in strength to asbestos~-cement shuets for use in

o bullding boards. {17) Other sources have provided information that

woed in cemant cheet material makes the end product more sawable

sed nailable, but ¢ is watay sensitive and would fail in outside environ-
mesnts., Feportedly, the product would have 2 limited interior usage.

Wollastinite and mica have also boen evaluated as 8 reinforcing

r

fibers and fillers for cement applications. According to Johns-Manville,

compared to asbestos cement, these materials result in reduced

strength even at partial substitution, Their singular advantage would

.

be {n cost reduction, through materials cost or processing costs.

‘_—.
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8, 2.4 Coinpstitive Products and Market Structure

The major market for both correcated and flat cement sheets is
in the construction industry as external and/or internal coverings for
warehouses and industrial buildings, especially where corrosive vapors
sre present. As stated previously, other major uses inciude cooling
tower fill sheets, canal liners, laboratory ubzé tops, and electrical
gwitch gear, _‘l‘able 5.4 indicates the size of these various sub-markcts
for A/C sheets, competitive products and estimates of market position,

The market for A/C shingles and siding products is highly
regionalized and generally Limited to New Jersey, Long Island, eastern
Pennsylvenia, New Orleans and San Antonio. A/C siding {s used
primarily because it is fireproof and its appearancc attractive. Industry
sources differ on the total size of the A/C shingle markect which is csti-
mated to range between 0,5 and 1.0 million square feet., This market
appears to de decunlng over the past few years as evidenced by the
1967 Censue reporting 1.9 million square fcet which declined to 1.3
' million in 1972, This trend is further borne cut by Johns-Manville's
decision to stop producing A/C shingles in 1975 and National Gypsum
recently closing two asbestos-cement siding plants.

The total size of the A/C siding market is less than 1 million
squares per year (one square = 100 square feet) with the total U. S,

siding market estimated &t 60-80 million squarss per year, Brick

5. 31
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has approximately 20% of this market followed by hardboard (Masonite),
aluminum, and othcr forest products, The residential siding market
encompasscs over half of the totsl siding market; however, competition
- from aluminum siding and more recently vinyl siding, has reportedly
forced A/C siding from this market. The major applications for A/C
siding is now limited to those areas when special fire protection is
required or o%ate-llka appearance is desired, | |

A eignificant factor which may affect the market for A/C sheet

products would be aggressive enforcement of the current 2 fiber/cc

asbestos exposure limit and forcing contractors to comply with the

other ancil’ary requirements of the standard, Little exposure is associ-

|

-

ated with the installation of A/C siding or shingles because factory

panelg are simply nailed up, bolted on, or screwed in, More exposure
is asgsociated with the installation of A/C sheet, which sometimes
requires secondary fabrication or cutting at the construction site. - This
is especially tzue for fiat or corrugated sheets used in roofing and
wailing for industrial buildings, as opposed to other sub-markets for
A/C sheet where almost all cutting and fabrication is done in the shop.
A situsiisu could develop where ordinary contractors who only rarely
use A/C flat and corrugated sheets, would stop using the product rather
thas engage in monitoring, medical surveillance, record kecning, etc,

However, based on conversations with users of A/C shects, a select

$.33
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group of contractors could begin to specialize in working with A/C
shcets and would be willing to work with A/C sheet and g'omply with the
‘standards., Current enforcement of the 2 {ibers/cc ﬁandard may
slightly reduce the total demand for A/C sheet, The market for A/C
fiat sheet architectnral panels may decline, however, this is a very

smali part of the total market for A/C sheets,
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5.3 Friction Materials

%.3.1 Background

Friction materials comprise a line of products that rely upon
their coefficient of friction with a mating surface to stop or transmit
motion. . In the case of brakelinings, the most common type of friction
material, the function of the lining is to convert the kinetic encrgy of a’
moving mau: into heat energy. Brake linings are produced in a variety
of forms such as segment linings for drum brakes, disc pads for disc
brakes and hrake blocks. They can be designcd to be riveted to a metal
backing or bonded with an adhesive.

Other types of friction materisl include industrial linings for
manufacturing ecuipment and appliances such as washing machines and
clutch facings of the molded and spiral wound type.

Asbestos in conjunction with the phenolic resin binder and other
additives (commonly called "'organic' friction materials) develop the
proper coefficient of friction to provide smooth, safe braking action.
Asbestos can withstand the high temperatures generated at the braking
interface and contributes to the needed dirnensicnal stability of the lin-
ing. The fibrous nature and high tensile strength of chrysotile asbestos
impart otrength to the friction element and allow it to withstand the

stressce over 8 wide termperature range. Acbestos also contributes

5.3%
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to the wear characteriztics of the lining so that it docs not score the
mating surfacc yet providcs long lifc, These samc characteristics are

important in clutch facings., The gcneral formuiation of asbestos {ric-

tion materials are:

Asbestos -- 50-80%
Binder -~ 16-45% -
Friction

Modifiers - 5%

In 1974, approximately 55, 000 tons of asbestos went into the
domestic consumption of friction matcrials which represented approx-i-
mately 6% of the total U.S, asbestos consumption. The major sub-
m;lrkets for‘ asbestos friction materials are identified as the automotive
eriginal equipment market, the automotive replacement market, and
the Wam market,

5.3.2 Technological Feasibility

Review of Process

Bags of agbestos fiber are typically weighed, opened manually,
sad placed in movable hoppers for in-plant transporation. The hoppers
are dumped into mixers, which blend the formulations in either a wet

or dry state, depending on product specification. If the type of mixers

used are not sufficient to refluff the asbestos, then a fluffing device

is also used,
The mix i{s fed through a compression molder {dry) or an extruder

{wet), depending on the required product. Formed strips are cut and

5. 36
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bent into various widths and lengths, A mold release compound ig

addced to prevent parts from sticking.

Dry-mixed formulations include a small amount of solvent and
are transferred to pressing molds where slabs are formed, sometimcs
after a preheating step. The slabs are then hot pressed, causing the
nsh to flow and bina the mixture vpon curing. Thesc slabs are next
sawed into np?ciﬁc parts And gent to & curing oven,

Following curing, the parts undergo 2 r».mber of finiching steps
needed to produce the final block, These mchinmg operations include
sawing, grinding, drilling, blanking, tapping, and boring.

Brake pads may be packaged and sold to a secondary manufacturer

"
)

OF Giay be applicd directlv to brake shoes by bonding or riveting.
The asbestos formulations sre wet processed where it is prac-

tical to meet product specifications. This reduces the potential for

asbeztcu fiber loss in the workplace. Enough solvent is added 5 ferm

2 ccherent mass which can be molded or extruded, After drying, the

preshaped part is cured,

Control Methods and Work Practices

Caentralized loczl exhaust systems are employcd with flexible
connections to evacuate dust from i{ndividual machine eperations, using
hoods and enclosures 20 advantage, Where raw fiber is handled, the

plant layout is generally arranged to segregate, if not isolate, this

S.37
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operation from vther production areas. Suriace dust cn the products
at intermediate and final stages is a major cause of worker expusure,
and many opcrations undergo a2 brushing operation to remove latent
dust, Manual inspection of parts should be déne on dowﬁ-dra[t 8ir-
exhausting tables to minimize exposure.

Floor cleaning gshould be conducted nearly continuously, &s most
plants operate three shifts per day and up to seven days per week at

. ,

peak periods., Vacuuming is the general housekeeping practice; how-

ever, brooms are a2l ‘o0 used where the spilled material is difficult to

vacuum,

Reported Exposure Levels

Continuing correspondence and phone interviews with industry
representatives, tcgether with a review of recently-published exposure
levels (1,2, 3) show the time-weighted average (TWA) asbestos
exposures in friction materials operations to range widely from 0,1 to
> 10 fibers/cc. Hcwever, even the lower reported levels have generally
been achieved with less-than-full-scale, optimum application of cur-
rantly available, proven control measures and work practices.

Currently Achievable Expoc:c=s

Awvailadble, proves control measures and work practices which
could be used now to batter advantage to assure low exposure levels

include the rigorous application of well-known methods, such as:

5.38
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Rcgular performance checks and preventative
maintenance on local exhaust systems;

® Immediate clean-<up of spillage and floor accumula-
tion of asbestos -countaining solids using central
vacuum-cleaaing gystems;

o Floor cleaning at least once per shit with a power-
vacuum unit -- preferably combined with wet floor
cleaning; and

. Mechanically-supplied, contaminant-free make-up
air (tempered relative to ambient conditions) in
sufficient volumetric flowrates to balance the com-
bined local exhaust capacity in a given work area,
These measures, together with the consistent, exacting application of

control measures described above would, in the contractor's judgment,

achieve exposure levels consistently below 0.5 fibers/cc on a time-

weighted average basis for friction materials operations,

= uture Controis Under Develoomeoent

Advancing tachnology for reducing exposure levels in the friction
materials operations includes automzated product-surface clcaning and
more machine-integrated local exhaust, especially the low-volume,

high-wvelocity type of application.

Projected Lowest Achievable Exposures

Tabls 5.5 shows the projected lcwest-achisvable exposures that
can be attained 25 8 result of the exacting applicztion of control methods
mentioned previously and the timely implementation of ncw technology

as it is developed, In summary, the coatractor Uclieves that TWA

|
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Table 5.5: Reported 2nd Projected Asbestos Fiber Concentrations
Friction Material

TWA Asbestos Exposure Level

(fibers/ce)

Process-Related Work Arcas T Corrently Pi;i;;ﬁ:d

‘ Levels Achievable fchievable
Fiber Receiving & Storage 0.2 - 2.5 0.3 0.2
Fiber Introduction 0.4 - 4.6 0.4 0.2
Mixiag 8.2 - 8.0 8.5 _ é.Z
Forming or Rolling 0.5 - 22 C.& ‘ 0.2
Curing 0,5 - 3.5 0.4 0.z
Finishing 0.6 - 7.% 0.4 0.2
Adjustment & Prianting 0.7 - 1.0 0.4 0.2
Inspection 0.1 - 15 0.5 0.2
Packaging 1.0 - 2.0 0.5 0.2
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exposurcs in the {riction materials scgyment can be maintained con-
sistently below 0,2 fiber/cc within two years,

$.3.3 DPotential for Material Sulstitution

There is presently underway an intense resezrch and develop-
ment effort to find acceptable substitutes for asbestos in ""organic'
friction materials, Due to the competitiveness of the business, specific
compositions and costs are considercd proprietary; therefore, only
general stat;mentu can be made at this “ime about these rescarch and
develop programs.

Craphite and carbon fibcrs have been attempted in friction
materials and both Goodrich and Goodyear have patents using graphite
in sircraft brakes, Additionally, in the USSR; graphite fiber has been
introduced into & cerment friction material for a braking gear for air-
craft.(18} There has also been regearch in using carbon and graphite
in disc brakes; however, problems were reportedly encountered in
processing. Furthcfmro. these materials are extremely expensive
and probably would not constitute an economically feasible substitute

~ for asbestos in the major passenger car brake systems. Raybestos-
Manhattan has been attempting several varieties of fibers and materials
as asbestos replacements in brake linings. Some of these include
fibrous glase, mineral wool, wollastinite, potaesium titan te fibers,

hoat resistant erganic mineral fibers, and natural organic fibers such

5. 41
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as cotton and sisal, With the exception of wollastinite and the natural
organics, the other fibers are all more expensive than ;;abcstcm. The
less expensive fibers apparently lack the hcat resistance and sufficicnt
fibcr strength to give good strength to the brake composite material,
Ancther problem is that many of the fibers (c.g.. glass, graphite,
and mineral wool) tend to break up in the milling process and would
require a mew coupling agent for use in {riction materials., Raybestos
has reported that, in general, new or modified processes would have to
be developed for manufacture of these asbestos-free friction materizls,

In the past, the National Aeronautical and Space Administration
(NASA) has investigated new friction materials and their applications
ocutside of the space program, Under NASJ'\'I Technology Utilization
Office, Stanford Research Institute developad an improved friction
material for light weight cars and tn;cks which utilized potassium
titavate fibers (Dupont tradename FYBEX) and other polymer modifica-
tions, Commercialization cﬁort; ceased when Dupont withdrew FYBEX
from the market dus to toxicological =ffects and other market considera-
tions.(19) (See Appendix C for information on FYBEX,)

In the area of woven clutch facings, some progress is being made
in atilizing fibrous glass as a substitute for asbestos, Johns-Manville
haz a patent for fiberglass clutch facings dated 1973, yet reportedly no

license bas bcen issued to date, Raybestos-Manhattan is currently
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# 5

undergoing pilot plant studies to cvaluate the performance of a fibere

glasg clutch facing they rccently developed; however, no futher infor-

The Bendix Corporation, one of the largest manufacturers of auto-
meotive friction materials, {s also undergoing an intense resecarch and
develop:nent effort to find a non-asbhestos organic brake drum lining.
in convern?!ons with research and deveiopment management, they
report ggardcd optimism for a recently developed material, Bendix
admits that the subject is still fluid, yet they seem encouraged by
the results, For proprietary reasons, no specific information was
obtained., In general, though, it was reported that the cost differential
between this new material and conventional ash2stos brakes was esti-
mated to be in the 10s of percent. Due to the variety of manufacturing
processes Bendix uses throughout this country, and the world, some
manufacturing piocesun would ;ave to be changed while other would
only have to be slightly modified. Bendix reports that supplies of the
raw material for the new brake composition are available, but the
exact economics have not yet been worked out. Another poi.nt brought
out in this conversation {s that Bendix has attempted to find a substitute
fiber that does not have similar physical characteristics of asbestos
(i.e., the fibers would not have the dimersional characteristics that

would lodge in the lung)., IR was further indicated that with a year, Bendix
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hopes to be able to demonstrate their ncw composition brake lining as
a commercially viable substitute to asbestos in drum bralces,

5.3,4 Other Friction Materials

There exist numerous types of friction materials, different in
composition as well as configurations, As discussed previously, these
materials generally consist of an asbestos-reinforced polymesr filled
with various property modifiers a:{d are ccaventionally called '"organic"
{riction mate’rﬁls. F&r heavy duty ippucations such as aircraft, and
occasionzlly race cars, and for certain trangmission clutch applica-
tiong, copper or iron matrix materials, reinforced with steel fiber and
rcinfotcod with various ceramic and metallic property modifiers are
used. Materials of this type are called cerment friction materials.
Zor application intermediate in duty between organics and cerments,
therc exist another clasg of friction materials, f.e., "semi-metallic"
which consist of stesl fiber reinforced polymer filled with iron and
other property modifiers, (20)

The cerment (sometimes called sintered metal) brake linings are
used primarily in hosvy.duty applications where high torque capacities
and longer life are required (s.g., aircraft brakes, as noted, earth
taoving equipment, army tanks and off-highwey wehicles. In many of
these applications cerment brakes apparently exceed agbestos bnkej

in overall performance, especially in the aircrafi brake market where

5. 44
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cerment brakes market sharce is continuing to grow, Their performance
in cold weather is adcquate and their noise is comparable with asbestos
brakes. However, the price of those brakes range has been estimated
to bctveen 3 and 5 times that for asbestos brakes, and probably for
that reason, their share of the on-road, truck market is very small,
estimated at approximately 5% in conversations with Abex Corporation.

The semimetallic, or sometimes called resin-bonded metallic brake
linings are presently being used in heavy duty automotive applications
(e.g.. police cars and taxi disk brakes and alsc in semi-tractor-
trailer truck brakes). They are reported to be superior to asbestos
brakes in performance; however, there arc certein asnccts of the
brake that detract from their use in the passenger car market., The
semimetalics have a tendency to perform erratically in different
temperatures, they fade and 2re noisier than consventionzl asbestos
brakes. Furthermore, they arc currently $0-60% more expensive than
conventional asbestos brakes. Abex Corﬁoratian, who manufactures
resin-bonded metallic brakes hes estimated tkat under increased produc-
tion, the cost of thase brakes could drop to within 25% of present
asbestos brakes.

Ceneral Motors has reported using a hybrid disc brake in the mass
production of Camaros, Firebirds, and Chevelles. These are disc brakes

which consist of one semimetallic and one organic asbestos lining.

3. 4%
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The asbestos lining docs not actually tvuch the ruter surface, bus acts
more to insulate the brake {luid froin the heat generated Jy the friction
surface. In effect, utilizing these hybrid brakcs reduces the asbestos
coatent of the friction material, They were initially developed to mect
higher performance standz7d for newer model cars. Compared to
asbestos disc brakes, they have a higher coefficient of friction, higher
heat renlstaflco and will wear longer, yet they are mcre noisy and
gnore expensive. Precise iﬂomati§n on cost were not available for
proprietary reasons-

Somoe industry sources fee! that these metallic brakes will gradu-
ally take over the market due to its superior performance characteristics.,
However, other sources telieve there may be a trend away {rom
using metallic brakes because of the future emphasis oo lower maxi-
mum speed limdits and lighter inight cars for fuel economy. Both of
these factors may indicaie legs of a need for brake performznce. Ncne-
theless, it is not within the scope or competence of this report to be
able to predict the needs of the braking systems of future car mzrkets.

En most of the major friction material markets, the organic
asbestos material predominstes. On a cost-performance lasis, its
thermal resistance, mechanical and ability to bind the other materials
in the composite has made agbestos friction materials the preferred

choice for most of thess applications.,

3.46
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Sales of asbestos friction materials totaled $300 million in 1974,

 The precise breakdown of sales and production for each submarket (

(s.g., original equipment automotive, replacement, industrial markets)
is not presented due to imprecise information and the complexity of the

market structure., However, at present, the non-asbestos friction

‘materials, e.g., cerment and semi-metallics, appear to have only an

insignificant gshare of these markets., Therefore, on a competitive

product basis for friction materials asbestos has no pee.
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5.4 Vinyl-Asbcstos Floor Tile

S.4.1 Background
Viny!l asbestos floor tiles are manufactured from filled polyvinyl

chloride polymerss or copolymers and produced in squares usually 9-
inches x 9-inches or 12-inches x 12-inches with thicinesses varying

from 1/32 to 3/32-inches. They have found widzs use because of their

ease of installation and maintenance, durability 2nd rot resistance.

They can be embossed with & variety of colors and patterns or mottied

with splaghes of different colors. Tiles are fastened down with asphalt

based adhesives or & self-sticking adhesive which is put on at the manu-

facturing facility and covered with a release paper.

In the manufacture of flcor tile, asbestos gives a cohesiveness
or hot strength to the material that allows it to be processed to the

final product. Asbestos imparts indentation resistance, dimensioral

stability and abrasion resistance to the product in use. Various formu-

lations are:

Asbestos - 5-20%
Binder - 15-20%
Limestone - 52-73%
Plasticizer - 5%
Stabilizer - 2%

Asbestos consumption in vinyl asbestos {(V/A) floor tile segment

war approximately 110, 000 tons in 1974 which comprised about 13% of

the total U.S, domestic fiber consumption, Next to asbestos paper and
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cement pipe, floor tile ranks third in overall consumption, V/A floor
tilc competes in the resiliant flooring market which alse includes
asphalt tiles, all vinyl tilcs, and sheet flooring.

S.4.2 Technological Feasibility

Review of Process
Modern {loor-tile manufacturing uses shearing mixers into which
opened paper bags or unopened polyethylene bags of asbestos are

manually dunped, along with other dry ingredienis such as plasticizers,

! resins, stabilizers, and pigments,
R The mixcr works the batch mix into an agglomerated, homogenized
t' plastic mass at a temperature of about 300°F. The hot mix, with the

asbestos funy bound in the warm plastic, is dumped onto 8 conveyoer

and passes to & Z-rol’ .ill,

The mass undergoes {inal mixing and is formed into a continuous

L slab during milling, Ths slab, with an initial thickness of one to two

inches, is fed through successive calendar rolls to achieve the desired
final-product thickness,

The sheet remains warm and pliable as it is conveyed through
embossing, which adds design features and texturing to the surface,
After partial cooling and waxing, the sheet is cut into squares by a

cutting press, and the tiles are separated from the excess scrap,

£ inspected, and packaged, The scrap and rejocted tile are reworked

and returned to the mixcr for recovery.
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Control Methnds and Work Practices

Floor-tilc manufacturcrs use & high degrec of local exhaust as
dust control technology along with routinc floor clecaning to minimize
worker cxposurc to asbestos, Because the an and forming steps
do not cause asbestoe fiber loss, the fiber introduction step (for opened '
bags) and background levels represent the prima concern for controlling
exposures to;lov levels,

Nsvertheless, the materials handling equipment, including mixers,
are kept under negative pressure with exhaust air directed to a dust-
removal system,

Scrap material is conveyed to 2n izciated or enciosed area where
automated choppers process scrap into chips. Worker exposurs in
scrap recovery is minimal, although this operations ia uluﬁlly ixhsustcd
locally,

Reported Exposure Levels

Several plant visits plus continuing correspondence and phone
interviews with industry r;prcuenuﬁnl. together with a review of
recently-published exposure levels (1,2, 3) show the time-weighted
sverage {TWA) asbestos exposures in floor tile operations to range
widely from < 0.1 to 4.3 fibers/cc. In Clayton's judgment, however,
evea the lower reported levels have generally been achieved with less-
than-full-scale, optimum application of currently-available, proven

coatrol measures and work practices,
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Currcntly Achievable Evposures

Available, proven contrel mecasurcs and work practices which
could be used now to bettcr advantage to assure low exposure levels
include the rigorous application of well-known methods, such as:

. Regular performance checks and preventative
maintenance on loczl exhaust systems;

. Inmediate clean-up of spillage and floor accumula-
tion of asbestos-containing solids using central
vécuum-cleaning systems;

. Floor cleaning at least once per shift with 38 power-
vacuum unit -- preferably combined with wet floor
cleaning; and : '

o Mechanicelly-supplied, contaminant-free make-up
air (tempered relative to ambient conditions) in
sufficient volumetric flowrates to balance the combincd
local exhaust capacity in & given work area.

