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ABSTRACT

The recognition of the potential health hazards from exposure to
asbestos fiber and thé increasing use of tﬁis mineral in ﬁany products
over the %as& several deéadgs has prompted the U.,S. Environmental Pro-
tection Agenﬁy and other federal agencies to enact regulations for its
safe handliﬁg to protect the public, the environment and the worker . This‘r
- document is prepared for those involved in the use, removal, and dispgsgl
of asbestos materials in the building tfadés. o
Asbestés in all its forms is considered a serious resPiratg:§ hazard.
'Individual”fiEEfs are invisible to the naked eye and thair'smallrsize givéé“,.“
. :§hem prolonged buoyancy even in still air. Unlike nost éhemiééi carcino-
7 VgénggytﬁéAﬁiﬁe:al fibers persist in the environment almaéﬁ'iﬁdefiﬂitely
and, Qhén present in a building space open to its Q&ﬁuﬁantsg represent a
f;cbﬁﬁiﬁugus source of exposure, From a Eagizélagieal'perspéégivé; the'
' 1§;én§y‘peti§d before onset of clinical signs is typically ﬁézédeslleading )
’ ;9 a‘diffiéulty in linking.gausa and effecﬁ.' Since the bagiﬁniﬁg of the'nw‘
ééﬁﬁuiy,vasbeétgs’hés,béen used as a major constituent or én iﬁpgrtant

additive to many consumer products so that there are many sources of expo-

sure to the general pubiiéiiLin'the paSEVfEW tens of years several asbestos

‘products have been sprayed on structural steel for fireproofing or have been

sprayed as decorative coatings on ceilings.
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With a view toward controlling exposures to the public, ggidelinésbéré
lﬁfeéénted for the detection and monitoring, removal éf encapsulation, and
diSPQsal éf'ssbestaaﬁccﬂtsiniﬁg bﬁi{ding materials. Measures available
térpéétecc wgrkéré and building occupants are presented based on Field
measurements and theoretical considerations. Sampling procedures are
discussed so that the uger of this document can take an active role in
déﬁerﬁining whether protective action is needed ;nd; if so, how best to

protect himself, the public, and the environment.
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ASBESTOS: BACKGROUND, ENVIRONMENTAL CONTAMINATION,
STANDARDS, AND.ANALYSIS
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1. INTRODUCTION

.1.1 NATURE OF ASBESTOS

In recent years, there has been an increasing awarenmess of the impor-

[

tance of environmental factors in carcinogenesis. Asbestos has become a
widespread environmental contaminant for large segments of our society, and
has caused fibrosis and malignancies of the lung and other organs.

The mineral fibers resist degradation, and persist in the environ-

‘ment, Because of fibrous form and small size they possess the aerodynamic
capability of prolonged suspension in air and repeated cycles of reentrain-
_ ienti 'Asbéstas fibers, even in low concentration, may have gar:inagénic
_potential, and a biologic activity that may persist for the 1ifetime of an
exposed hést. "
Asbestos is a generle term applied to a wide chemical varilety of
natufally occurring mineral silicates which are separable into fibers. The

six major recognized species of asbestos minerals are chrysotile of the

serpentine group ('white asbestos'); and cummingtonite-grunerite asbestos
(also amosite or "brown asbestos"), crocidolite ('blue’), anthophyllite

asbestos, tremolite asbestos, and actinolite asbestos of the amphibole

group, - Specific attributes and characteristics vary with the different

pes, but the commercially valuable asbestos minerals, in general, form -

ibers which are incombustible, .possess high.tensile strength, good ! o

1-1-1
: 7~ :
: Ihats I
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. make asbestos well-suited. for an estimated 3,000 séparaté‘céﬁméf@ia,;

~ﬂhéyfﬁayvbé&packéd; WGVéﬁl é:’SPTayéd;f‘Iﬁggafcﬁsfs

acteristics of durability, flexibility, strength, and resistance to wear

public, and industrial applications.!

These include roofing and flaaiing
products; fireproofing textiles; friction products; reinfcrciﬂg magetial
in cement, pipes, sheets, and coating materials; and thermal and acoustical
insulations. Asbéstés has widespread application in all industrial sa;nd
cieties and is a nearly indispensable and ubiquitous material.?™"
Historically, asbestos remained a curiosity for centuries, with negli-
gible production until the beginning of the 20th century when it was used
as thermal insulation for steam engines. Worldwide production of the
mineral now approaches 5 million tonms annually, with chrysotile the prin-—
cipal fiber type.® Annual United States consumption is approximately
900,000 tons, with more than 70 percent used in the construction industry,
[t has been estimated that a majority (85 to 92 percent) of end-product
uses have effectively immobilized the asbestos fibers by mixing them inta
a strang binding material; e.g., cement.® Fibers are still liberatéd;
however, during fabricating operations such as grinding, milling or cutting.
The remaining 8 to 15 percent is in a form that will more readily permit

fiber .lissemination, such as friable insulation material or bagged Ffibers

for mixing.

1.2 SPRAY APPLICATION QF ASBESTOS

O0f the many uses of asbestos, the technique of spraying fibers onto

‘structural surfaces has been perhaps the most significant in causing asbes- = ¢

. teos-eXposure to cénstrg;tign‘wgrkers during;appli;stian“and‘;n the general "

1-1-2




'beeﬂ"SPP;ieﬂiéxtéﬁy;velyrtc steelwork to retard structural céiléﬁge:éufigg,;

ggﬁrsﬁiéﬁ;th3§gaféétl'>Sgc5’ﬁaﬁéiial; in loosely bﬂﬁﬂéaffflgblr‘

overhead surfaces for purposes of acoustic and thermal insu~-_

:léfiaﬁ,_decgrééiéﬁ,fégéféénﬁéﬁéétiéﬂ control.

Epraf aﬁpliéatién éflasbegﬁcs fireproofing anﬁ iﬁsulatiﬁg ﬁaééfiél
bega&ﬂ{ﬁ England in 1932, Spray application offered the advantage of
rapidly covering large arvirtagulaf surfaces evenly and efficiently with-
out the use of mechanical support or extensive surface preparation. Early
spray applications in the U.$. were mainly for decorative use and acoustical
insulation in ceiling material in clubs and restaurants. In 1950 more than
half of all multistory buildings comstructed in the U.S. used some form of
gsprayed mineral fiber fireproofing.’ 1In 1968 fireproofing alone accounted
for 40,000 tons of sprayed material.®

The health hazards of spray application of asbestos to spray operators,
other construction workers, and the general public in the vieinity of such
operations were recognized and documented,® Because of these hazards, the
New York City Council banned spray application in 1972.10  other cities
snd states followed suit, and in 1973 the U.S. Environmental Protection
Agency (EPA) banned spray application of insulating or fireproofing material
containing more than 1 percent asbestos by weight.ll Decorative materials B

were not included in the ban, and this omission permitted some continuing

" application. Onme example involved all overhead surfaces in the large

(1200 unit) condominium complex using a friable mixture of 30 percent

asbes tos