These measures, together with the consistent, cxacting application
of control measures described above would, in the contractor's judg-
ment, schieve axposure lavels consistently below 0. 4 fiber/cc ona
time~-weighted average basis for floor tile operations.

ZFuture Control Under Developnment

No marked technological advances are expected in the floor tile
segmant for reducing exposures other than timely application of semi-
sutomated bag opening and/or conversion to high-density fiber,
together with increasing levels of automation in mixing and forming --

with resultant decrements in worker proximity and exposure.

8,51
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Projected §.owest Achicvable Evnnsures

Table 5,6 shows the projected lowcst-achievable exposures that
Clayton believes can be attained as a result of the expcting application
of control methods mentioned previously and the timely implementation
of new technology as it is developed. iIn summary, the contractor
believes that TWA exposures in the floor iile segment can be maintained
congistently below 0,2 fiber/cc within two years,

S.4.3 .Potential for Material Substitution

Presently, there iz an intense R&D eff§r: in industry to {ind suit-
able substitutes for asbestos in floor tile., Armstrong Cork is reported
to offer a non-asbestos floor tile using more limestone than conventional
V/A tile. In conversations with Johns-Manville, compared to the
acbcstoi tile, it is not nearly as flexibic and hae a tendency to be
friable, Switching to thiz type of tile would require & heavy capital

investment to change the manufacturing process and has been estimated

at approximately $100, 000 per line. Johns-Manville has reported work
with fibrous glass and ball clay in floor tile, They rcport that the
brittleness of glass caused severe degradations in the normal manu-
facturing process. It was comcluded that ball clay could be used as a
partial substitute; however, complets substitution was judged to be

questionable from a product property standpoint,
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Table 5.6: Roported and Projectcd Asbestos FiLer Concentrations

Floor Tile
!
Co
. TwA Asbcstos Exposure Level
[ _ (fibers/cc)
e Process-Related Work Areas PToicctec
Reported Curreantly 4 N
Levels Achievable Lowest
Achievable
sty st —
Piber Receiving & Storage <0.1 - 2.5 0.3 0.2
i Piver Iatroductien <G.1 - 4.3 0.4 0.2
Blending <0.1 - 4.3 0.3 0.2
“ﬂhry ﬂl!‘t 008 - ‘.3 003 0.2
Milling | - 0.3 6.2
Caleandering - 0.3 6.2
Embossing - 0.3 0.2
cuttiﬂ' - 0.3 0.2
Inspection - 0.3 0.2
Packizng - 0.3 0.2
gcrap & Rework - 0.3 0.2
- g.s’
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Union Carbide has reported the development of a non-asbestos

floor tile, By adjusting *he resin formula to include 2 new petrochermical
" material, the reinforciag characteristics of asbestos are presumably
not needed. Presently, the performance ¢ the new floor tilc is being
evaluated, and its price is aledged to be competitive to vinyl asbestos
floor tile, It was reporicd, howsver, that't.he availability of the sub-

stitute petrochemical resin (which is proprietary and not divulged;j is

-

not sufficient at this time, if an instant switch to this product were to

{
. : oeccur, Union Carbide reports that if a demand were generated for the

,' material, adequate supplies could be probably made available on a

Iarge-scale basis, , k

e A great deal of interest has been gencratec oy the deveiopment

. of a natural cellulose fibser, Monsanto Corp., tradename SANTOWEDB,
" which Monsante claiias will prove to be an acceptable substitute for

asbestos to reiniorce ficor tile. I purportediy can be used in existing

mamufacturing procesres and is capable of withstanding 300°F during

.
P
1Y .

calendering operations. Presently, the cost of SANTOWEB is $.60/1b

, {" ve $.06/1b for asbastos, IHowaver, due to its better color clarity and

{- brightness (cream color vs grey asbestos tile), the need for pigments
- 18 reduced 75% as compared to asbastos {loor tilc, Additionslly,

= Monsanto claims that 1 pound of SANTOWER will replace 5 pounds of

asbestos by using other fillers in tho process. Therefore, the end

- -
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price of the tile itsclf may be comparable to that of V/A tile, Moasanto

is currently working with five floor tile comnpanics and by the cnd of

this year, it is believed that final plant trials will have been complcted. @

Because the product has not been commercially produced at this time,
no objective evaluation of its performance characteristics was possible,
$5.4.4 Floofia; Market Structure

Resilient flooring products come in two forms, tile and sheet,
Asbestos is x;uxed with vinyl material to produce a vinyl asbestos tile
which is loss expensive than an all-vinyl tilc, yet retains superior
characteristics of attractiveness, durability, and directional stability,
The cost reduction and performance characteristics of vinyl asbestos
tile has made this type of tile the dominant choice in the resilient tile
market,

In 1958 sheet vinyl was introduced into the resilient flooring
maxfkot in competition with linoleum and by 1974, it has virtually dis-
placed liroleum, Viayl sheets are customarily installed with a cushioned
underlayment with an estimated 81% of all permanent sheet vinyls being
cushioned, Asbestos paper is combined with latex to provide an uader-
layment for such installation, but underlayment composed of organic
materials ia also available, However, asbestos latex ie generally
the preferred choice duc to its rot resistance, dimensional stability

and cushioned affect,
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Resilient flonr covering is subject to product competition from
carpeting and hardwood flooring in many applications. Such competition
is conditioned not only by price but also by purchascr prefcrences,
Over the past 15 years there have been dramatic shifts in the shares
of the flooring market held by carpcting, resilient flooring and hard-
wood, with carpeting significantly increasing its share.

Sevcral{factorl seem to have accounted for the growth in carpet-
ing's share of the flooring market., Over the decade of the sixtics
prices fell relative to other type of flooring, New home builders began
to sell homas with installed carpeting, allowing new home purchasers
to finance carpet furchages as part of their mortgage financing. New
fibers pfovided more attractive lower priced carpeting. Carpeting
made gsome penetration into the non-residential market, Finally, ris-
ing real estate incomes per capita may have led to some product sub-
stitution,

The basic reason for developing asbeste= vinyl tile was to sub-
stitute a lm;r cost material for vinyl, Currently, solid vinyl tiles
coets 3 ¢o 10 times as much 238 asbestos vinyl tile., Clearly, there will

be significant attempts to find gubstitute fiber rather than go back to a

- solid vinyl floor tile. The feasibility and cost of such substitute fibers
L arc discusscd in the previous Cection 5.4, 3,
’, .
£
—
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Vinyl-asbestos floor tilc and shect flooring arc the predominant
products in thc resiliant floor market, In 1975, V/A tilc had 38% of
i the rcsiliant market while 53% was captured by vinyl shect. The
| ramainder consisted of asphalts and all-vinyl tile, eushioned and non-
- cushioned sheet vinyls. For the entire resiliant flooring market, 1975
r end-use applications are listed as follows, by percentage:
New Relldenfial Construction -- 18%
Residentizl Replacement «- 42%

New Commercial Constructivn == 19%
Comunercial Replacemciit =« 217

e 9 9 9

The ''dc-it-yoursclf'* market continued to play as important role in the
sales of vinyl asbestos and vinyl tile products, (21)

The Precicasts Rasearch Group out of Cleveland, Chio has esti-

mated that the growth of resiiiant flocring in new and replacement

markets will remain static through 1985 with most of the increase in
1 demand being fulfilled by carpeting. (22) However, CONSAD dces not
have sufficient information to determine the lpcciﬁc‘ demand for vinyl-
asbestow floor tile 2s it relates to‘eithcz- the resiliant, or thc total

flooring market,

ey
.

(==
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5.5 Reinforced Plastics

- 5,51 Background
The largost usce of asbestos in the plastics industry are for vinyl

asbestos fivor tile and phenolic molding compounds. It is also used to

2 rauch lesser sxtent in other plastics as polypropylene, polyester,

nylon, melamine, epoxy, silicone and vinyl. Tbe most important func-

T tion of asbestos in plastics are reinforccment, dimensional stability,
heat resistance, flow control and general-purpose filling, As noted in
the previous section, vinyl asbestos floor tile comprises one of the

- " majer px-ima‘ry industry segments of the ubugo: industry and is covered

under its own ucdoh. S.4. While asbestos is used in many plastic

l‘ nppliaﬁom. the following discussion will focus only on phenolic mold-

ing compounds which predominate as the major user of asbestos in

reinforced plastic applications,

The major market for phenslic molding compounds are automotive,
household applicances, and ¢<lectronics, Other market- include wiring
devices, communications, and closures, The major competitors
pbenolics have in these m#rknts are other plastics, such as polypro-
pylene, nylons, polyestsr, alkyds lnd polycarbonates, Howsver, it
also competes with die cast metals, f.e., aluminum in certain light
ycight automotive applications, The specific breakdown of shares for

phenolice and its competitors for these various markots is not prescnted

$.58
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due to lack of sufficient information, Nonctheless, demand for phenolics
prescntly is growing, In 1976, industry sourccs cstimatcd that produc-

- tiom of phenolic molding compounde was approximately 350 million lbs,

.{ 300 million pounds, (23) The averzge selling price for phenolics has

| been estimated to be ;pproximatcly $.50/1b; therefore, the total sales
of phenolic molding compounds in 1976 was approximately $175 million
dollars, ‘I’hc portion o.f total plxeno&s that were reinforced with
asbestos for heat and strength properties is not precisely known, Yet
. | industry sources have estimated the asbestos reinforced contribution

l at approximately 25%, or about 85 million lbs with total nalek- in the

neighborhood of $40-45 million doliars,. (24)

Therc is presently a well-defined trend to replace asbestos in

b phenolic molding compounds, documented both by the literaturc and in
l. numerous coaversations with manutacturcx"l of reinforced phenolics,

This movement was initiated in 1972 when General Electric started
replacing asbestos in their phenolic products with a new talc-based
filler which they called E-Grade. {(25) Recently, the Durez Plastics

Division of Hooker Chemical Company, who reportedly have 40% of the

—

total reinforcad phenolic market, has developed a non-asbestos rein-

forced product, They report that by July, 1977, their entire linc of

o

phenolic molding products (e.g., sutomotive, appliances, wiring, com-

b amnications, electronics and electrical switch gear) will be reinforced

$.89
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with this ncw, noa-ashestos material, A crude approuximation ol the
progrcss of this replacement effort wae clicited from various industry
sources, A roush consensus developed in that after July 1977 between
50 to 70% of phenolic applications which formally used asbestos as a
reinforcement will have switched to non-asbestos sﬁbstimtcs. For this
reason, CONSAD judged that the reinforced plastics segment of the
primary asbestos industrics in most cases, would opt to substitute for
asbestos as éppoled ho'expending further capital sums for enginecring
controls to attain these lower exposure limits, However, thcre
apparently are some specialty products where no {easible asbestos
substitute has been found., The Rogers Corporation has reported that
the phenolic molding material uged in commutators and rotors in the
electrical and automotive applications currently are reinforced with
asbestos., These pro&ucu function in a very dynamic environment
wherc temperatures of 350°F and 30.000 RPM are prevelent. Asbcstos
prwidga the heat ieliatance, dimensional stability and meldability
necessary for these applications and in their expcrience, no substitute
for asbestos fiber exists for their applications. Neverthelcss, the
overall trend to replace asbestos in plhenolics is evident, More than
likely the conversion process will be slow, and in sume cascs costly
as ncw processing tachniques are implemented. It may very well be
that asbestos will remsin a ?clalorccmcnt material {n specialty applica-

tions if exposurcs can be controlled to within acceptable limits,
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However, in vima} of the gcncmi aubs&itutiu'a teond the technologicsnl
fcasibility of controlling asbestos exposures to 0, 1 fiber/cc was not
undertsken, The following discussion focuses on these substitution
efforts in more detail,

$.%.2 Substitutss for Asbestoes

The material most often identified 28 replacements for asbestos
in phenolic molding comp§und: are talc, clay, and fibrous glass dcpend-
irg upon the desired end-product propertics.

Tale -

Geneszl Electric’s asbestos-free Cenal phenolics utilize talc as
the major zeinforcement materiale in conjunction with aluminum,
silicates and cellulose fibers.(26) CE claims that this new material has
the same basic properties -- includﬁxg impact strength, dimensional
stability and heat resistance -- as their previous asbestos filled pro-
ducts. {27) Rs predominate use is for heat resistant phenolic molding
compounde in the medium temperature applications with its limit deter-
mined at 450°F. GE does report that some minor product strength is
sacrificed by using this new material, and that more breakage can be

‘anticipated as éompsr;d to asbestos filled pl»wnduérnw; however, GE
suggests that manufacturers can compensate by building thickcr-walled
products. There is uo significant difference in the price between |

asbestos-filled and the Cenal product and GE reports that the same

processing equipment can accommodato ths new material.
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Clay

Although the composition of the non-asbestos phenolic compounds
developed by Hooker-Durez is proprictary, it is believed tobe of a
clay base. It too is reported to maintain an acceptablc balance between
heat resistance and impact strength that the asbestos;tillcd phenolics
provided, The pricé of the substitute material is indicated to be com-
parabic to asbesivs used in these applications (i.e., $.10/1b)., Addi-

tionslly, supplies are reported to be readily available. Hocker-Durez

. maintaing that the laboratory development of the substitute took approxi-

mately 2 years, while cuctomer acceptance was achieved in a 1} year

period, Furthermore, no change in the production process is mandated

by using the new material,

Fibroug Glase

Fibrous glass is the principal reinforcing material in plastics
and {s an integral part of most new engineering plastics. In higher
temperature reinforced phenolics, glass has bsen suggcested as a possi-
ble replacement for asbustos. Class fibers are on the order 5 times

more expensive than asbestos ($. 501> vs $.10/1b) and glass filled

- phenclics are reportedly harder to manufacture due to the brittlcness

of the glass than asbestos filled, The Rogers Corporation reports that
glass fibers wiil in many applications provide the bulk and strength

neaded, Lut because of their britticnoss, are unguitable for molding
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applications which their customurs use, Another prime consideration
in molding of any product is the resin's ability to flow in the mold
cavity. In very cimple molds, glass fibers arc acceptable; however,
in complex molds or fine detail requirements, they tend to scgregate
from the resin binder and fracture,

Finally, the abrasiveness of glase apparently affects the "ol
wear', or durability of processing equipment, It has been reported
that to usc glase instead of asbestos i:i certain reinforced phenolics
would n;ceuitzte a change in processing equipment. The extent to
vrhi;h glass is replacing asbestos in ccrtain phenolics molding com-

pounds is not known at this time,

Other Possible Substitutes

Jisn Walter Resources Inc, has recently developed 2 processed
minersal fiber made from blast furnace slag and liﬁcates. It is reported
to be able to reinforce a variety of plastic materials including phenolics,
sylons, mly‘.mm@né. epoxys, and polyolifins., Its safoty caicgor;r, s
coverad by pertinent OSHA regulations, is that of an "inert mineral
dugt. " On a comparative price bagis, the matcrial is approximately
twice as expensive as asbestos {fiber ($.15/1b vs $.06/1b), The
material {s too now to determine what penetration in is having in rein-
forcement plastic market; howevar, Jim Walter reports a growing list

of customers in this market, (28,29)
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Although much too expensive to be considered ar cconomic
rcplacement for asbestos, graphite fibers are presently being utilized
az 8 reinforcement in moldcd phenolics, polyamides, expuxies and poly-
astus, (30) Like asbestos, they can be uléd to provide phenolics with
resistance to acids, alkalis and solvents suitable up to 150°C.(31)

In 1971 potassium titanate fibers introduced by Dupont, trade-
mame FYBEX, were reported to be a suitable replacemert for asbestos
in many appl;cationl. but were primarily considered to be used as a
plastic tcinforccmont. However, in 1974 Dupont withdrew FYBEX
from the market dus to unfavorable hiealth hazard potential and slow

market growth, (See Appendix C for a further discussion of FYBEX. )
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$.5 Papcr Products

5.. 6.1 Dackground

The asbestos industry classiiies asbestos paper products into
eeveral product groups. These product classes are diffcrentiated pri-
marily by the raw material content of the product and its end-use. In
general, the asbectos fibers impact to these products rot resistance,
dimensional stability, ard resistance to flame, hcat and corrosion,
Table 5.7 prescnts the breakdown of the U.S. paper market, its csti- |
mated production by product class, For the entire segment, approxi-
enately 330, 006 tons of asbegtog fibers were consumed in 1974, which
zepresents 38% of total U.S, fiber consurapticn, Therefore, asbestos
paner pmégggs rank as the leader in overall U, S. domestic consump-
tion of asbestos, The following subsections present background infor-
mation for each of these product categories. 3JMany of these product
descriptions were taken from a study sponsored by the Government of

Quebec on the characterization of the U.S, asbestos paper markets.(32)

Flooring Felts

Asbestos-latex paper for sheet-goods flooring is a felted sheet
coemposed principally of asbestos with modcrate emounts of & latex
binder. Important properties are surface and caliper uniforemity, tensile

strength, and resistance to water absorptioa,
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Table 5.7: U.S. Asbestos Paper Market
Estimatcd Production by Product Class, 1975

Production Percent
Product Class Tons Share
Flooring Felts 125,000 39
Rpoting Felts 120, 000 37
Gasket Papers ‘ 30, 000 9
Pipe Line Wrap | 26, 0C0 ]
Commercial Paper and Millboard 11,000 3
Specialty Saturating Paper 5,000 2
Corrugated Paper 3,500 1
Muffler !"sper 3,600 l
Specizity Papers Minor

323,500

Source: Arthur D, Little of Canada, Lid,
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The paper is converted to & finished (looring product in a variety
of operations which may include rotogravure printing or embossing of a
pattern in the polyviny chloride coating that serves ag the wearing sur-
face of the sheet, The finished sheet is available in many patterns and
is sasy to install above ox; below grade.

Asbestos, the major constituent of this paper, is used to provide
rot resistance, dimcn;ional .nbniq}. and resilicnce in combination
with the latex, A general torm@htion would be:

. 85% Asbestos

. 15% Latex
The latex in most cases would be a styrene-butadiene type.

Roofing Felts

Roofing papar is a felted sheet material usually manufactured ia
weight of 9§ to 15 1bs/100 sq. ft. The material is composed principally

of asbestos with varying amounts of cellulosc fiber and starch bindez.

Other materials, such as wet and dry stroagth polymers, fiber glass, |
mineral wool, and inorganic fillers are often used. The basic shecet is

saturated znd/or coated with asphalt and used in the construction of

I built-up roofs.
, The asbestos in the felt resists wicking of moisture into the roof-
L ing system, resists decomposition of the roof system with age, and
. asoists the felt in re:naining dimensionally stable under changing
B &tmo.ﬁhctic conditions,
g .
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Widc variations exist in the formulations for roofing felt, A
goeneral formulation would be:

° 85-87% Asbestos

- 8-12% Ccllulose

- 3-5% Starch Binder
As mentioned inorganic fibers and :fillors and assorted polymero. may
be sdded in small amounts to modify various properties of the sheet,

Gasket. Paper

Casketing paper or "beater add" paper should be disiingui:hed
trom’miued or compressed asbestos gaskets, which are not a paper
product. Asbestos gazket papers are composed of 60-80% asbestos |
and 20-40% polymer, The product, in roll form, is die-cut to form
goskets, These gaskets are sold primarily to the automotive industry
and have a variety of applications, such as head gaskcts and carburetor
gaskets, Asbestos paper gaskets are often used in combination with
metal gaskets; in this application they serve as a cushioning material,
However, much of the discuszsion on gaskets is contained in Secticn
5. 8 under the packings and gaskets segment of the primary asbestos
industry.

Pipe Line Wrap

Pine line wrap i & rolled asbestos paper product, reinforced

with paraliel glass strands, and saturated with asphalt or coal tar,
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The product is uscd as a wrapping {or undcerground and submarine pipe

lines for corrousion protection,

Commercial Asbestos Paver and
Millboard Products

Commercial asbestos paper and raillboard products - encompass
a broad range of papers which vary primarily in weight and thickness.
The product is composed of 95-987: a -hestos fiber and 2-5% starch
filler, For millboard, the filler can also be cement or other inorganics.
The products are scld in rolls (rollboard), sheets, and tapes. The
principai end-use of all these products is to provide ingulation of mini-
mum thickness against fire, heat and corrosion, Papers are used in
electrical insulation, ovens, gas ranges, safes, welding mats and other

similar applications., Millboard hag an important use as a conveyor

material in glass and sieel factories.

Specialty Saturating Papers

Specislty saturating papers -~ are a paper product that is saturated
withi thermosetting resin. The paper is wrapped or rolled and thea
cured to form & hard, heat-resistant substance, It is used principally
in high-pressure decorative laminates and in cooling towers.

Corrupated Paper

Cérrugatcd paper is 5 commercial paper product that is corru-
gated and cemented to a flat paper backing, It is sometimes laminated
with eluminum {oil, Because of its lightners and floxibllity, the pro-

duct {2 used to insulate curved surfaces,
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Mulfler paper is 2 walfled or indented asbestos paper product
which is used in exhaust emission control systems in automobilcs.
The product is used primarily as a wrap between the inner and outer
skins of 8 muffler, Another, lces common use is as 3 heat shicld
between a muffler and the body of the automobils.

Specialty paper products are made to order for nuincrous

specific applications, Some of these products are flame b;rrier papers

fused in &ir:i?aft and !hip’l), filter papers (used in pharmaceuticals,

beer and wine), electrolytic diaphragms, and high tempecaturc trans-

former papers, | |
8.6.2 Technological Feasibility

Review of Process

Production of asbeatos paper products bezins with introduction of
dry asbestos ﬁbgr into the process. Individual bags are opzned
{manazlly or semi-automatically), and the contents dumped either to
8 holding hopper and convéyed to the stock preparation area, or dircctly
into the stock-preparation vessel without intermediate storage, ''Pulp-
able' Kraft paper bags containing raw asbestos fibers can be added
unopened to the hydropulper or beater without the manual bag-opening
and hngodupoial steps.

ia the stock preparation step, ubrmau-n, paper stock, binder,

and other additives are wet mixed to specified concentrations and
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consistencies using hydropulpers or beaters, The stock is then pumped
into a holding vat and subsequently to the papermaking machine,
Asbestos-paper machines for commercial paper and roofing felt include
the multi-cylinder and Fourdrinier types which closely resemblcs
machines used in non-asbestos papermaking.

Rotating cylinder molds form the wct plys which are then lami-
nated and press-rolled ioc remove excess water, Wet paper is routed
through & d.r;rer on eteam;heated drumé to artain desired meisture
cqnﬁent. After drying, it passes coatinuously to 8 cutting/a’litting area
to be cut into rolls. 'l'he paper product can be packaged directly or
rewound, After rewinding on spools, the final product is packaged and
wrapped for bull: shipment,

Control Methods and Work Practices

Stock preparation includes fiber introduction -- dumping or whole-
bag addition -~ to 8 beater or hydropulper. Such equipment is kept
under negative pressure by its inclusion in an exhaust system connected
with a larger dust-collection syster... When asbestos-containing pulp-
able bags (Kraf: paper) are introduced directly into the stock prepara-
tion, this eliminates exposure from bag-opening and bag-disposal,

Housekeeping in the stock preparation area represents a crucial
control component for MzMg operator exposure to asbestos. Use
of central vacuume-cleaning systems and mechanicul floor sweeper-

vacuum units should be routine in these operations,
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The stock slurry flows into the papecrmaking machine and forins
a "shecet' with solids content lese than five purcent, Although the
moisture content is reduced greatly during transit through the paper
machine, the wf nature of the material largely precludes the release
of eirborne asbestos. chbrthcleu, rigorous housekeeping and clean-
up measures are critical here as well, Workar exposure in this area
can be Wud by preventing spilled material from drying and thus
creating a potential dust iourcc.

The steam-heated rolls in the drying’ section are typically canop'y-
hooded and exhausted to remove water vapor and heat, This type of
hooding and exhaust sugments the general ventilation in the area and
aids in removing asbestos particulate released during the drying opera-
tion,

Local exhausts, arez hoods, and exhauats connected to a central
collection system zepresent the normal control measures ased to mini-
mize asbestos exposure at the slitting and calendering stages, House-
keeping is also critical here. |

The rewinding step imvolves bulk packaging of paper products on
epcels, reels, or beams from hrgcr'rom. The operation is com-
pletely dry, and area hoods and exhausts typify dust-control measures
8t these operations, Housekeeping operations in use for this proccss

step ere identical to those for stock prepsration and papermaking steps.

5.72
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Currentlv Achicvasle Fxnosures

Available, proven cuntrol measurcs and work practiccs which
could be used now to better advantage to assurc low exposurc levels
include the rigorous application of well-known methods, such as:

° Regular performance checks and preventative
maintenance on local exhaust systems;

- Immediate clean-up of spillage and floor accumula-
tion of asbestos~containing solids using central
vacuume-cleaning systems; -

. Floor cleaning 2t least once per shift with a power-
vacuum unit -- preferably combined with wet floor

cleaning; and
. Mechanically-supplied, contaminant-frec make-up

alir (tempered relative to ambient conditione) in .

sufficient volumetric flowrates to balance the com-

bined local exhaust capacity in a given work area,
These measures, together with the consistert, exacting application of
control measures described above would, in Clayton's judgment, achieve
exposure levels consistently below 0.4 fiber/cc on a time-weighted
average basis for papermaking operatioas,

Future Controls Unde; Development

Mnnclng technology useful for reducing asbestos cxpo-utcs in
asbeetos poycrmaking opcuuonn includes more high-automated equip-
ment for greater enclosurs and better ventilation, The effect of binder
and flocculating ngents on {iber release u also an on-going research
and Mbpment program 8s it mey affect the optimum papsrmaking

stock composition and end-use functionality,
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Projectcd Lowest Achicvable Exposurcs

Tabie 5.8 shows the projected lowestflclticv&ble exposures that
can be attaincd as & result of the exacting application of control methods
mentioned previously and the timely implementation of new technology
as it iz developed. In summary, the contractor believes that TWA
exposures in the papermaking segment can be main;ained consistently
helow 0,2 fiber/cc within two years.

8.6.3 Substitute Materials and Competitive Products

Asbes >s imparts to paper characteristics of dimensional stabil.ty,
durability, resistance to alkali attack, and thermal insulation. As dis-
cussed previously, the asbestos market is divided into several major
categories. Where information is availzable, substitution possibilities
and competitive products are discussed below for each of the product
categorias.

'. Flooring Felts

Flooring. felts are used a2 a base for vinyl sheet flooring or as a
underhyu;ent for viayl tile and carpeting. These materials hive com-
peted very mc:'ce.utuny with organic, or jute felts in the past. How-
ever, development of foam cushion backings and backlsss flooring will
place competitive pressures oa asbestos flooring felts. In Eurcpe,
fiberglass mats are being used as an underiayment to resilient sheot

flcering; however, the dimcensional stability is not as goud as with
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Table 5.8: Reported and Projected Asbestos Fiber Concentrations
Asbestos Paper and Felts

TWA Asbecstos Exposure Leval

(fibers/ec)
Procass~-Eelated Work Arcas PisTected ]
Reported Currently ;:chg
o Levele Achiovable | \ " o b1a

i e S p—
Fiber Receiving & Storage 0.2 - 2.5 | 0.3 0.2
Fiber Introduction 6.3 - 2.8 0.4 0.2
Stock Preparstion 0.1 - 2.7 0.3 0.2
Papermaking <0.1 - 1.0 0.3 0.2
$iit and Calendering <0.1 - 1.6 0.3 0.2
aevtndtn‘ <o.1 - 1.5 003 . 0.2
Splicin: <°91 - o.‘ 0.3 o.z
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asbestos flooring fclt, Dumcestic rescarch activitics have alsn tricd
Dupont's "Nomci:" aramid fibers, tiborgl#ss. cellulose fibers; yet no
acceptable substitute for azbestos has yet been dctermined.

Roofing Felts °

In the first half of the current decade, the asbestos roofing felt
market was one of the fastest growing of the asbestos products markets.
After a 1968 Americu_Society for Testing and Matcrizls recommenda-
tion, asbestos felt roofing began to make rapid penctration in organic
roofing feits' share of the built up roofing market., Its technical
advantages over organic systems lie in its rot resistance, dimensional
stability and in the fact that it does not require a gravel surface. This
hat fe&fnre makes the roof casier to inspect and repair. _

In 1976 built up roofing sales of all types were about 53 million
squares. Organic systems had about 45% of the inarket, asbestos felt
25%, and fiber glass felt 10-15%, Just as asbestos felt made rapid
inroads into the organic market share, industry sources believe that
fiber glages roofing will fcducc both the share of organic and asbestos
roofing felts in the built up roofing markets. Fiber glass has the same
technical featurcs as asbestus for a roofing product, but it requires
less asplalt saturation, Both {iberglass and asbestos systems are
hotianlc. Inorganic systems have better rot resistance and dimen-

sional stability than organic systems.
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With tnc escalation of petroleum and ashestos fibvr priccs, fiber
giass systems have beecame less expensive than asbestos felt systems,
While prices vary widely across the country, the current average price
for a2 ;ravel surfaced fiber glass system is $30/square (includihg labor
: | and materials). This compares with $39-$40/square for an organic
system and $46-$47/square for an asbcstos system.

Continged cxpansion of fiber glass capacity can be expected to
y ‘ maintain downward pressure on asoostos roofing felt priccs, thus

preventing asbestos roofing felt mzaufacturers from .paning on cost
incresses. According to Arthur D, Little 6( Canada estimates (32), the

fres market price of asbestos roofing felt was very close to manufactur-

ing cost in 1975, I their estimate is correct, asbestos felt may be
entirely priced out uf the market by fiber glass.

Gagket Paper

L : There is px-éuntly very littlc competitive products or adequate
substances for this product category. See also Section 5.8.3, Packings
and Casksts,

Pips Line Wrap

The coal tar enamel asbestos felt systam for oil and gas pipelines
is still the most competitive and preferred of all systems. But since
1973 the price of this eystem has doubled with increased prices for

asbhestos fiber and incrcased cost of production for asbestos paper.,

5.77
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This has enablud saturated fiberzlass outer wrap to gain a greater share
of the market, and become the chief competitor for asbestos fclt as a
component of the same general system. Altcrnative systems include
epoxy coatings, PVC tapc, and PE tape, Continually increasing prices
for asbestos pipe line wrip will certainly dccrease its share of market

in this competitive field,

Commercial Asbestos Paper and
Millboard Products

Domestic research for substitutes have centered on fiber glass,
cellulose, "Nomex'! and "Kevlar' {ibers.* Johns-Manville reported on
research witﬁ glags {iber which resulted in a weak, brittle, more
expensive product that zequired a new forming system for manufacture.
Other industry sources have quoted a glass paper developed for thermal
applications costing approximately $2/Ib as compared to $.35/1b for
asbestos commercial paper. Cellulose papers lack th: temperature
resisiance of agsbestos psper and they do not have equivalent dimcnsional
stability under rclatively hizh humidity and t.emperuture. For electrical
insulation applicaticns, Dupont has marketed 2 "Nomex' paper which
is thermally stable, flame resistant, moisture rcsistant and has

excellent electrical properties.(33) It has been approved by Under-

#See Saction 5, 9.3 for more digcuseion on Nemex and Kevlar
fibors,
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writcrs Jaboratery for temperatlures up to ;ZOOGQ Tie cost of
Nomex: papers varics from $6-57,75/1b depending upon its thickness
and density, The extent to which Nomex paper has competed with
ubosiol commercial papers has not bezn determined,

Ceramic mineral fibers, "Kaowool” by Babcock and Wilcock, Inc,

and Carborundum's "Fiberfax' have secn applications recently in

" millboard and rollboard in which the agbcstos has been replaced. These

materials have very good tesaperature resistance up to Z3OQ°F, but do
not have ¥:e reinforcing capabilitics of asbestos. Ceramic papers are
also » great deal more expensive than their asbestos counterparts

with prices ranging from $5~310/1b 28 compared to $.35/1b for com-
mercial asbestos papers. Due to this price diffcrontial, ceramic papers
cannot be considered as an econémicany dircct replacement {or asbes -~

tos in all paper applications,
Muffler paper has been one of the faatest growing products in the

asbestos paper industry due to their use in catalytic converters in
emission control systems, Nevertheless, industry sources have
zevealed that the automobile industry is currently looking for a replace-
ment for asbestos in thaoe'appucatioua. presumably to glass, or

ceramic papers,

Other Applications

In the specialty paper market which lacludes asbestos filters and

diaphrams, some progress has been reported in replacing aslxestos,

8. 79

DAY rianan /S panan o JVE S ot

CRMC-M&S-002854




The Durcz NDivigion of Hooker Chemical éomp:\ny has developed a new
membrane made {rom pern\;rosu.!.ﬁonic acid resins for usc in chlorine-
cauttié‘production. They"qlaim that this ncw material, tradename
NAFION, represcats an improvement over asbestos diaphrams and is

less expensive, However, they do zeport that the membrane is not as

efficient electrically as asbestos diaphrams. (34) Saffil alumina fibers
by ICI in England show promise as high temperature and chemical
resistant ﬁltrltwn medium, They have demmonstrated to be an effective

replacement for asbestos {ilters in breweries. (35, 36)
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5.7 Gaskets, Sexzls and Packings

5.7.1 Background

Asbestos is the most widely used material for gaskets and
packing because of its resilicnce, strength, chemical inertness, and
heat resistance. These agbestos materials are used in nearly every
industry, houschold, machine, and transportation wchicle.

A widi: variety of'products sre manufactured using raw asbestos
fiber, textiles, and asbestos paper. The asbestos may be bonded under
heat and pressure with materials such as nitril rubber or chloroprene
for resistance to oil and solvents. Ia fact, 2 wide range of materials is
used in compounds with asbestos to engineer 8 product of highly
specizlized properties. Aithough sorie dry asbestos packing is used to
seal furnace doors, rotary kins and high-temperature refractory aquip-
ment, packing generally incorparates a lubricant and is typically madg
by braidl@g aabe-tos varns which are impregnated with a groase-base
lubricent.

As 2 distinct industry segment, packings and gaskets consumes
appreximately 50, 000 toas of fiber per year based on 1974 estimates,
However, this figure may bc misleading by itself because of these
50, 000 tons is included 21, 000 tome of fibers used in beatsr-add gaskets,
a paper product, Therefere, ast counting beater-a2dd gaskets, 29,000
tons of fibers went into this segment and represent about 3% of the total

U.5. asbestos coasumption,
3.81
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This scgment of the primary ashestos industry is further compli-

cated by the fact that the materials uscd ag packing are in actyality

asbestos textiles. Therefore, the gasket, seals and packing segments

Sme -9
»

described in this section also includes materials from the paper and

1

textile segments. For example, manufacturers of sheet and beater-add

-o‘q‘ -

g2skets sell prevsed gasket materizal to gasket mznufacturers (numbering
.. arouny 10 es;ublilhments nationwide). These firms may then se!l to

gasket cutters, sumbering between 200 to 300 establishments, or they

may go directly to end-users. For consistancy in the discussion on

l‘ - substitutes and competitive products, there exist six major product
i lines of packing and gaskets which contain asbestos. The-e are:
L _ Compression Packings
Molded Packings E
Shecet Gaskets

Beater-Add Caskets
' Spiral-Wound Gaskets
[' . Metal-Clad Asbestos Gaskets

$.7.2 Technological Feasibility

r Review of Process

Gaskets. Asbestos bags are opened manually and dumped into a

mixing tank or a conveyor leading to the mixer. In some cases, the

o compressed raw asbestos is dumped into a fluffer for fiber opening before
the mix step. }‘ﬂlcro and bonding materiale are also added to the m'uaf.
and the mixture is blonde;i. Mixing may be in & dry or wet state, accord-

- lag to the product requirements: multiple production lines may be employrd.
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The formelatioa from the mixer is calender-rollied into sheeting.
The shecting may be packaged and sold to sccondary manufacturcrs for
{further processing, such as ga:ket cutters, The sheeting could also be
sold in sheet form to distributors scrving the maintcnance market.

Packings. Asbestos-based packing can be manufactured by a
number of processes. The’molt common method is to impregnate dry
yara wt.th lubricants, wh;ch coat the fibers. These yarns are then
braided into ; coctinucus length of packing, and then calendcred to
specific sizes and cross-sectional shapes. The sized braid may then be
coiled, boxed, and sold to the maintcnance trade, or it may be cut and
die-formed to manufacturer's specifications.

A variation of braided packing car be prociuced by first extruding
2 mi=ture of nbelfos Bber, binder, and lubricants, and then braiding
lubricated asbestos yarns over the extrusion.

" Control Methods and Work Practices

The gtiawnt fiber exposure potential for the gaskets and packings
segment is associated with the manual handling, opening, dumping, and
mixing of raw asbestos from bags as well as bag disposal. These
exposures are coatrelied by local exhaust veatilation and floor cleaning.

Where mixing is accomplished with a wetted compound, fiber evolution

| is low. Fibor exposure during braiding and twisting of treated asbestos

yera can likely be comtrolied adequately by local exhaust supplcmented

5.83
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by gencral control mecasuree, including dilution, ventilation, and system-

atic cleaning.

Reported Exnosure Levels

Several plant visite plus continuing correspondence and phone
interviews with industry reprelémtivel. together with a review of
ncéqﬁy-pubunhed exposure levels, ghow the time-weighted average
VIWA) aqbclgos exposures in the iaskets and packings segment to range
widely irom 0.1 to 2.5 fibers/cc. ﬁawever. even the lower reported

levels have generally been achieved with less-than-full-scale, optimum

_ application of currently-available, proven control measures and work

practices.

Currentily-Achievable Exposures

Available, proven control mezsures and work practices which
could be used now to better advantage to assure low exposure levcls
include the rigorous application of well-kanown methods, such as:

1. Regular performance checks and preventative maintenance

on local exhaust systems;

2. Immediate clean-up of spillage and floor accumulation of
asbestos-containing solids using central vacuum-cleaning
systerns;

3. Floor cleaning at least ocace per shift with a power-vacuum

wait - preferably combined with wet floor cleaning; and
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4. Mechanically-supplicd, contaminant-feec makc-up air (tem-
pered relative to ambient conditions) in sufficient volumetric
flowrates to balance the combined local exhaust capacity in a
giveﬁ work area.

These measures, togcther with the consistent, exacting application of
control measures describec above would, in Clayton's judgement,
achieve exposure levels consistently below 0.4 fiber/cc on a time-

weighted average basis for the packings and gaskets segment.

Future Controls Under Develooment

New control techniques for the gasket and packings segment relate

almost exclusively to fiber receipt and dumping, including improved

packaging of raw asbestos and the ultimate conversion to semi-automated
dumnping 224 use of more densgified raw fiber.

Proiected Lowest-Achievahle Exposures

- Tabie 5.9 shows the projected lowest-achievable exposures that
we believe 2an be attained 23 a2 rosult of the exacting application of
coatzoi methods mentioned previously and the timely implementation‘ of
sew technology as it is developed. In summary, the contractor believes
that TWA exposures in the gasket and packings segment can be main-

tained consistently below 0,2 fiber/cc withia two years.
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TABLE 5.9

B

e

REPORTED AND PROJEGIED ASCESTOS FISCLE CONCEUTIRATIONS
CASKETS AND PACKINGS

D B

TWA Asbestos Exposure Level
[‘ (fibers/cc)
o= Precass-Ralated Work Areas
- Reportced Currently Pg;i:;;:d
l $ : Achievable Achievable
s e o
[. FPiber Receiving & Storage 0.2 - 2.5 0.3 6.2
. Fiber Intreduction 08 = 2,5 0.4 6.2
[~ Uizing <0.1 - 1.0 0.3 0.2
Braiding and Twisting 0.1 - 1.6 0.4 0.2
(damp process)
Sheet Formation 0.2 - 0.3 0.2 0.2
- Cutting/Packaging 0.1 - 0.3 0.3 0.2
-
50.6
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5.7.3 Substitutes and Compctitive Products

Table 5. 10 presents the various sub-markets fur ashastos packings
and gaskets. It also includes size and sharc of these markets in addition
to major competitive products for each major line,

Compression Packings

Compression packings are also known as mechanical and braided
packings. These materials arc actually asbestos textilos that have been
braided for flexibility and resiliance. The asbeetcs aleo acte as e
reinforcement for longer wear, heat ind chemlical resistance and has
the ability to yhold‘ a lnbrlupt. then dhcl_urgo it under pressure, Cotton,
jute and flax packings work well in cold environments (below 0% C) and
cotton is acceptable at room temperature for water pump applications
(38, Howsver, these materiale will not functios st elovated tamporatures.
TFE®, Dupont trade name TEFLON, yard cen e used (n applicatione up
to 500° F and has the cherical resistance of asbestos ia the extrems
ph ranges, 1-2 ph for strong acide, and 13+14 for very caustic material,
In a conversations with SEPCO Company, {8 was feund thet TFE (ilament
yara is 8 times more expensive than weven asbestes ($10 to $12 1b, v,

$1.50-$1/75/1b. for asbestos) and would inerease the selling prico of the

stetrafluroethyleans

$.87
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packing 4 to 5 time over the asbestos packings., Furthermere, TFE
packings will not hold lubricants like the asbestos packings, thus
decrecasing their overall acceptance.

T | Graphite filament yzon is presently being used in packing applica-

Hons where extremely high hest and chemical resistance are required.

It iz able to withstand temperature up to 1500° F; however, because of
its poor tensgile streagth it is difficult to process. Compared to asbestos
packings, graphite packings are extremely expensive (£30-525/1b.), Qd
yet its popularity is growing due to its increased resistance to heat and
chemicals winc.h add sigrificant product life over conventional asbestcs
packings. |
A thixd high-priced gubstitute for asbestos packing is ceramic

yarn which costs approximately 10 times that of asbestos,. It has good
chemical and temperature resistance, but is slso has poor tensile
strength and is extromely abrasive,

| As is eviden?, there do‘axist substitutes for asbestos mechanical
packings, but no one materisl will be adequate for all the diffcrent
epplications which asbhestos enjoys. With no economic considerations,
asbesioe could be replaced with some porformance penalty, However,
the raw material cost would be an order of magnitude groeater than

T asbastos,

$.8¢0
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Molded Pocking

Molded packings usc asbestos and rubber i\"x a compression pack-
ing to be used as & scal around rotating shafts, Therc arc presently
mbtﬁitutel available especially in low temperature applications organic
such as cotton or jute could be utilized. Canvas molded packings are
also in use today and as less expensive than similar types of asbestos
packings. In higher temperature applications, glass textiles could be

utilized. The cost of these glass packings would be slightly higher than

_comparable asbestos packings. Additionally, Grafoii, a graphite

‘molded packing manufactured by Union Carbide can withstand tempera-

tores of 3000 F and could replac2 asbestos in many high temperature
applications. However, {t is muzh more expensive.

Sheet Gaskets

The asbastos sheet gaskets impart dimensional stability, reinforce-
ment, heat and chomical resistance, and resiliaace to stress and
relaxation. Approximately 75 to 80% of the sheet gasket applications
are to seal flanges at temperatures below 500 F. The organics, cotton
and jute, do mot bni the temperature resistance for these applications.
Fibrous glass s brittle and subject to chemical attach. Dupont's
Tefllon mixed with {lllers is bcins used for sheet gaskets at temperatures
up to 500 F; however, it is significantly more expensive than asbestos

.

($3.50-84.60/1b, with glass fiber filler vs. $1/1b. asbestos). Other

s. ’o
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performanc penaltics are that the teflon will squceze out of the gasket
under extremely heavy mechanical loads, i.e., 2000 psi. Additionally,
under a heavy load the gasket will deform over time. Dupont sourccs indi-
cate that Tefloa filler mixed with carbon or graphite improves thc perfor-

mance characteristics greatly, but also adde siganificantly to the cost.

Beater-Add Gaskots

Beater-add gasksts are actually a éapif product made from t.‘;e
same machine as used for latex sheet underlayment for vinyl sheet |
flooring. P-operty characteristics have already been discusscd in
Section 5.6 for the paper segment of the asbestos industry. At present,
no suitable substitutes have been found for thz asbestos beater-add
gaskets. Furthermore, in applicctions that zre not both critically
sensitive to high heat and pressures, these gaskets are taking over a
greater share of the gasket market.

Spiral-Wound Gaskets ‘

These mctal gaskets utilize asbestos paper and are found pri-
marily in high temperatures. Asbestos gpiral wound gaskets have apprb-
ximately 90% of the market. Teflon may be used when greater chemi-
cal resistance is needed. and Grafol!l, 2 graphite material, is utilized

where very high temperatures are present.

5.9
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aad Metal Clad Asbestos Gaslets

” -

These gaskets use asbestos &8 a filler in 2 metal sandwich and

4

- find use in heat exchangers in industry. Appsrently, no competitive

®mo.ny

]

products exist for this asbestos application.

» nammy.

Common Problems Associated
with Non-Ashestos Gacxets

=

A has been shown, there do exist many varieties of substitutes

> ooy
' e

and competi'tive producfn that could replace asbestos. However, there

: is not one single substance that is compatible with all of the asbestos

Aoy

gasket aprlicctions. From a practical standpoint, if industry were
forced to switch o non-asbestos gaskets, many different types of gaskets
wovld have to be stocked and problems may result from improper

selection. Additicnally, for varyiag tempcraturc and chemical applica-

! . tions, asbeatos giskets have proien to be an excellent performer, not

_! ) only on 8 technical basis, but also on cost. Other materials are invari-

ably morc'cxpcns{vc, and in many instances, there may be a performance

penalty in switching to 2 non-asbestos gasket.

5.92
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5.8 Paints, Coatings and Scalants

$.8.1 Background

The primary constituent of this industry segment is asphalt

coatings which reprcsent a linc of products which have a variety

of end uses in the industriai, automotive, and construction indus-

tries. 'Ihiy are praoduced for such varied uses as protective coat-

ings for metals and tanks, insulation for pipes and tanks, sound

deadensrs, sealants and underco'atingc for automobiles and roof coatings,

flashing cements and tile cements in construction. One type is made

from an ssphalt cut back with kerosene or mineral spirits used as a

solvent and the othér with an asphalt emulsion in water.

The primary purpose of asbesios in coatings is to enhance the

rheology of the system and especially the thixotropic characteristics.

Since many of the uses involve outdoor exposure the cxcellent weather-

ing resistance imparted to the coating by asbestos is essential and its

Sbrous nature provides the dcsired viscosity characteristics. The low

cost of asbestos in relation to the value added is essential in these low

cost products.

there are ualimited formulations.

Becausge of the varisty of products ard the number of producers

The major components are:
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Cutback Products

Cutback Asphalt 30-80%
Asbestos 10-15%
Limestone and Slate Fluor 15-30%
Disperant 1%

Emulsion Producte

Emulsica Asphalt 55-80%
Asbestos §0<15%
Limestone 5«15%
Diqnfuat , 1%

Asphalt coatings and sealants consume approximately 65, 000 tons
of asbestos annually, representing around 7% of the total U.S. fiber
ccasumption, For this report, joint cement compounds is included
under this general coatings and sealants heading. In 1974, 13,000 toas
of asbestos were used in joints cements; however, this figure is reported
to be drastically reduced for 1976 consumption due to substituﬁén efforts
in anticipation of the ban on dry-wall syz~kling compounds by the U. S,
Consumer Products Safety Commission.

The major products applications that will be discussed in the

subsequent section of substitutes and competitive products include:

Aephalt roof coatings 35,000 tons of asbestos
Avtomobile underbody
coatings 8, 000 tons of asbestos
Adhesives and sealonts insufficient data on con-~
sumption
9.94
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5.8.2 Tecchnological Feasibility

Revicw of Pro:cg_g_

The paints, coatings, and sealants manuflacturing operations are
chlncte'rized by two key operations: mixing azd packaging. Fiber
introduction in this segment represents the critical phase with regard
to worker exposure. Fiber fluffing must be used to convert the com-
prassed fibers to an open, free condition to assure dispersion and
cncapc;htiox; during asphalt mixing.

Fluffed asbestos fiber is transferred to hoppers or directly to a
batch mixing tank., Either horizontal, helical type mixers or paddle-
blade type mixers are used to provide homogeaeous dispersion. Fiber
transfer takes place pneamatically, i’y mechanical conveyor, or
manually. Pneumatic tranefer systems are exclosed and exhausted
through fibric filters. Conveyors are generally enclosed. Manual -
trassfer may be employed for small batch operations or for specialized,.
low-volume requirements. .

The Muffed fiber and other dry materials are mixed with asphalt
{and solvents as required) in a batch tank; in sorne cases, mixing order
is reversed and ualy dry materizls are mixed initially. The batch is
mixed sufficiently to achieve uniform dispersion. The batch‘ is mixed
sulficieatly to achieve uaiform dispersion. The batch mixing tarks are

sormally exhausted to prevent fiber dispersion. After a short mixing

$.9%
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time, the asbestos fiber iz bouzd in the asphalt. Upon comnpletion of
mixing, the asbeltéa is encapsulated in the asphalt with little chance
for fiber dust exposure. ‘When the batch is finished, the material is
pumped to the packaging operation.

The predominant packaging for ccatings is 5-gallon cans with
sesled lids; Special orders are filled occasszionally with drum contain-
ers, and buui shipments occur rarely. ‘ |

Control Methods and Work Practices

’n;o nseed to ackieve a high degree of fiber opening for the paints,
coatings, and sealants applications has led to the use of a high-speed
fluffer which can create a backdraft that i2nds to offset the control
velocity achieved within the fiber dumping hood at the fiber introduction
station. This is offset in part by the fact that the typical fiber intro-
ductionr operation is very intermittent, lasting only a small fraction of ,
the work day. Nevertheless, this operatioc needs to be redesigned or
modified to achieve and maintain inlet velocities of at least 250 feet per

minvte even when the Ouffer {5 activated.

No control equipment is installed or believed required from the
mixing through packaging stages of processing in this segment.

Reported Exposure Levels

Receat plant visits plus continuing correspoandence 2nd phone

interviews with industry representatives, together with a revicw of

S.96
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reccntiy-published exposure levels (1, 2, 3). show the time-weighted
average (TWA) asbestos exposures in paints, coatings, and sealants to
range widely from 0.1 to 8.0 fibere/cc. However, even the lowet;
reportad levels have generally been achieved with less<than-full-scale,
optimum application of currently-available, proven control measures

and work practices,

Currentliv-Achievable Exposures
Available, proven control measures and work practices which

could be used now to better advantage to assure low exposure levels

- iaclude the rigorous application of well-knowa methods, such as:

1. Regular performance checks and prc&cuutive maintenance
ea local exhaust systems:

2. immediate clean-up of spillage and floor accumulation of
asbestos-containing solids using central vacuum-cleaning
systams;

3. Floor cleaning at lgast cnce por 2hift with 2 power-vacuum

uait - perferably combined with wet floor cleaning; and

4. Maechanically-supplied, contaminant-free make-up air (tem-
pared relative to ambient conditions) in sufficient volumetric
flowrates to balance the combined local exhaust capacity in

& given work area.

8.97
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“hese sncasures, together with the consistent, exacting application of

control measures described above would, in Clayton's judgement, achieve
exposure levels consistently below 0.4 fiber/cc on s time-weighted
average basis for paints, coatings, and sealants.

Future Controls Under Development

Ongoing technological improvements for control of asbestos
exposures in this segment of the primary indultriél relate primruy
to fiber receipt, storzge, and bag-opening developments discussed ‘ ,
aarlier in the report. Particular am;:tion aeeds to be given, and is ‘
being given, to the develolment of adequate exhaust hooding for manual
fiber dumping because of the importance in these operations to open and
fluff the compressed fiber prior to mixing. This high-speed fluffing can
create back-draft windage, and this needs to be overcome by adequately~
designed local exhsust in order to control exposures in the fiber-intro-

duction phase of the operations.

Projected Lowest-Achievable Exposures

Table 5. 11 shows the projected lowest-achievable cxfocures that
can be attained as a reeult of the exacting applicatica of contro! methods
mentioned pnﬂously and the ti.mcl; implementatiorn of new technology
as it {2 developed. In summary, the contractor beliaves that TWA
exposures in the paists, cutiap,’aud uihau segmaent can be main-

tained consistently below 0,2 fiber/cc withia two years,

5.98
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TABLE 5.11

REPORTED AMD PROJECTED ASBESTOS FJUZIR CONCUNTRATIORS

PAINTS, COATINGS, AND SEALANTS

TWA Asbestos Exposure Level

(fibers/cc)
Process-Related Work Areas -
: Reported Currently Piﬁ;;;:fd

¢ Levels Achicvable Achlevah”

A .~ eIPEENe .v —
Fiber Receiviug & Storage 0.2 - 2.5 2.3 0.2
Fiber Imtroduction 1.5 - 8,0 0.4 0.2
Mixing/Compounding/Peckaging <0.1 0.2 0.1
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5.8.3 Substitutes and Comprtitive Products

Asbestos is mixed with acphalt and other fillers to give scalants
and coatings dimensional stability, The advantage of using asbestos in
asphalt is {n the cle;trical and capillary affinity between the two

materials that strengthens the bond between the filler and base,

Roof Coztinres

For roof coating applications, ' asbestos contributes to the viscosity
‘ of the fluid, 'incrung the tensile strength through reinforcement, and :
provides stability in can storage. The amount of asbestos in this
materis]l ranges between 15-20%. TREMCO, Inc.. one of the largest

. o producers of roof coatings has tried polyethylenes, polyproylenes,

polyesters, and acrylics as a substitute for asbestos. They have

daveloped a proprietary substitute with acceptable characteristics in

|
L this application, but its cost is 8 times that of asbestos. Furthermore,
{ it is reported that a change in the manufacturing process would be

: - required if these materials were produced commercially, Some

success has becr achieved utilizing fiberglass as an asbestos substitute
ia roof coatings. The glass provides reinforcement, but does not

e - contribute to the viscosity of the coating. It also lacks the chemical

- a{linity for asphalt that agbestes fibers apparently have, !'ibrou‘c glass
‘ used in these applications are oa the order 7 times more expensive S

than asbestos ($.50/1b. vs §.06-$. 10/1b. ‘for asLestos) and apparently

would require a change in the manufacturing process.

$.100
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The market for roof coatings is divided into fibrated and nou-

fibrated coatings represcating 607 and 407 of the total market respec-
tively. To date, the fibrated coatings are almost completely asbestos
filled; however, as reported above, substitute materials may become

a factor in the future. The non-fibraded roof coating are generally
used for maintenance and repair work. Furthermore, they cannot be
used on stec.p, or vertical surfaces Because they will slide off. Asbes-

tos roof coatings offer the advantages of better weather resistance and
a better {ire rating.

Automotive Underbody Coztings
In sutometive underbody coatings, the aﬁbesmsnaaph&!t material

provides & sound deadener and corrosion resistance. Johns-Manviile
reports that other materials have not been found to be as effective on

& cost/performance basis as asbestos in this application. There do
exist others that achicve the same effect of resisting corrosion (i.e.,
zinc-proceseging to rust-proof automobiles!, but they do not significantly
deaden sound.

Adhesives and Scalants

Asbestos used in adhesives and sealants provide reinforcement,
weather resistance and temperature resistance, This market is pri-
marily in auto-aobile, mobile home 2nd industrial applications. Many

scalants for household uso do not contain asbestos, but without asbestos

g.101 CRMC-M&S-002876
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as 2 fiber, thcy are more cxpensive, A fumcd silica (high purity silica
oxide) material manufacturcd by the Cabot Corporation, trade name
Cab-0-Sil, is reported to bc an asbestos substitute in decorative cout-
ings and wood ashesives, Its cost {s $1.20 to $3/1b, compared to

$. 15/1b, for asbestos; nonetheless, because of the high selling pi-ice

of many geslants, Cab-0-Sil can be uscd as an asbestos replacement.

- Percipitated silicas are also reported being used as a substitute for

asbestos in s;ahnu.

Joint compouads used as dry-wall spackling compounds may not

‘be considered gsealants or coatings in a traditionsl sensa; however, for

c@isuuy they will be discussed urnder this heading. Over the past
few months, thcre has beon a consistent trend to substitute for the
asbestos in this product due primarily to the dust problems encountered

in using th® product. In April 1977, the Consumer Product Safety Com-

mission decided to propose a ban on the use of asbestos in these products. ~

Therefore, asbestos will continue to be replaced in this application. Aa

L)

asbastos-{ree dry-wall joiat compount was developed by Nationzl Gypsum

sod utilizes attapuigite clay as zn asbestos substitute. [t is reported

that thece asbestos-free compounds have good plasticity, water retention,

cchesivaness and viscosity stability {(37). The coastruction industry has
estimated that to substitute the asbestos ia dry-wall joint compouads

would {ncrease the price of the compound approximstely 12 to 13%.

8No specific proposal has been published to date.
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5.9 Asbestos Textiles

5.9.1 Backg:round
i Asbestos fibers, whun worked into textile form, provide a material
, . which is incombustible and retaing its physical properties at high
temperatures., Asbestos textiles are manufactured in several different
fozmi:
1ap - used as insulation for electrical conducters:

Roving - used as insulation for heater cards, twisted
to form yarn;

. Yarn - woven into textiles;
° Cord - used for seals, packing, iixsuhtion;
Cloth - used for curtaing, blankets, safety clothing;

Tubing - used for sleeving for elsctrical conducters;

- oe
.

. Wick - used as packing and gealings;

° Tape - used for electrical insulation,

Typical forn:ulatica for those textile products are 75-100% chrysotile
asbestos and 0-25% organic fibers,
l. ‘ The U.S. asbestos textile market consumed approkimntely 12,000
L‘ toas of asbeatos in 1974 which achcd for approximately 1% of total
U.s. ﬁbcr consumption. The primary end uses for asbestos textiles
are in friction materials, packings and sealings, protective clothing

and thermal and slectrical insulation.

-
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5.9.2 Tecchnological Feasibility

Review of Process

Asbestos textilc manufacturing operations comprise two basic
process variations: c§nvcntional and wet. The conventional operatioa
can be subdivided into "dry-woven' and 'damp' processes. The dry and
damp processes differ only with respect to moisture applied to the yarn
by contsct vi‘_th water on a roller or a mist spray. Tha dry-woven
process yields highly npecialiied yarn without any water contact. Dust
release in dry processing is much greater than in damp processing.

The m‘ly-dmloped wet process produces yara by cxtmdlnﬁ a

chemically-dispersed slurry into a chemical c&mhnt. The wet-process

| yarn g0 formed is denge and teads to hold asbestos fibers better than

yara produced by the conventional process. This has a beneficial
effcct, resulting in smaller amounts of fibers released to the work
environment. Major disadvantages with yarn produced by the wet
process i.n;:ludc reduced absorption and imprognation characteristics.
Textile plaats typically produce several products, aad thousands
of opsrations occur simultanecusly as hundreds of strands are wound,
rewenad, spun, twisted, braided, and woven. Because of the replicated
opsrations and the continuous, high-speed movement of final and
intermodiate yarn products, huadreds of point sources of asbestos fiber

are present in asy given arsca.

$.104
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Conv-ntional Process

The raw asbestos grades and other ingrcdients are weighed and
dumped inls several bleading machines. The bleading machines are
oparated coatinuously to geatly mix the componeats of the formulation.
The mixing takes place as the asbestos slowly moves toward the rear
of the machine, is drawn up aa incline, and tumbles back to the bottom,
Part of the u:ix is carried over the incline and falls into 2 hopper. The
rear of the blending machine is enclosed and hooded to minimize fiber
evolution. As the hoppers are filled with the bieaded fibere, they are‘
transferred to the carding machines. |

Tﬁc carding operation combs the fiber mix into a paralleled
(oricated) fiber mat. This mat is pressed mechanically and layered
into @ lzp. At the finishing card, the lap is separated into thin contin-
uous strips of fiber known as "roving''. At this point, cotton or rayon
or other materisls may be added to the xoving to impart strength and
other characteristics. The lap, matting, or roving may be packaged
and eold to secondary industries. Otherwise, the roving procedes to
the spinaing opcntianu.

The roving is spun by nistin;'to the specified number of turns
per inch to give & strength. In the demp process, ths roving is
moistened via wet rollsrs bctofo spinning. This dampening process is
employed to reduce fibrous dust during subsecuent processing. In some

cases, for reasoas of product quality, the roving is not wetted.

5.10%
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During spinning and {urther processing, many of the strands will
break, releasiang fibrous dust as ends whip around the spindles. During
this high-specd processing, strands break repeatedly and are repaired
manually,

Spun roving, known as "single yara", can be twisted with other
single yarn, or other mt&rhl to produce ''plied yarns'., Plied yarns
can be coaud,‘ to produce thread»or treated yarns, or be woven to pro-
duce tapes, cloth, or wovea tubing. It can also be braided to produce
cord, rope, or braided tubing. Spun yarn can be processed without
twisting to produce woven, braided, and otherwise-treated products.

At the weaving operations, the yarn is first put oa a8 beam or
creel, which handles a large number of strands to feed a loom. A
“damp" or ''dry" loom can be used to create cloths of different character-
fstics.

Wet Process

The wet process differs from the éomntioml processes in that
the raw asbestos is dumped directly into a slurrying tank with water
and chemicals. The resulting slurry is extruded directly into strande.
These strands proceed to the spinning and subsequent aperations similar
to coaventional processing. The wqt process thus produces the blending
and carding operations which, {s the conventional process, generates

substantial amounts of asbestos dust. Wet-processed textiles possess

$.106
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quite differcnt chsractoristics thaa the conwventionally-woven products;
and therefore, secondary manufacturers must acdapt productien techniques
to compensate for the altered processability aed fina!-»pfoduct character-
istics, |

Control Methods and Work Practices

Hoods and local exhause are generally employed where raw fiber
is dumped from the bags. The blending machines are normally enclosed
partially and evacuated to ininimize worker exposure to asbestos. |
Blanded asbestos fiber is often transported manually to the carding
machine, and phatié shaet is used to cover hoppers during this tranlfer'.

To sliminate dust in asbestos textile operations, many of the
processes such as carding need to be complztaly caclosed, coupled, -
aad exhausted with well-designed ventilation systems. When nlbeitoa ;
textiles are processed in a damp o? wet state, or otherwise are treated,
little, if any, dust is generated during handling.

In dry processiag, fiber introduction, blending, traasporting. and
carding are high exposure areas because of the manual handling of raw
fidber,

Splaning, twisting, weaving, and braiding are expansive operations
and, although highly mechanizsed, require coastant worker attendance to

repair broken strando and to make cquipmest adjustments. The
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continuous high speed working of the yarn (spindling, spinning, twistiay,
and wesving) conlnntly emits asbestos fiber into the air. Since thou-
sands of strands undergo repliczted processing in largevwork aress,
isolation of point sources is not feasibie.

In general, enclosures, hocods, and exhaust veatilation are a;pplied
for raw-asbestos-handling operations such as bag opening, blcading,
wet mixing, §nd conveying of bulk fiber. Fixed and portable vacuum
systems help to coatrol spillage and can be used to keep floors gnd other
surface areas relatively clean.

Repetitive vctth;xg of strands is used to coantrol fiber levels.
Although spindies have been designed to stop rotating when a strand
breaks, this impedes spinning and twisting speeds and retards production
tftbl. -

Reported Exposurc Levels

Several plant visits, plus continuing correspondence and phoné
intsrviews with industry representatives, together with a review of
recently-published exposure levsls (1,2, 3) show the time-wcighted
average {TWA) asbestos exposures in asbestos textiles to range widely
from 0.1 to 10 fibers/cc. However, even the lower reported levels
have generally been achioved with less-than-{ull-scale, optimum appli-

eation of curreatly-available, proven coatrel measures and work

practices.
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Currantlv-Achicvable Fxopacures

Avatlable, proven control measures and work practices which
could be used now to better advantage to assure low exposure levels
include the rigorous application of well-knowa methods, such as:

l. Regular pcrformance checks and preventative maintenance

on local exhaust systems;

2. Imt.nediz.te clean-up of spillage and floor accumulation of
asbestos-containing solids using central vacuume-cleaning
systems;

3. Floor cleasning at lcast once per ghift with a power-vacuum
unit - preferably combined with wet ﬁoor cleaning: and

4. Mechanically-supplied, cortaminant-free make-up air (tgm-
pered relative to ambient conditions) in sufficient volumetric
nowra.khes to balance the combined local exhause capacity in
in given work area.

These measures, together with the consistant, exacting application of

control measures descrided above would, in Clayton's judgement,

" achieve exposure levels consistently below 1.5 fiber/cc on & time-

weighted average basis for asbestos textiles.
Future Controls Under Development
Damp processiag and couversion to the newly-developed wet

process represents the only real technological advance for controlling
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worker exposures to TWA levels consistently below 1.0 fiber/cc. This
will require developmental tims., Furthcrmore, all current markets
cannot be served with the wet-processed yarn.

Projected Lowest-Achievable Exposures

Tables 5.12 and 5. 13 show the projected lowest-achizvable
cxyosufct that we belicve can be attained ia conventional and wet pro-
cessing, respectively, as a result of the exacting application of control
methods men;ionad previously and the timely implementation of new.
technology as it is Jdeveloped. In sumniary. Clayton believes that TWA
exposures in the conventionally-processed textile operations can be
maintained éonsiltently below 1.0 fiber/cc within two ycars. Similarly,
the coatractor believes that after the same period, TWA exposures in
the wet-processed textil§ operations can be maintained consistently

below 2.2 fiber/fee.
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TABLE 5.12
- S REPORTED AND PROJECTED ASDESTOS FIBER CONCEXTRATIONS
: ASBESTOS TEXTILES =~ CONVELUTIONAL PROCESSINC
. THA Asbestos Exposure Level
4 (fibers/cc)
a Process-Related Work Areas -
4 ) Reportced Currently P“i’o"'::::d
I : Levels Achicvable | , "o "1y,
Fiber Receiving & Storage 0.2 - 2,5 6.3 0.2
I Fiber Intreducticn 2.0 - 10 0.2 | 0.3
Mixing and Blending 2,0 - 10 1.0 0.8
:' Csrding 2.9 - 10 1.5 1.0
? . Spinning 2.0 - 10 1.5 1.0
4 Twisting 4.0 - 10 1.5 1.0
1 1. Weaving 1.0 - 4.0 1.0 0.8
't.‘dux 2.° - 5.0 103 1.0
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TABLE 5.13

-
o

REPORTED AND PROJECTCD ASBESTOS FIBER COMNCLWTRATIOXS

ASLESTOS TEXTUYLES - WET PROCESSING

TWA Asbestos Exposure Level

: (fihers/cc)
Proccss-Related Work Areas e -
- ' i Reported Currently P?;ﬁ:;::“
¢ Levels Achievable Achiév:b!n
SRR <. -
Fiber Receiving & Storage 0.2 - 2.5 0.3 0.2
Fiber Introduction 0.1 -~ 4.8 0.4 0.2
Spinning 2.0 0.3 b.z
Twisting 2.0 0.3 5.2
Weaving ] 1.9 0.3 0.2
Bratding 1.0 0.3 8.2
s.112 CRMC-M&S-002887
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5.9.3 Compctitive Products

Asbestos Iibers.‘ 'spun and woven into textile forms, are incom-
bostible and resistant to heat, corrosion and biological attack. At
service temperature above 409° F, asbestos products are presently
the undisputed leader on a cost/performance basis.

| At temperatures boléw' 400° F and occasiorally at higher service

temperatures where short exposure times are expected, there are a
eumber of tibrc'suz mtér'ub which cémpetc for asbestos textile markets.
In most cases these competitive materials are more expensive than
asbestos but are uscally stronger (in yarn form), lighter and have a
- meore textile-like feel and appearance.
Each of these competitive products are discussed individually be-
~ low. Much of this information has been taken {romn a 1976 Arthur D.
Little of Canada study éonducted for the Quebec government, Ministry
of Industry and Commerce. (39) In reviewing this list of competitive
products, it should be kei:t in mind that, with the exception of glass
fibers, none of these materials were commaercially available fifteen
years 8go.

Glass

Advances ia the technology of glass fiber manufacture have been
rapid particularly ia the lzst ten years. Glass fibers have about the
same density as asbestos but glass yaras are atrohgcr and cheaper

thas asbestos ysrns of similar size. (glass (ibers cost approximately
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$.75/1b vs $1.00/1> for asbestos spinning grade fiber.) Glass competes
directly with askestos fibers in thermal and electrical insulation ap-
plications where unitra-high tcmperaturce resistanc» is not required.

In addition, glass fiber competes with asbestos fiber in applications
where an inert substrate is required for plastic coatings. The total
market for glacs fiter in the United States is approximately ten times
that of the ls;besws fiber market and glass fiber applications, pafticu-
larly in industrial areas, are exéectcd to continue to grow at jcast as

fast as the growth in real GNP and will continue to compet for asbestos

fiber markets.

Quartz

The market for quartz fibers in the United States is extremely
small and restricted almost entirely tb military applications. Quartz
fibers are manufactured as a continucus filament material and are used
in areas where high strength, high thermal stability, and low electrical
conductivity are required. Because of the very high cost of quartz

fibers, they do mot represent a serious threat to asbestos textile markets.

"Nomex® -

The term “Nomex'" is & registered trademark of the Du Pont
Company for an aromatic polyamide which i8 manufactured by condensing
mets - phenylenediamine with isophthaloyl chloride. The product is manu-

factured as a claple fiber, a continuous [ilament, and as short fibers

5.114
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{fibrids) for use in paper applications. About 25 million pounds of all
"Nomex'' products are curreatly sold in the U.S. market principally

for electrical insulation applications and for protcctive clothing ap-
plications such as flight iuita, where high temperature resistance for
short periods of time is required. Other applications includes dryer
felts, laundry press fabrics and high temperature filters. The price
for "Nomez'; ranges from $5. to $5. 50/1b for raw fiber and $6. 50 to
$10/1b for continuous filaments as compared to $1/1b for nbeltoa. fiber.

"Nomex" is and will continue to be a serious competitor for asbestos

textiles.

"Durette"

This is a product which is manufactured by chlorinating woven
fabrics of "Nomex". "Durette" was originally developed by Monsanto,
but the rights to the process have been recently sold to a third party.
This product has substantially better heat stability than "Nomex". but
because of its high cost has found oaly limited usage in protective
clothing applications. '"Durette" fabrics are aot perceived as a serious

competitive threat to asbestos textiles.

- "Kevlar"
The term "Kevlar” is also a registred trademark of the Du Pont
Company. "Kevlar'" is an aromatic polyamidc made by reacting para-

phonylenediamliu with phtahaloyl chloride. At the prcsent time, "Keviar"
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is manufacturcd only in continuous filament form and its current principal

use and potential for the future is in tire cord. "Kevlar' has outstanding
thermal stability for an organic material having reazonable physical pro-
perties up to 500° F. It is stronger and has a higher modulus of elasticity
than steel, and has excellent flexural properties. The Du Pont Company
presently has approximately 6 million pounds of '"Kevlar" manuflacturing
capacity and'_hzo announced plans to expard this by an additional 50 million
pounds before 1980. Within the past two years significant quantities of
“Keviar", up to Z million pounds, have found their way into applications
where it is used as a substrate for plastic coating. The high strength

and stiffness coupled with good thermal resistance and good electrical in-

sulation properties should allow this product to compete with inc reasing

success in the high temperature fiber field. In the longer term, "KAevlar" '

fibers and fabrics will represent 2 more seriocus threat to asbcstos tex-

tiles than "Nomex. *

“*Teflon'

*Tellon" is a registered trademark of the Du Pont Company. ''Tel-
loa" is a perfluorinated polyethylene manufactured by polymerizing t;trl-
fleorocethylene in & proprietary proécu. "Teflon" fibers are manufacturcd
- by dispersing "Teflon'" particles in 8 viscous (rayon) dope and extruding
the ““Tefloa" particles in ¢ matrix of rayon. The rayon is then burned of(

- leaviag a contiguous "Teflon" {ilament. "Teflon" lilament products are
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uscd ia ‘app!.icatiunr. where high temiperature resistance is rcquired such
as in the filtration of hot gases. '"Tcflon" fabrics are also used in arcas
such as beariag joints where their high temperature resistance and un-
usually low surface frictional properties are required. About 5 million
pounds of “"Teflon" fiber is currently being used in the United States.

Less than 10% of this competes directly with asbestos.

Kynol"

The term "Kynol" is a registered trademark of the Carborundum

Ceorporatica. "Kynol” is a phenol formaldehyde polymer which is formed
in the staple fibers in the novelac stage and subsequently cross-linked.
"Kynol" fibers have remarftable high temperature stability and {ind sp-
plications where lightweight thermal barriers are required. The princi-
pal limitation of "Kynol" is the fact that while it is inert at elevated tem-
perature, a yuﬂcn from extreme losses of strength thus limitiug.iu use
to fairly beavy textile structures where little or no stress is applicd.
The total ma;ket for "Kynol" in the United States is currently ’lcu than
! million pounds. While it represents a direct threat to asbestos, be-
cause of the high cost of producing "Kynol" fibers the total impact will
be small. O=n a comparative cost basis, "Kynol" fibers are priced at

$3.60/1b verses S1/1b for asbestos.
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Carbon

Carbon fibers are manufactured by sintcring either fibers of
rayon or poelvacrylonitrile. The resulting fibers are extremely strong,
have & high flexural modulus, are light in weight and have superb re-
tention of properties 2t elevated temperatures, Most of the applications
for carbon fibers which utilize their high thermal stability are in the
military arez; however, because of the unusual combination of propertics
of carbon {ibers, a great deal of tcae‘arch has been devoted toward manu-
facturing tc'chnology which would lower the cost of the material. Carbon
fibers zre now being produced experimentally by direct spinning processes
which have the potential of reducing carbon Iil;er prices to the runge of
$1-2 per pound. Should these developments become commercial, carbon
fibers would be 2 serious competitor for asbestos fibers in many appli-
cations including gasketing material, thermal insulation, and possibly in

some friction applications,

Ceramic Fibers

A pew process has been developed by the 3M Company to manufacture
continuous ceramic filaments into tapes, cloths and ropcs. These matcrials
are characterized by high tensile strength, flexibility and heat resistance
up to 2600° F. Potential applications include conveyor belts, furnace
gurtaina. cable and hose coverings for furnace applications. Elcctriéll

applications are wire and cable fire protection, heating element {nsulation

CRMC-M&S-002893
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and braide! slecving rope for heater insulation, These materiais are
very expensive compared to ashestos and arc currcntly priced {rom

$30-332,50/1b,

Another ceramic textile current'y in the kigh temperature market

fs "Refrasil” developed by the HITCO Company. It is a pure rcgenerated
. glass capable of withstanding temperature of 2200 C and used primar:tly

ae welder's curtain drop cloths, furnace curtain, refractory ao.c)r :xn:d . -
hose coverings. Its price is approximately $9/1b. for the fibers, 528/‘. '
Ib. spun into strands. Both the "3M Bmd" and “"Refrasil"” ceramic
textiles are capable of iephci.ng asbestos on a performance basis.
However, their cost woéld tend to minimize complete replacement of
asbestos in high temperature. Furthermore, some ¢f theis furnace
applications approaching 2000 C are beyond the useful temperature
limit for asbestos; therefore, these new ceramics should not be consi-
dered as a feasible replacement for asbestos textile except in very
specialized rifractory appﬁcaﬁons.

In addition to the list of competitive products discussed abova,
asbestos fibers are confronted with increasing campetition from poly-
eoster and nylon monofihﬁmntn in the dr-er felt area. The decline in the
use of asbestos fibers la dryer {elts is directly attributed to compstition

- from these materiale which provide hig.ﬁar strength and abrasion resis-
~ tamce, better filtration properties, and, despite lower thermal resis-

tance from beth polyester and nylon, longer life.
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- As technology for the production of synthetic fibrous matecrials
with high temperature properties advances, competition from asbes-
tos fiber markets can be expected to increase.

$.9.4 Effect of Imports on Domestic Asbestos
Asbestog Textiles

Domestic producers of asbestos textile pro&ucts have faced
increasing competition from competitive products and from imports
over the pa;t several years, On a poundage basis, imports have more
than doubled since 1970 while domestic shipments have declined from
35,6 million 1bs in 1972 to 31 million lbs in 1976, Imports have made
their most significant gains with respect to the markets for yarn and
cloth., A significant percentage of the yarn which is woven into textiles
for friction material is now being imported according to 8 major manu-
facturer of friction materials. Associated with this phcnomenon are re-
cent production and investment decisions by domestic producers. Garlock
bas shut down its domestic yarn facility and imports yara from Canada.
Johns-Mansville has also curiailed domestic yarn production. |

Significant increases in imports have come recently from Mexico,
where Amatex has a minority intorest in Hiladosy Tegidos de Asbestos
8.A., and from Venesueia, where Raybestos Manhattan has & 47%

interest in Manufactures Multiples.
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Imports have pcnctr#lcd the American markes by sclling at a
digcount relative to dunﬁestic products. As in tho product.ion of organic
fiber textiles, !abor represcnts a significant cost componcnt, and
labor cost differentinls have undoubtedly contributed to the penetration

of imports. In addition, the required investment for exposure control

mandated by the 1972 emergency standards and the 1976 2 fiber/cc ex-
posure limit standard appear to have increased the spread between
domestic and foreign prices. The n';aintenance of such a cost diiferen-
tial will undoubtedly increase imports share of the asbestos textile
market.

The continued penetration of imports and product substitutions
in lines where asbestos textiles were once dominant prezents a pattern

of stagnation and possibly absolute decline for the asbestos textile

lndult‘ry.
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6.0 IMPLICATIONS CF A 0,] FIBLR/CC
EXPOSURE LIMIT

Further reducing the asbestos exposure limit to 0.1 fiber/cc will
definitely have certain implications for the asbestos industry in both the
primary scgments (i.e., the producers of asbestos products) and the
users of asbestos contalning products. Depending upon each industry's
persnective, there are certain options that affected firms may choose
as a result T the r;commcnded e:fposure limit of 0.1 fiber/cc. Such

possibilities include:

o Reduce exposures through engineering controls
to the lowest leve!l achievable;

. Substitute for asbestos in the manufacturing
process by using another material;

. Switch to competitive products; and

. Abandon the asbestos product line,
It is not the contractor's intent to be able to categorically predict how
the major segments in the asbestos industry will react to the new
expogure limit, nor which industries will actually choose one of the
options outlined abofm. However, based to a major extent on infor-

mation presented i{n Chapter 5.0, general trends were observed and

some judgments can be made, It should be stressed, however, that
! r the possililities outlined above are closely interdependent. Many firms
bhave already, or are in the process of evaluating the future of asbestos

. contalning producti and thelr own market position,
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6.1 Option 1: Reducec Exposure Throuﬁh Engineering
and Work Practices

For rsasons cutlined in Chapter 5. 0, it was concluded that for
each major product segment of the asbestos induatry, it is not techno-
logicaliy feasible for industry to consistently maintain fiber exposure
lcvelq below 0.1 fibers/cc TWA. Therefore, according to the ancil-
lary requir?mem‘a set forth in the Oc‘tober i5, 1975 proposal for 0.5
fibers/cc, non-compliance with the permissible exposure limit yould
becessitate employsrs in all affected industries to provide respirators,
protectiva clothing and sbmr facilities for employees., Additionally,
all working areas would have to be dcsiguted as restricted ar eas.
Using the costs in the previous TFA /IS for the 0.5 fiber/cc limit
which were developed on a per cmploﬁec basis, the additional cost to
the primary segments of the asbestos industry is approximately

$30 million, aanually, computed as follows:

Respirators $ 180/man/year
Protective Clothing 178 /man/yaar
Showere Facilities 100/man/year®
Productivity Loss 1045/man/vear
: $1500/man/year (x) 20,000 employees

{approximately)
Conceivably, these may be over sstimated, for it may be pos-

sible for some operations within s process to maintain a 0.1 fiber/cc

exposure limit. Hewever, the contractor does not believe that the

sDased on total capital cost of $760/man and annualized to
reflect a 15 year life at 10% interest.
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entire process can achieve this lower exposure limit due to the ubdi-

quitous nature of asbestos in such facilitics. Thercfore, all employees
actively working in the process would he at risk,

Clayton Environmental Consultants did conclude that 0.2 fiber/cc
was generally achiovable for the primary manufacturers of asbesto:‘
products through implcmentation of "best technol«:g*" and strict work
practice, The single exception to this judgment is for dry-woven asbestos
textiles where an exposure limit of 1.0 ﬁbe;/ cc is considered to ve
the lowes? level achievable. The costs to achieve these levels has al-
ready been computed in the TFA/IIS vthe‘coxtractor submitted for the
6.5 ﬁbcri/ce exposure limit. However, in light of updated infor-
mation and recent on-site investigation of the progress in achieving
lower asbestos exposure levels, these cost estlmates will have to be
modified. Such chmge- have not been done to date, but the contractor
fully intends to do so in the acar future. Therefore, to prevent misia-
terpretation, the costs to achieve 0.2 fibers/cc as determined {from the
previous TFA/ IIS will not be presented in this report.

With respect to plant size and a firm's ability to achicve increas-
ingly lower ubu?os exposure limits, Claytos concludes that the contro!
technology is highly transferrable from oae firm to another aas it relates

to 2sbestos fiber control measures. This is true primarily because
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the most effective measurcs are those teghniquee which have beén tricd,
developed, proveh and rcfined over scversl ycars, In addition, the
pxojected lowest-achiavable fiber exposure, 0.2 fibers/cc, is actually
higher than many of the reported exposurc levels indicated in the con-
tractors recent on-site investigations. Such observation indicated a
cormmendable, yet generally less than best, application of available
control techniques. Therciore, Clayton concludes that any major
differences due to resource limitations among the industries with res-
pect to the timing or the gxtent of implementing controls will be offset
in part, by an exposure level ilightly greater :ha.ﬁ what con:ervativ§
Mgmws may indicate.

Finally, it is also concluded that many secondary users of asbes-
os-containing products will not be able to achieve a 0.1 fider/cc ex-
posure limit. The refacing sector of the ;ftcrmarkeé will aot be able
to attain a 0, I fiber/cc exposure lifnit. but it would be possible to
coatrol to 0.2 fiber/cc. It' is believed that the repackaging sector will
So able *o maintain 2 0,1 fiber/cc TWA, but that general maintenance
and repair shops would have trouble with a peak exposure limit between
0.1 and 1.0 fiber/cc due to the practice of blowing out brake drums.
For the secondary fabricators of asbestcs reinforced plastics, paper,

packings and gaskets, & 0.1 fiber/ce exposure limit is determincd to

be feasible, yet the associated peak exposure limit of 0.5 fiber/cc

6.4
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may be excceeded for the fabrication of textiles and cement shects.,
Clayton concludcs that a 0.1 fiber/cc exposurc limit will not be feasible
nor is it clear that any intcgrated TWA exposure below 0.5 will be
feasible because of the machining and fabriction of thesc products.

in all of the above cases whera 0.1 fiber/cc TWA, or the peak exposure
limit of 0.5 fiber/cc cannot be achizved, the employers will have to

provide respirators, protective clothing and shower facilities.
6.2 Optlon 2: Substitute for Asbestos

Chapter 5.0 and Appendix B cover in detail the extent of the
research and development efiorts to find a suitable replacement for
asbestos in various product lines. However, for this discussion, it is
important to make a distinction between substitute materials for asbestos
ina mufacmt{ng process nnd a product which competes with an asbes-
toé-containing product in the marke(, Competitive products wxu ve
discussed in more detail in Section 6.3. Almost without exception,
substitute materials have been evaluated for most of the primary as-
bestos product lines, with vdrytng degrees of success achieved. The |
most proscunced trend to replace asbestos was found in phenolic mold-
ing compounds whare it was utimaﬁd that between 50-70% of compounds
previously using asbestos have now svitcludy to other materials such as

talc, clay or fiberglass. A secead promlnlnﬁ asrea is in floor tile where
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substitutes are currently undcrgoing manufacturing trials in fnduntry

to determine the correct formulations. Reported mateiials are ccllulose
fibere and a proprietary petrochemical. It is still too early to tell
whethar these materials will perform adequately as an asbestos re-
placcxhent.

Asbestos ueage in friction materials is contingent upon the success
| d’ a -ignific‘.ant research aud 'devclopment und_ertaking ty most of the
major producers of fricfion materials to find a suitable replacement for
asbestos, This work is in progress and some success has been reportcd.
espscially with regard to "organic" brake linings ard woven clutéh
facings. However, it would be premature for CONSAD to conclude
that a substituto for asbestos bu‘ been found for friction materials.
Promising materials are on the horizon, yet a determination of when
~ both » technically and econcmically feasible substitute will be available
for the market cannot be made based on information obtained to date.

As related in Chapter 5.0, there his been extensive rcsearch
centered on fiber reinforcement for cement products which would include
both cement pipe and sheets, Development of an alkali-resistant ﬁlau
to be used in these applications has generated enthusiasm in some parts
of the cement industry, especially in England where this materials is
 presently being used to replace asbestos in cement shrets. IHowever,

there has been Jittle intersst in this country beyond the research phase
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for alkall-resistamt glass to roplace asbestos in erment products.
From the literature and conversations with industry sources, there was
no reporting of alkali-resistant glass presently being uzed in ac.tual
cement product appiications as a reinforcement. Therefore, there is
uncertainty with regard to using this material as a rephcementlfor
asbestos in these product lines.

Fibrous glass is the materiai most often identified as a substance
that could replace asbestos in many of {ts product applications. Fiber~
glass uscd in roofing felts and pipcline felts are at presen'; strongly
competing with asbestos papers in these applications. Additionally, it
may alse have further applications in certain asphalt coatings which
presently use aqbeitou. however, it is premature to judge the extent
to which such substituion may take place.

Ceramic fibers have also becen mentioned as possitle replacements
foi asbectos in paper applications, such as millboard and muifler pcper.
There are currently ceramic boards on the market which are penetrat-

ing the conveyor applications of millboard in the glass and steel indus-

trics. Replacing asbestos paper with ceramic paper in muffler appli-

cation has only been reported in the research and development stages

at this time,

Asbestos~free scalaats have been marketed recently and are

penetrating some of the markets asbestos sealants have previously had,
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Hmvet.k the cxtent of this trend is not known at this time. | In the pack-
ings and gaskets applications, there do exist substitute materials that
can replace szbestos without a substantial performance penalty in
specific applications. However, there is not ohe material that will
suffice for all the various asbestos uses in packings and gaskcts.
Porthermore, these matarials are significantly more expensive than

asbestos. Therefore, there has not been a siginificant switch to non-

asbestos gaskeis, por is there any indication tiat such will happen in
[: the near future.

For the most part, materials being considefcd as a replacement
foz asbestos aic sigoificantly more expensive than asbestos fibers.
There aic scme exceptions, such as other inorganic materials including
tale, mineral woel, clay and wollastinite. Fibrous glass in the majority
of applications where {t is considered as a substitute are oa the order
L' of 2-5 times as cipensivo as the asbestos m?en used in these applica-
tions. There are also ﬁo “high-priced" materials such as ceramic
fibers and graphite which range from 10 to 100 times more expensive
than asbestos on a emraﬁvo basis. Of course, raw material costs
. make up oaly a part of th; end-product price. Nonetheless, it is fair
to state that by substituting for asbestos in most applications, the end

price of the product will be increased.
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Another major concern in cvahuﬁng the potential to substitute:
for asbeston is the avrilability of obtaining sufficient quantitics of
a!zcrn.xt!‘ve materials. A case in point in exemplified by fiberglass
which wae noted as a possible replacement for asbestos in certain
applications. Due to the recent emphasis on energy conservation by the
President's Energy Plant, which stressed the need for home insulation,
the demand for fiberglass apparently will increase substantially in

‘ _
the coming months. Sbme indus‘ry sources question the ability d the
fiberglass manufacturers to keep up with demand, especially if fiber-
glass continues its penetration into the roofing felt and pipeline felt

markets. CONSAD does not have any specific data to support this con-

tention; however, it is possible to concede that in the short-run, a

scarcity of fiberglass could develop. In the long-run, the sconomics

of supply and demand would prebably ensure that a :uffiéient supp.ly of
fibeiglan could be made available.

A final note on substitutes should be made. The use of asbestos
in insulation has almost cezsed to exist. The heal:h hazard studies by
Selikoff in the 1960's pointod up the problems associated with asbestas
in thgu applicati'om. The makers of these insulation products began
research and development efforts to find a suitable replacement for
asbestos. Apvendix A, as noted praviously.bpruentc a case study of

Johns-Manville's effort to roplace asbestos in their molded calcium
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gilicate inaulzxtioh preducts. Fiberglass has been utilized in ct!xcr
insulating app;lications, thus reduciné the asbestos consumption for
these products, Furthermore, the Environmental Protection Agency
bas bannod the use of asbestos in spray-on insulation applications.

Therefors, for all purposes, astestos is not to be found in most insu-

lationn materials,

6.3 Option-3: Switch to Competitive Products

A 0.1 fiber/ce exposure limit would alsc impaet the nsers of
. . 'ubdctolocomaining products bj requiring engineering to control ex-
I' v posures, monitoring, medical surveillance and other ancillary require-
I mants, A,' a general rule, where a non-asbestos product competes on
a comparable cost/performance basis with an asbestos product, it will
gain increasing share of the market, Several cases point this out.
Wich respect to sewar pipe, polyvinyl chloride pfpc has demonstrated
good performance and low cost especially in the smaller diameter pipe
size., It hao gained wiZespread acceptance in this market at the expense
of the other pipes, including A/C pipe. In another instance, fiberglass
roofing feits are penetrating the build-up roofing market in which both
ergzaic and asbestes felts have been competing in recent years., Be-
cause installation of fiberglass roofing is cheaper thar comparable

asbestos instllations and the performance characteristics are similar,
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it ie anticipated that ashectus felts will lose some of its market share
to fiberglass. Additionally, fibcrglass felts are also a strong compct-
itor to asbestos pipeline felts.

Over the last few years, asbestos textile products have been
iosing their share of the market in dryer felts and protective clot.hing‘
and maintenance cloths, Synthetic fabrics, vsuch as nylons and the new
‘aramid ﬁbcx"s. ‘Nomex" are the major caus?s for this shift. With
implemenu;ion of a 0.1 fiber/cc exposure limit for asbestos-containing
yroducti. this trend may be exaggerated. The replacemcnt of a;bestos
t_cxtllu in friction materials (¢.g., woven brakes, clutch facings) is
contingen: upoa the research and development effort currently under-
way in this segment of the {ndustry, as described in the previous
section,
| The major end-use for --bécto--conulnigg products is the cos-

struction industry which accounts for approximately 707, of the totzl
U.S. asbestos applications, Even under strict cnfbrcement of the
current 2 fiber/cc exposure limit, certain asbestos products that
release dust during fabrication or installation may find less acceptance
in certain areas. Compliznce with the varicus ancillary requirements
“"" monitori#g. medical surveillance, record keeping, etc.) may
prove to be costly to construaction contractors and may force some

of them to switch ¢o pon-asbestos products. Of course, there are
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zertain asbestas-containing products that do not releasc significant
amounts of asbestos fibers and thus, would not be affected. These

ro: vimyl-2zhestos floor tile, resiliant shect flooring, and fibrated

asphlat coatings. Little asbestos exposure is observed for A/C siding

or shingles, since these products are usually pre-cut at the factory

| and simply nailed-up, boited, o= screwed into place.

However, othcr asbestos products that do release fibers upon
installation would probably be affected. These include: asbestos
cement sheets, roofing feits, and probably A/C pipe. Fer example,
asbestos-cermnent sheets are now used as wall or roof panels afmmd

chemical processcs where resistancs to corrosive vapors is required.

Some fibers are released in field installation because of the necessity

to cut the pancls to size. However, the product is so unique in this
appiication that there apparently would be contractors who would choose
to control exposures and comply with the various requirements concern-
ing the use of asbestos products. The sitnation is not the same with
regard to decorative A/C sheets whick compete with mrny other tyves of
panelizg. Relcase of fibers during‘ installation and the assocziated

OSHA requirements may indeed force most contractors to switch to
other matarials, thus avoiding the "hasslie’ accompanying the asbestos
product. Therefore, it could be anticipated that the market for A/C

shects would docline under enforcement of the current wtandard with

6.12
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the trend beirg exacerabated by lower exposure limits of 0.5 or 0,1
fiber/cec. A similar situution cauld cxist in the bd!’.-up roofing market,
if contractors !ndv to comply with the mcilh;-y requirements of OSHA
standards for bandling these asbestos products. This circumstance may

accelerate the trend towards fiberglass Huilt-up roofs.

6.4 Option 4: Abandon Asbestos Product Line

This last option, to abandon the asbestos product line, represents
the most extreme measure that varicus manufacturers of asbestos

products could take. It is very difficult, if not impossible, for CONSAD

to predict which products may be abandoned as a result of further re-

ducing asbestos exposures, Individual firms have made this choice in
the past due to the uncertainty of their market, profitability and other
considerations. The asbestos tex:ile industry represents a case in

point in which ealy three domestic producers of asbostos textiles remain,
Lower priced {oreiyn i.méorts luvcv undes cut domestic made

ssbestos textiles which find it increasingly hard to compete., In 1975
National Gypsum closed two asbestos-cement sheet plants presumably
due to an inability to j\ﬁstity further expenditures for asbestos dust
control equipment. The advent of fibergiass roofing felts may so

sericusly erode asbestos felt roofs that some firms nay opt to terminate

6.13




making asbestos prodacts and switch to fiberglass. HMver. this
transformation involves a completely new change in process and is
very capital intenzive., Finally. if the present trend tov)ards PVC
small dlameter sewer pipe continues, A/C pipe along with the other
competitau (i.e., vitrified clay and concrete pipe) may find their
marketp doelining, This may {orce a cét-back in A/C pipe for sewer
applications, Both Johns-Manville and Certain-teed make A/C

and PVC pipe, sc that a decrease in production of A/C sewer pipe
may be compensated by increasing PVC pipe orde‘rs. However, of
the four A/C pipe producers reported in last years TFA/IIS for
icbutos. only Johns-Manville, Certain-teed ;nd CAPCO nmii.n.

Flintkote will close its A/C pipe plant at Ravenna, Ohio if no one

buys it.

6.16

s g wrm—— ———"p CR*MC-M&S-O()2913 -

o “ i
,!\ e



7.0 FEASIBILITY OF MONITORINGC ASBESTOS

IN THE WORKPLACE ENVIRONMENT IN THE
0.1 - 1.0 FIBER/CC RANGE

7.1 Background and Objective

In October, 1975, the Occupational Safety and Health Administra-~
tion (OSHA) proposed & reduction in the permissible limit for asbestos
expogure 20 9. g fiber/cc for an 8-hour time-weighted average exposure
(fibare > 5 #m in lengfh), The pzopéul also included a correspond-
ing reduction in the ceiling exposure limit from ten to five fibers/cc

as determined over & period of up to 15 minutes.

-

In December, 1976, the National Institute for Occupational Safety
and Health (NIOSH) recommended to OSHA that no worker be exposed
to an airborne concentration of asbestos in excess of 0.1 fiber/cc on an

8-hour time-weighted average basis and further, that no worker be

€'
|
5‘
£

exposcd to peak concentrations in excess of 0.5 fiber/ce based on 15-
minute sampling periods.

An extremely important aspect of these proposals concerns the
feasibility of monitoring asbestos exposures in the workplace at air-
borne concentrations below one fiber/ce. The suitability of any monitor-
ing method associsted with and incorporated within an exposure standard
is fundamental in at least two basic respecte, First, a8 environmental

standard has meaning only if airborne concentrations can be mcasured

7.1
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reliably so that quantitative indices of exposure have 38 common, widely-
accepted, well-understood meaning to all interested parties -- health
agencies, industry, the work force at risk, indeed the zeneral lcicntiQ
fic community, This {s a fundamental concept that applies in the
promulgation and application of any standardized measuring method,
and it certainly applies in the case of the sampling and analytical
mc&odology.ucd‘w document worker axposures to airborne asbestos
in the eccupational “ttiné. |

Sscondly, in the context of this study, the asbestos monitoring

method has special meaning as it relates to the technological feasibility

a;nd economic impact of the preposed szpoaurc' limits. Technological
feagibility and economic impact are closely related in thu sense,
especially with respect to the number of samples to be taken and the
length og sampling and analytical times associated with measuring the
workplace envirenment to (a) judge compliance with the proposed
standard and (b) fullm the on-going monitoring requirements set forth
axplicitly in the proposed rulemaking.

7.1.1 The Role of Monitoring

The Occupational Safety and Health Administration's notice of
proposed rulsmaking in the Federal Register of October 9, 1375, states
in Paregraph E... "The purpose of all monitoring required by this

paragragh is to measure accurately the airborne conceatrations of

CRMC-M&S-002915
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asbestos fibers in a workplace to which employees would be exposed

if they worked in the arca without use of personal protective equipment
such as respirators. Monitoring shall be performed in a manner
iusmbly calculated to satisfy this purpose, "

i‘ho proposal also specifies initial monitoring by every employer
where asbastos fibers may be released, and, in those cases where
exposures axceed the limits proposed, monitoring must be repeated
every month except where two consecutive mouitorings made at least
five deys (but not more than three months) apart show employses’ |
exposuree to bes bslow both limits, In this instance, monitoring need
not be repeated except for those operations where modifications in
production, process coatrols, or athor'nlevant !actbn would ''lead
the einployer to believa™ that an employee's level of exposure may be
above the limits prescribed,

The recommsnded sampling and analytical method set forth in
the proposal is the "USPHS/NIOSH Membrane Filter Method for Eval-
uating Airborne Asbestos Fibers', a draft report by Nelsoa A, Liedel,
Stephen O, Bayer, Ralph D, Zumwalde, and Kenneth A, Busch, investi-
gators within NIOSH, h

7.1.2 Criteria for 8 Monitoring Method
The basic requirements for any monitoring method used to docu-

ment snvironmental exposure include the following:

CRMC-M&S-002916
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° Specificity - the extent to which the method can
specifically identify the material of interest - ia this
case, asgbestiform fibers,

Sensiiivity - the degree to which the method can be

- used tc characterize very low concentrations of
fiders in air and, in that sense, the lowest {easible
concentration of fibers which can be documented
veliably with the procedure.

Aczuracy - the extent to which the method provides
8 true estimate of the concentration of asbestiform
fibers of the diameter and aspect ratio of interest
present in the air and represented by the sample.

N Precision - the extent to which the measurement

can be reproduced with reference to a single invysti-
gator and different investigators analyzing the same

sampls,
These criteris have gpecial mesning i the case of ssbestos because
of the evolution of 8 monitoring method -- namely the NIOSH method --
where serious concern has been expressed with respect to bau of the
criteria identificd abovs. These coucerns will surface throughout this
report and to that extent, they can be used a8 a thread of continuity
tshtinj this disucesion to the technological feasibility and econcmic
impact of the monitoring aspects of the proposed rulemaking,

71,3 Purpose
The purpose of this amalysis is to examine the feasibility of ‘

monitoring airboras asbestos in the workplace eavironment in the 0,1 -
1.0 fiber/cc range., This exzmination includes a critical review of

current monitoring practices as they relate to those procedures

7.4
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associated with the proposed standard and a discussion of critical issues
yet unresolved with respact to the specficity, sensitivity, accuracy,

and precision of alternative sampling and analytical methods, generally,
and the NIOSH monitoring method stipulated in the rulemaking, speci-

fecally,
7.2 Summary and Conclusions

With all its shortcomings, the NIOSH phase-contrast method is
the only mionitoring technique for asbestos that can be used routinely

and widely at a reasonable cost, Despite its limitations in specificity,

- sensitivity and precision, this method has been used in conjunction

with the more recent epidemiological studies on occupatioul exposure

to asbestos. Any change in the method for moritoring ubntoi must -
be coupled with 2 ¢.rrospoading review and reevaluation of the epidemio-
logical data bage.

‘Thé NIOSH monitoring method can be used to mcam’re asbestos
coucqhmtion: at or below those levels stipaulated in the proposed rule-
making. Nevertheless, only a certain combdination of sampling pumps
and uﬁcroncépca'cau be used to achieve an acceptable range of surisce
fiber density on filter samples. |

The precision of the NIOSH method has vrot baen defined adequately

-~ gualitatively or quantitatively -- 80 as to include the random errors

1.8
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associated with all components of the total sampling and analytical

process. The published NIOSH assertions concerning precision of the
method are not consistent with the ''total coefficient of variation' for
athar NIOSH monitoring methods, It is our judgment that they under-
estimate the coefficient of variation in 2 likely-sigaificant, still-

undetermined manner,
The n}pﬁn!y iarge confidence interval agsociated with measured

airborne concenmtrations detracts from the meaning and conclusivéucu
of estimated exposures at low levels. This relative 'mprecision
becomes increasingly important at decreasing concentrations. The

magunitude and impact of this problem canaot be measured exactly uatil

thi relationship bstween fiber counts on a given filter and coefficient

of variation {CV) is dcﬁmd empirically in.a rigorous manner. Based
upon oar best estimarz of the precision of the NIOSH moaitoring method
at concentrations at or below 0.5 fiber/cc, the determination of
compliance or noncompliance with a standard in this range will be diffi-
cult and will likely require counting large numbers of {ibers on samples
with low surface fiber densitise, Ever under such conditions, the
eonclusiveness of exposure ¢stirnates in thie range of conccnirauom

must be qualified due to the high degree of statistical uncertainty,

7.6
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7.3 Alternative Analytical Methods

The following partugraphs prescnt brief summary comparisons
of the various analytical mcthods used to measure astestos, For more
detailed information, reference is mnde to the latest NIOSH relcase
on the subject "Revised Recommended Asbestos Sitandard, ' NIOSH
Publication Number 77-169, Dcccrt.zber 1976,

7.3.1 Light Microscopy

The curset, inudard asbestos monitoring method -« that ‘
sadorsed by NIOSH -- for quantifying occupational exposures is the
‘visual counting of fibers on membrane filters using phase-contract
>m1eralccpy. The air to be sampled is drawn through a cellulose
acetate membrane filter at &2 known flowrate and sampling durazion,
The filter is then uéctimd, placed on a mlcx;oscope slide, and rendered
transparent by an ester-based mounting mcdium; The sample is
examined at & magnification of 400 to 450X using phase-coatrast illumi-
nation and a standard reticle. The mumber of fields of the reticle to
bs evaluated varises from 20 to 100 or more for each sample, depend-
ing upon the dust loading. The technique requires considerable train-
ing, skill, and patience, and ie thus subject to operator error,

In comparative evaluations of possible alternative methods,

specificity is a glaring weakness of the phase-contrast method and &

7.7
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distinct advantage for most other techniques such as X-ray diffraction

3 and eleciron microscopy,
It is virtually impossible to agsess the "accuracy’ of the phage-
contrast method, that ig, its capability to estimate or measure at or
: very near the "actual" lavel, because of the extreme difficulty in
i | ‘ generating knowrn concentrations of asbestos {iber for ""calibration'

o~ parposes,
t
7.3.2 Electron Microscopy

[ ) v ;  Electrom microscopy has great advantages over light microscopy
in terms of higher resolution. This permits derivation of morphological

information which can be used for positive identification of asbestos, i

% o For instance, chrysotile fibers exhidit characteristic center channels,
and most asbestos fibers break in a rﬁsnncr such that the ends are
fairly characteristic, However, these effects are not sufficiently
specific to provide positive identificaticn in all cases, making additional
characterization necessary, This may include X-ray fluorescence and
selected area electron diﬁrtcﬁbn technigues,

In scanning clectron microscops (SEM) analysis, filters are
first vacuum costed to make them conductive., The frequency of fibers
that >dupuy X-ray fluorescence characteristic of asbestos ars then

mrasured sgalnst standariis,

.8
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The transmissica electron microscope (TEM) coupled with

selected arca electron diffraction (SAED) represents a powerful ana-

lytical tool for albestos deurmhutimi. in cases where diameters of

the ibers can vary over a wide range, SEM is preferable, The TEM

is unable to cope umﬁctorﬁy with & wide range of diameters.

A Although electron microscopy offers the advantage of achieving
po-itiv_n. accurats ideatikicttioa of any crystalline fiber by its el;ctron

- diffraction p;tsern. with good sensitivity, the analysis tiine is rela-

! tively long. Processing timc‘typicauy exceeds four peuon-houfn per

sample. The required instrumentation ig also prohibitively coa;.ly for

o widespresd, routine usage.s |

7.3.3 Infrared Spect:omctq

A tcchaiquo based on the absorption of infrared radiation (IR) at
2,72 gm wavelength has been reported in the literature, ) This
sbeorption is associated with the stretching vibration of hydroxyl
gioups bouand to the silicate structure and is well separated from the
absorption bands that are due to water, Altﬁou;h water does not inter-

fere in the analysis, & large number of common minerals such as

sElectron microscopy instrumentation with elementsal analysis
capability cost roughly $250, 000 as compared to $1,000 for the phase
contrast method instrumants,

7.9
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aonfibrous serpentines, clays, mléu, and talc can be expected to give
khlu poeitive signals and may mask the chrysotile peak, The infrared
techniqae is fairly sengitive, and may be uscf:l in certain low-inter-
ference enﬂronmeats. It also has the advantage of being relatively

> simple and rapid,

| ' 7.3.4 X-ray Diffraction
Dust samples collected on a filter or impaction surface can be

t identifisd and quantified by characteristic diffraction patterns whicn

i resuit from X-ray scattering by the crystalline compounds in the
sample. Diffraction angle and intensity, respectively, ea : bs used to
l ' identify acd quantify the asbestos in the dust sample. Sensitivity is

marginal, and morphological information is virtually nonexistent, Not-

X

withstaading its sensitivity, the lack of interferences and the adapta-

v e o
.

: . bility to automated opsration make this method attractive.

7.3.5 Dispersion Staining
: B bas been proposed that the cutsr M;(OH)Z surface of the
" asbestos fibers might be stained with a selective dye after sample
collection and the asbestos then be estimated by spectrophotometry or,
P . alternatively, be more easily couated optically because of the enhanced

contrast.
!
: Dispersion staining is one of the most promising techaiques for

-~

fiber anaiysis, 1 ls not significantly more expensive than the phase

%
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contract microscopy, but offers the advantage of specificity. The

equipment is ot orach diiferent than that used for phage contrast

methods, however, this technique requires somewhat more operator

training .

7.3.6 Thermoluminsscence

Thcrmoluminescence {(TL) {s the characteristic luminascence
emitted by a stressed material as it relaxes when heated, X or gamma
radiation iz most often ‘thc enargy sercc used for including the stress.
Subsaquent heating of the maﬁrial releases some of the absorted energy
in the form of uitraviolst or visible light, TL data are commonly pre-
sentcd in the form of a glow curve with luminc'occnt intensity exposed
as a function of tempersture, Temperatures at which peaks occur in
the glow curve and the wavelsngth of the luminescence are related tc
structural imperfections in ths material. If sufficiently characteristic,
the glow peaks can be used to identify the material., Differential
thermal analysh has not been uud for environmental umplﬁ as lower .
limits of mass dcaectidu are mrouiciy p&o:. ‘rb,ia‘ technique, like

X-ray diffraction, is not capable of differentiating between asbestos

fibers and their nonufibrous mineralogic polymorphs,
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7.4 NIOSH Asbestos Monitoring Method

7.4.1 Historical Developmnent
The first published version of the membrane f{ilter method, as

used by the former Division of Occugational Health (USPHS), was that
of Edwards and Lynch in 1968. ) Bayer and Zumwalde of NIOSH
sssembled a more detailed nnioﬁ of the membranse filtercount method
in 1972 based on material prepared for use in 8 NIOSH training course
covering sampling and analysis of airborne ashestos dust. (4) Leidel,
Bayer, and Zumwalde prepered a mére detailed version of the method
in 1973 for submittal to the American Socisty for Testing and Materials
Committee 122.04."! This report was also used in NIOSH training
TOIATBEB, "but wap mever formilly pubdlished by NIOSH, The 1973 report
contained the first NIOSH estimste of the mathod's precision on the
basis of a limited study pablished by Conway and Holland in February,
1973, (%)
Severel subsequent drafl versions of the NIOSH m-hduu report
»ham been circulated informally, although no {inal report has be‘c‘u
published to date., In late 19735, after the publication of the OSHA-pro-
posed reduction in the asbestos standard, Leidel ot 21, of NIOSH once

agsin revised the asbestos-count method, ™ The latest in<house draft

‘of the NIOSH method known te CONSAD/Clayton is that dated June, 1977, ¥

712
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7.4.2 Scope and Summary of NIOSH Method

membrane filter by mcang of & battery-powered personal sampling
pump. After sampling, the {ilter is transformed from an opaque, solid
' membrane to & transparent, optically hompgonous gel. The fibers are o

sized and counted by phage-contrast microscopy at 400 - 450X magnifi~

. cation, .
This method considers only {ibers with a length to width ratio of

' 3-to-1 or greater and a length greater than five micrometers. Thus,

! it io intended to give an index of exXposure 1o sirborne asbestos fibers

.

of specific, yet limited, dimensional characteristics.

The method has bcen successfully appiied using 37-mm Millipore
AA filters sad small battery-oparated pcnouai gampling pumps at
flowrates of 1,0 to 2,5 liters per minute {1pm) for time periods of a

few minutes to 150 minutes over a concentration range of 1 to 20 fibers/

¢
E‘
f
B
:

cec., lLarge deviations from these conditions can result in samples ivith
either too few or too many fibers, which can yiseld air coxcentration |
estimates of low statistical precision and accuracy,
7.4.3 Applicstion of NIOSH Method at Low Concentrations
The feasibility of meaitoring alrborne u&stcc levels in the
| workplace .at very low ccnccnt.ntiou (below 1,0 fiber/cc) dopends

heavily on two important charactsristics of the sampling and analytical

7.13
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method: semsitivity and precision. Sensitivity rclates to the sampling
time, pump flowrats, &nd counting procedure needed to determine
fiter concentrations at or below the prescribed concentratioa limit,
whether it be 0.3, 0.2, 0.5, or soms higher level. The certainty of
decisions resulting from a comparison of measured concentrations
with the presceibed limit {s reflected in the variation or precision of
the sampling and analytical method based on its random errors.

7he empirical pr;cision of the i:hue contrast method pnnnu
the crux of the problem with the NIOSH monitoring method, The
+ounfidence level attached to an environmental measurement, including
asbestos concentrations, depends greatly upon’ the ability of an invecti-
gator using & standard method to obtain reproducible results, In

genaral, this guestion has been overlooked to a great extent until the

recent past when the question of compliance and/or noncompliance has

become more important. Such determinations now must be tested in

a legal ssuse with the rusult that methodology and analyses mist become
more defendable, and therefore, more rigorous. Phase contrast
counting of ashastos fibers is nctoriously troublesome with respect to
reproducibility, and in the heightened concern over the movement
toward & redustion in the asbestos fiber etandard, the precision (or
imprecision) of the sampling snd snalyticul techniques as a whole must
bo rocognized fully,

7. 16
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In recent years, NIOSH has conducted and published statistical
research on the types of variation affecting occupational health related
environmenta! monitsring enethods. Leidel and Busch have developad
procedures that desceribe the calcu.hﬁon of confidence limits for the
troe airborne conccntfatim of & contaminant. (9 In 1975, these investi-
gators published recommended procedures in a NIOSH report for the
collection and evaluation of sample results to determine if the state of
noncomplisnce with an oceupaticnal health standard exists. (10)

Tae NIOSH monitoriag method is best suited for a filter surface
~ fiber density in the optimmm zone of one to five fibers/field, For
typical conditions, with am exposed filter area of 855 mmz and a field
area of about 0,003 :nmz. this meansg that the optimum sampling
arrangement would ricld at least 285,000 fibers during the urﬁpling
period. I the true airborme fiber concentration were 0,2 fiber/cc,
this means th‘it an optimum sample volume would be about 1425 liters.
At a typical flowrate of 2.0 liters per minute, this correspoads to 2
sampling time of about 700 minutes. Therefore, by NIOSH's own
description of the prochmm. the method must be modified to sxtend
the "optimum' su:uco fider density range bolowvouo fiber per field to
be compatible with even hll-ih’sé?t {8-bour) sampling using couﬁnﬁoml

sampling equipment.
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The NIOSH draft method of November, 1975 (that published just
after OSHA proposed 2 reduction in the standards) statcs ''the optimum
fiber density should be one to five fibers per microscope counting
ﬁdd."n’ In the latest drait method {(June, 1977) the acceptable range
of surface fiber density has been extended, but without any rational or
documentation to support sdch @n'extonnion. The latest draft states
"feasible counting conditio:u may extend down to about 0.1 fiber/field
and up to S.(; fibers/field, n(8) The impression is given that the range
was ertended downward to 0.1 fiber/field to accommodate the proposed

seducitions in the standard to 9.5 fiber/cc and below,

7.5 Statistical Interpretetion of Monitoring Results

7.5, Sources of Error and Measures of Precision
The latest dra{c of the NIOSH method presents the NIOSH inter-
pretation of the mijor souarces of variation in the procedure. (8) The

following table summarizes that interpretation.

The relative variation or dispersion vof a normally distribution
data set (such as the random variations in a sampling and analytical
procedurs) is commonly measured by the "coefficient of variation (CV)',
The CV ls also known s the relative standard deviation. R is calcu-
lated by dividing the standard deviation of the data by the arithmetic

average. The CV is & useful pasrametar of dispersion in that limits
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Source of Variation

Possible Causcos and Nature

3.

3.

fotrafilicer (consliscing of
{aterfiald within & vadge
and faterwedge withia a
gilcer)

fagtececounter

x:cntftitct {within
gincltanecns semples)

iscerliabotatery

EBavireoamencal

The counting procedure oaly “sam-
ples" and estiwmates the filter
surface fidor density. Random
variaci{ong wi{th some likelihood

of small systematic biascs betwvaea
wedgos whici. can be 2reated as
candoa.

8ome random varfati{ces exiet, but
éifferances are’ primarily system-
atie duc to i{improper Ctreining,
‘lack of experience, sttitude, poor
visusl scuicy, or ao qguality con.
trol progrewmn.

Rendow vsristions due te rasedom
fiuctustions ({a puap flovrate.
systematic bisses dus to fmpyroper
puap ecelibdbration.

Syastaastic varietions due te éif-
ferences in microscope qualicy

oed specificactions, tmproper afcro-
scope adjustment, ceunter trainisg,
or {mproper spplicatien eof the
eethed.

Both rendoa varistiens ead gyscem-
otic bdisses due to coscentratiocs
ehengas in time a2sd spsce.

counsisting of the true mean of a data set, plus or minus 1,645 the

standard deviation, will contain about 90 percent of the data measure-

ments, This is & rough spproximation that depends on the aumber of

data values from which the mean and standard deviation were calculated,

Correspondingly, if an analytical procedure with 2 known CV of 0.20

were used to measure repeatedly some f{ized physical property, then

about 93 percent of the measurements would &ll within plus or minus

40 percent (twice the CV) of the true concentration, assuming an

unbiased measuring ;;rocodun.
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Tho most critical issues in the feasgibility analysis for the NIOSH
moaitoring method and its intended application are (1) the definition of
"ecoefficiant of variation" ag it relates to the monitoring method for
asbegstos, and (2) the value oi CV for the method as it affects sampling
and analytical time and the corresponding expenditure of resources.

For some -- yet unexplained -~ reason, it is NIOSH's position
that the CV for the asbestos count method should measure and include
only the net variation associsted with the sources of a rand»m error | ;
described above, Qbviously, however, the coefficient of variation
claimed by NIOSH is based oa oaly aom§ of the random errors encoun-
tered during the analytical method. Other NIOSH methods included in
the Standards Completion Projects, for cumple; include methods for
which the coefficients of variation have been based upon umplingi;nd
analytical erzore.

NIOSH has maintained coasistently, throughout its reports and in
the record, that its recommended asbestos monitoring procedure? can
"adequately and confideatly’ monitor and describe compliance \vith the
OSHA -proposed ashestos standard of 0,3 fiber/cc and the NIOSH-
recommended level of 0.1 fiter/cc. Based upon the evidence and the
record, howsver, it seems clear at this point that the coefiicient of
variation for the asbestos moaitoring method using the NIOSH-proposed

technique has iwt been evaluated in a rigorous way that can be supportod
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by even the various, scmi-objective scientific interests that surround
this issue. Further, it is Clayton's judgrmont that the NIOSH cozfficient
of variation estimate of 0.24 is too low because it is incomplete,

The resolution of this question will depend upon: (1) agreement
concerning the definition of coefficient of nrhtioi as it relates to the
asbestos monitoring method, and (2) the timing and quality of a care-
fally designed study that ‘vm measure the various relevant compbnenta
of variation in the total sampling and analytical process. It does scem
mo@mﬂe. in the meantime, that as 8 minimum coniidention, the

 definition of CV be consistent with the definition used in the develop-
ment of other sampling and analytical methods, specifically the defini-

tion of coefficient of variation associated with other NIOSH-proposed
sampling 2nd analytical methods.
7.5.2 Determining Compliance and Noncompliance

NIOSH hee proposed a procedure for determining compliance
or moncomplian-a with exposure limits using werkplace sampling
schemes of the following variations: (1) single eight-hour sample:
{2) several congsecutive samples totaling eight hours; (3) several consecu-
tive samples totaling less than eight hours; and (4) gradb samplas. 9
The calculational procedures useful for determining compliance in the
cﬁnplclt of these sampling schames are describad brisfly below, to
fliustrate the critical nature of the coefficient of variation of the

sampling and analytical methed,

7.19
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Terms and Abbreviations

The sirborne asbestos fiber concentration estimated by counting

ons wedge of the filter sample is calculated as follows:

ac » [JEB/EL) - (BFB/BFL ECA
' 1000 (FR)’ {aTy (MFA)

whera:

AC = Airborns fiber concentration, (fibers > 5 am)/cc.

"

BFB = Total number of fibers counted in the BFL fields
- of the blank (control) filters, fibers >S5S am,

BFL = Total number of fields counted on the blank (control)
filters, ‘

ECA = Effective collecting area of filter, mmz.
FR = Pump flowrate, liters/min {(1pm).
FB

s Total sumber of fibers counted in the FL fields,
fibers >S5 am.

FL = Totnl sumber of fields counted on the filter,

MFA = Micxotcopo count field area, mm {(generally 0,003
ts 0,006),

4T = Sample collection time, minutes.
Other terms useful in describing the statistical methodology include:

CV = Coefficient of variation for a8 sampling and anzlytical
mathod at conditions characteristic of a given mea-
suremens,

ICL = lLower éonﬂdoncc level for AC (normally at 95%
significance with statistical coafficient of 1. 645),

fibexre > % pm)ice.

7.20
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SE

STD

UCL

4

¢ Standard error of TWA = (d v ')
= Exposure standard, (fibers >5 sm)/cec.

= Tims-weighted average fiber concentration,
{fibers > S sm)/cc.

= Upper confidence level for AC (normally at 95%
significance with statistical coefficient at 1, 645},
(fibers >S5 um)/cc.

s TWA variance based on N samples (SEZ).

Procedure for Single, Full-Shift Samoling

1.

2.

3

Obtain AC and CV. AC is the estimate of the airborae
fiber concentratica ({/ee) ealeniated from the tatal
fiber count (FB), CV is a function of total fibers
countad (FB). Because values of CV are not defined
adequatsly, reference is made to the general
expression:

CV e { (FB)
Cslculate LCL or UCL:

« Compliance officer's test for noncompliance.
LCL (95%) = AC ~ 1,645 (CV) (STD)

o Employer's test for compliance.
UCL (95%) = AC ¢+ 1,645 {(CV) (STD)

Classify exposurs estimats:

o Compliance officer's test for noncompliance.
i LCL > STD, conclude "noncompliance™
i AC > 8TDond ILL € STD, conclude ""possible

noncompliance'
i AC € 3TD, no statistical test for noncompliance

is noeded

« Employer's test for compliance.
if UCL < STD, coaclude '"compliance"
i UCL > 8TD, conclude “possible noncompliance”

7.21
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Example:

1. An airborne asbestos fiber level of about 0.2 f/cc
wag suspected, A phase-contrast microscope with -
- & count field area of 0,003 mm2 and a pump calibrated
for 2.0 lpm are available, When a {ilter wedze was
counted, the total fibers counted in 100 fields was S8,
No fibers ware found on the blank {ilters, Assume
{for puczposes of illustration) that CV = 0.4 for 58
fibers and STD = 0, 2.

AC = 58/100) (855) . 20,17 £f/cc
(1000) (2) (480) (0.003)

2. LCL (95%) = 0,17 - (1.645) (0. 4) (0.2) = 0.0%
UCL (95%) = 0. 17 + (1.645) (0.4) (0.2) = 0,30

3. Since AC = 0,17 is less than 0,2, 2 coaclusion of
"moncompliance’’ is not warranted,

Since 0. 30 (UCL) exceeds STD, an employer should
conclude ''possible noncompliance'’,

Although these calculational procedures are similar, yet somewhat
more complicated for other sampling schemes, such as consecutive
sampling and grab sampling, the parameter CV remasine a crucisl

aspect of the statistical interpretation of monitoring resulte,
7.6 Feasibility Analysis

Both the techaical feasibility and costs ¢f mornitoring airborne
asbestos ia the workplace with refersnce to vory low exposure limits
(<1.0 fiber/cc) depend on the incremental sod overzll feasibility of

esch stage in the sampling and anslytical procedure. Two basic
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characteristics determine such feasibility, however, the sensitivity

and precision of the moaitoring inethod.

7.6, 1 Sensitivity

The importance of seasitivity in this context can be examined by

ooking at the logisticzl and calculational steps needed to sample, count,

and compute fiber-concentration estimates at or below the prescribed

exposure lin}its. Minimum detectable fiber concentrations derived

from phase-conirast microscopy dep&nd dizectly o2 sample volume,

microscope field area (MFA), number of fields counted, and the

presence of absence of nonlibrous particles, Theoretical minimum

~ detectable concentrations can be computed by assuming one fiber >

% um in longth is observed in 190 coﬁnting fields. Ata iampung flow-

rate of 2,0 Ipm (FR), using an exposed filter area of 855 mmz (ECA),

these data cau be expressed as follows:

Sampling Period

Minimum Detccteble Eiber concentracion
(fibers > Sum)/cc)

(minutes) MFA = 0.003 mmé | MFA = 0.005 mné | MFA » 0.007 na<

15 0.10 8.06 0.04

30 8.0% 0.03 0.02

é0 0.02 6.0} 0.01

$0 8.02 8.01 0.007

120 6.0} 0.0087 0.00S

240 0.008 0.008 0.00)

380 0.004 0.002 . 0.002
480 0.003 0.002 0.001

.23
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The NIOSH method, however, calls for the analyst to count no less
than 10 fibers or no less than 20 fields., At very low concentrations,
therefore, the route to adequate sensitivity using the NIOSH method is
to count enough fields to reveal at least 10 ficers after discounting the
control gr.riple. This can be done &t 2 higher time expeaditure, only
if encugh fibers bave been collected on the filter sample.

Today's state-of-the-art in personal sampling equipment for docu-
menting \vérkpuca cxpéauru provides wide accass to sampling equip-
mcnt‘vhich operates in the range of 1.5 to 2.5 liters par minute.
Because the membrane filter used for sample collection in the NIOSH
method has a relatively large resistance (pressure drop), sampling
pamps typically run at a rate of 1.5 to 2,0 liters per minuﬁ. although
soms configurations may be available at higher rates, uui:h\ as 2.5
liters per minute,

Suppose a peak exposure of 0.5 fiber/cs or more is suspected
for ghort periods up to 15 minutes. Using a calibratad pump at 2.0
ipm, aa industrial hygienist samples the breathing :,o:‘; of the worker
for 15 minutes using a 37-mm membrane filter., Assume this
laboratory uses a phase-contrast microscope with MFA = 0,004 mmz.
The filter collection area (855 mm?) contains about 214, 000 fields.
The 30-liter air sample will contain 15, 000 fibsrs if the concentration

(AC) i2 0.9 fiber/cc. The surface density of fibers in the sample will

- -

e gy TPIg r'ed)
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be 0,07 fiber/field, however, somcwhat lcss than the lower bound of

 the acceptable range, 0.1,
L ‘ The following table shows the surface fiber density achkveyablc
ueing various sampling/analytical configurations for a 37-mm filter

&gnd a 15-minute sampling period and airborne fiber concentration of

0.5 fiber/cc.
Flowrate Surface Fiber Density Achievable (FB/FL)

(1p=) 0.003 0,004 uFAofSZZ) 0.006 0.55;
1.3 8.06 6.035 0.07 0.08 0.09
2.0 6.65 0.07 v 0.09 0.11 0.12
2.3 8.07 6.09 6.11 0.13 0.135
3.0 0.G8 0.11 0.13 0.16 0.18
3.3‘ .09 6.12 0.13 .18 OV.II-

This table shows clearly that only a certain cémbtnatiaa of sampling
{(oump) and amalytical (mic’ro-copc) instruments can be used to achieve
a8 minimum surface fiber-density of 0.1 fiber/field for 15-minite
sampling with reference to the NIGSH-proposed ceiling concentration
of 0.5 fiber/cc. Thus, economic costs of monitoring asbestos, based
ou sensitivity considerations only, relate to the limited conﬁ;untiqn

of instrumentation acceptable 2s well as the costs of preparing aad

! - .counting filter samples. The requirement and advantage of higher

7.28
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 ments implicit in the 0.1 fiber/ce (8-hour TWA) and 0,5 fiber/cc

- d
>

flowrate pumps with regard to sensitivity suggest that a new generation

of sampling equipment will be necessary to conform to the require-

{i5-minute peak) NIOSH proposal.
. The surface fiber density estimates must also be considered in
light of the fact that the method requires each filter prepared for count-

ing %2 be relatively free of other background particulates, In many

industrial applications, even within the primary asbestos industr‘y.
other dusts -~ fibrous and nonfibrous -~ will be present. In effect,
therefore, longer sampling times such as those lasting seversl hours
are not necessarily consistent w&h the NIOSH method because of the
likelihood of overloading the filters with bac;kground particulate that
will interfere in the counting procedurs. |

7.6.2 Precision

Section 7.6.1 dizcussed technical feasibility of monitoring air-
borne asbestos in terms of minimum detectable conceatrations
{sensitivity) and counditions conducive to collection of minimum required
numbers of fibers in given sampling schemes. "Precision' repre-
sents another extremely pertinent characteristic of the NIOSH bhuo-
contrast monitoring method in the context of technical feasibility. The
confidence interval associated with a given eatimace of fiber concentra-

tion dictatas the extent and conclusivensss with which comparisons with

1.26
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permissible exposure levels can be made and, moreovér. thg cost-
benefit of resource expenditures needed to narrow the confidence levels
{strengthen the c'anclulivenuka) of exposure estimates by improving the
prechi‘oo of the monitoring method in any given application,

The most critical issue here, as explained in Section 7.5, is the
definition -~ quantitative and qualitative ~- of the variability in the
method fram._ random errors, i.e., the coefficient of variation (CV).
NIOSH has conceded, on the basis of its latest in-house draft of the
mounitoring method report that CV isknot a fixed value (formerly

asserted to be 0,22), but a furiction of total fiber count, FB (see

Theoretical and empirical considerations suggest that CV
decreases for larger numbers of {ibers counted and iacreases for
counts (FB) of smaller magnitude. It is our judgment that, as of this
time, no adequate research &s defined CV for the phau-céntrut

method as to include the random errors associated with the entire

sampling and analytical procedure. Clearly, the NIOSH estimates to

date are incomplete and very likely too low, (See Section 7,5.2)

For purposes of illustration, however, various levels of CV can
be assumed 80 as to demonstrata the importance of this parameter in
the context of feasibility, Because 2o one has yet, in our judgment,

rigorously detsrmined ths ceefficisnt of variation of the NIOSH method

7.27
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by 3 well-designed empiriczl process, one must discuss {casibility at
this stage in terms of aspumed levels of CV, It appears likely from |
our analysis of the literature and various posgitions of ndvoca?ea of one
cause or another in these circumstances, that a range of 0,3 to 1.2
will likely bracket the "true' CV, at least for fiber counts of 20 or
greatsr. A relationship CV = £ (FB) will undoubtedly be determined
uitimately, and after peclr review and comment in the scientific litera-

ture, be accepted as an estimate derived by a consistent, rational

approach,
Suppose a sample of air is drawn at 2.0 lpm for a full-shift
' "~ (480 minutes) sample for comparison of the measured exposure with

. the permissible TWA, Assume the FB/FL ratio is 0.40 (for example,

30 fbers in 125 fislde). Aszums, {rom 2 yet uncemplated, definitive

‘- ‘ study) that CV = 0.6 at FB = 50. From Section 7.5.2, assuming BFB/

BFL = 0, ECA = 855 mm>, and MFA = 0.006 mm>,

o com

AC= __ (0.4) (855) = 0,06 fiber/cc
{(1000) (480} (2) (0.004)
then,
= LCL = 0,06 = 1,645 (0.6) = "-0. 93" fiber/cc
i« UcL = 0,06 + 1,645 (0.6) = 1,0 fiber/cc
— The 95% confidence interval associzted with this exposure estimate of
;._: 5,06 fiber/cc thus ronges from 0 to 1.0 fiber/cc. Clearly, an employer
i eould aot form a definitive conclusion en the magnitude of the exposure
7.29
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relative to & TWA permisaible limit less than one fiber/cc. The only
alterantive to strengthen the conclusion is to minimize CV within the
coastraints governing the collection and analysis of that sample; this
can only be done by counting more fibers. |
I‘ The importance of CV for the case of shorter than full-shift %
{ . sampling periods is illustrated in the following example where several |

consecutive samples cover & full-shift (eight hours),

' ———
. L

An industrial hygienist whose laboratory has & microscope _with‘

g ) 24FA = 0,006 mm? samples a worker's asbestos exposure with a pump
[ calibrated 2t 1.9 1pm and filters with ECA = 855 tnmz. Results are as
{.. N
folloos:

- 1
, ' ATy | | ACg |
r minutes 7By Ly EBL/FLL | (g/ce) Cvyr
N 110 &0 120 0.33 0.23 | o0.62
i

128 43 100 0.45 0.28 0.59

130 - 65 13¢ 0.50 0.38 0».51

115 ss 110 | o0.s0 0.31 | 0.55
' %Values assumed for purposes of illustration
— TUA = L!lO)@.ZS)-O—(!ZS)(0.28‘)?;?30)(0.38%&(_113)(0.31) - 0.30 £/cec
. & 2
- V = TWA varismce = “tll(:%to) (cvﬂ
e e}

7.30
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v s 0.001068 ¢ 0,001851 + v, 002755 + 0,001669 s 0,007342

SE = Swndarderrorof TWA = {V . 0,086 f/cc

LCL(95%) = 0.30 - 1,645 (0.086) = 0,16 {/cc

UCL(95%) = 0.30 + 1,645 (0.086) = 0.44 {/cc
Therefors, it is obvious that the range confidence interval of the methed
must be taken into account in dnurmi.;i.ng the compliance, or non-
compliance el 8 workplace eavironment,
7.7 Questions Conceraing the NIOSH

Phase Contrest Mathod

| Ssveral questicns remain as to the ratioaaie for the mom
insistance that CV is adequately defined for the method on the basis of
Figure m-lo

NICSH has stated that the cosfficient of variation (CV) fet the
asbestos count method -hquld includs (measure) only random intra-
filter veriations (ieter-fisld within & wedge and lbumdu within a
filter), Mom inter-counter varistions, and random pump flowrate
variations, ) s this "detinition" of & "total costficient of variation"
roally consistent with other NIOSH-recommended monitoring methods?
¥or example, is this definition consistent with that used in the SR}
Staedards Completion Project Contruct (CDC-99-74-48)?

CRMC-M&S-002944
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Why doéc the NIOSH definition of '‘total coefficient of variation’'
for the asbestos method not include random errors associated with
fliter preparation (loading and ualcading) and filter wedge mounting
after sampling but prior to counting?

Because é\c coefficient of varistion estimated by 8/x inherently
undaranttmetess the trnee walbe ofi af/s ({tiee rreson valiuve ofise mattio ims

less than the ratio of the true means), why haven't the NIOSH investi-

getors corrected for this bias in estimating CV?

T.32
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APPENDIX A: Casc listory of Substituting for
Asgbesios Producte - Calcium
Silicete dio!lded [nzulation”

Thermobestos was Johns-Maaville’s tradename for its moldec

insulation, a calcium silicate product reir{orced with arhestos and

| capabb.of in:uhtihg up to 1200 ¥, Its application was widesprcad

Loth in the generzl industry and shépboard applications as molded
insulation that could be cut and fabricated in the field to fit a varicty
of high temperature applications, The manufacturing proccss i’nvolx;ed
blending the raw materials, (i.e., lime, silica
ing the shaupes, and autoclaving under heat a.nd pressure which causcd
a fxydrothgrmal reaction forming the hard calcium silicate product.
The health hazards associated with using these products first sur{iced
in 1964 as a result of Selikofl"'s studies on insulation workefn. Subb-
sequently, work practices were determined not to be effective to con-
trol the dust problems associated with field fabrication. Therefore, in
mid-1960's Johns-Manville initiated research and development effort to
;vbich was intensified in 1968 to find a suitable substitutc for asbestos,
in calcium silicate insulatios,

Asg reported by Johns-Manville, several process considerations

had to be taken into account whea considering substitution. The raw

#The information for this case history was based on on-situ
intcrvicws and follow-up corrcspondence with pescarch and develop-
ment personnel of Johns-Manville Corpuration, Dezver, Colorado.
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materials must be casily dispersed and maintain their fluidity until
molding, The moterial must have the property of good filtcrability

to extract the excess water before sutoclaving: the prod\;ct must have
sufficient independent strength to hold its form before autoclaving;
and, the drylng time of the product mmst be relatively short to con-
serve energy. Finally, the manufacturing process must be abla to
maintain a high production rate to justify the economics of the product,
With respec.t to the prbperties of thé finished product, the ncw materi=-
2l must have ""good shipability" {.e., a light weight product for lower
:hipping cost, rceistance to breakage. For application in thg field,
the product must have abraision resistance to withstand fabrication
handling and have high transverse atre,ngﬁ:. ~iﬁr;hermre. from a
marketing standpoint, the product must be able to perform adequately
and sell competitively.

Johns-Manville first attempted to remove the asbestos fiber from
the product. Thie resulted in failure due to lack of strength, A second
attompt was to keep the same manufacturing process, but try alter-
native ﬁbeu.‘ These investigations included such 'nutcriah as:

erganic ﬁbers inorganic fibers
rayoa, cuthen iinten giass
polyester, flax mineral wool

sisal, cellulose products

A.2
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A1l of theese trials failed because the fibers were destroyed by alkzli or
thermal attack during the hydrothermal rcaction in the autoclaving
process. The third major research eflort was to change the process

to adapt to characteristics of new raw materials. In this case, a pre-
autoclave process was utilized by first blending thc raw materials of
lime and silicates and then autochviﬁg to form a calcium silicate slurry.
The new reinforcement fibers were subsequently added to provide
strength. ‘!'l;i: approach met with success by using a combination of
polyester fibers for wet strength applications and fiberglass for temp-

erature resistasce as the reinforcing fibers. The time involved for this

-phase of research was approzimatsly two years {rom early 1969 tc late

1971 and involved approximately $250, 000 in direct labor costs.
Johns-Manaville then moved into the development phase in start-

ing-up the actual manufacturing process for their new asbestos-free

product, now called Thermo-12. The calcium-silicate slurry was found

to be extremely abraisive and destroyed the original piping in the pro-

cess. Therefore, a complete re~design of pi‘xaf'afd valving was re-
quired. Additionally, the process for Thcx;nt;-.lz required higher
temperatures and pressurcs than those for ‘fhax:mobuton, 36 that
pressure vessels had to be modified. There was a problem involving
quality centrel of raw materials dus to the sensitivity of tho process

and the fluctustions in material quality, ;It also has becn determindd

A.3
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that the maintcnance costs for this new process has incrcased approxi-
matcly 10% because of the corrosiveness of the intermediate materials.

The initial start-up of the new product lire was in July 1972 with modi-

fications and ro-design continuing through 1973,
Johas-Manviile provided CONSAD with research and development

costs for converting Thermobestos to Thermo-12 as follows:

¢ Approximate Costs Associated with
Conversion from Thermobestos to Thermo-12#

Capital Expenditures $ 5, 800,000
Start-up, overruns,

production losses 6,100, 000
Loss of profits on sales 3,100,000
Technical and engineering

personnel expensce 350, 600
Research Coats 1,774, 600%%

Total $17,124,6008%2¢

A review of the Thermobestos/Thermo-12 sales as reported by

Johns-Manville is presented as follows:

197¢ $ 7,500,000

1971 9,650,000

1872 11,240,000

1973 . 7,258,000 Year of Conversion

1974 11,545,000

1975 13,670,000 Production capacity doubled.
1976 20,000,000 '

Total industry salcs werc approximately $45 million in 1976;

#Cost figurcs cover the period 1973-1976, which is ésscntially

the span of conversion,
ssResearch costs span the period 1969-1975, ‘
#23The above figurees do not include corporate-division taskiorce

expenses, Bor management tirme.
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Price incrcases duriig this period were in the 5«7 ranges No signi-
ficint price increases were instituted by Johns-Manville or its competi-
tors (Owens-Corning, Fiberboard Corporation) as a2 result of new product
formulations. For compctitive reasons, no attempt was made to rccoup
any significant portion of these conversion costs, |

As is evident from the above di-ncuuion of research process change-
and costs, the effort to replace asbestos in this application was both
difficult and costly. This example has been cited to illustrate som;
of the complexiies involved in replacing asbestos in various pfoduct
applications. Even though much experience was gained through this
experience by the manulacturer, it is not necessarily trmgfcrrable to
other product applications, It may be falr to say that rescarch and
devslopment efforts to find substituts for asbestos will be as unicue as

the individual production and product/performance requirements,
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APPENDIX B: Materials Cvaluated as Potential
Asbestos Substitutes

This appeniix is arranged in tabular form to presant materials
evaluated as potential substitutes for asbcstos &3 tdcntiﬁod’in the liter-
ature and through conversaticas with industry sources. For each
mtcﬂa} is listed the product applications where rosearch has beca
undertaken to__evaluu its substitution potential, Information is given
comparing the cost of the mtefhl to asbestcs used in that specific
product application. Additionally, general performance characteristics
and pe‘rtlnont comments for these materials is briefly outlined for each
application. This listing is ia on way intended to be comprehensive to
iaclude a1l research and development in the present ctfortsf‘to replace
asbestos. However, it should provide signlﬂcani background inform-

ation to demuoasirate the scope of these present R & D measures.
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APPENDIX €: Cusc Study of Potassium Titanate
Fibers as 2 Subsiitute for Asbestos®

Dupoat developed a potassium titanate fiber in 1966 to be used
prinarily 2s premium figmeht for high brightness paper. In 1972 Dupont
introduced this materiasl as "FYBEX", an inorganic reinforcing titanate
whic}: was attractive for their reinforcement potential and their resist-
arce to alhl% attack. The prinary use was intended to be in reinforcing
plasticis, and in seme .cuu wWaS purported to be an adequate substitute
for asbestos. Cther applications included premium and decbrative
plgments, friction materials, insulation and battery separators. The
National Aeronautical and Space Administration (NASA) developed a
brake composition maderial with FYBEX replacing asbestos #ad conducted
studies to determine the market for such a material.

Limited testing of these titanate by Dupont to dctermi:xg their
hoalth effecte had takan place pricr to 1966. These tests indicated that
FYBEX should be hsated like asbestos. With the coacera om‘ronndlng
the health hazards of asbestss in 1371 and 1972 and the permiuiblc
exposure lavels for asbestos being reduced, Dupont recomqndcd that
2a exposure limit of 2 fibers/ce be set for FYBEX. There was ccncern
that FYBEX would later prove to be carcinogenic, although the necessary

t2ete were aot doas,

¢information oz FYBEX was obtainod through correspondence with
the Pigments Dapartment, E.1, Dupont DeNemours & Co., Inc. Wilmingtou,

D.h'."o

C.1
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Ino Scptember 1974, Dupont announced the withdrawal of FYBEX

from the market, effective in December of that ycar. The potential
health bazards of FYBEX were obviously a major factor in this dis-
cuszsion. However, Dupont reported that equally important was FYBEX'-
slow market growth and the anticipation that it would become & low |
volume, specialty market were conditions that alac prompted the with-
drawal dccitton. Dupoat customers of FYBEX with difficult substitution
probiems were phacged out in 1975. Additionally, NASA had tq discontinue
its efforts to develop a commercially viable non-asbestos brake lining.
Ag reported by anont. many toxicologists hold the ivicw: that any

fine durable mineral fiber ic the same size range as asbestos wm be

- found fibrogenic and carcinogenic. To evaluate the toxicity of substitutes

for as&:toa. long term inhalation tests are necessary which éompre
npimah exposed to varying concentrations of the materials. Qupont
uporto.ﬁut these inhalation tests may take two to three yoan%and can
cost in the range of $200, 000 to $500, 000, Intra-trachial tests inject
materials ia mapcnoion directly iato the lung area of s.nimah.; These
aze shorter, lass costly tests than the inhalation studies, but irs also
lese reliable. |

There ic a real coacera among industry that by substituting for
asbestos, they may be trading ome hu:lth hasard for another. If it is

true that all fine durable fibers ian the asbestos size nb;o prove to be

c.2
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fibrogenic and carcinogenic, indepcndent of chemical compasition, then
the chances of finding a non-toxic substitutc [iber for asbestos may be
’ ‘ low. An excellent example of this situation is NIOSII's rccent criteria
! of 3 fiberefee, 8-hour tims weighted average. The toxicological data
ox other pogsible substitutes was not part of CONSAD's charge for this

study. However, there are serioud qucstions concerning the difference
é !

in toxicity between asbestos and pozsible substitutes that remain un-

answered, .

——
»
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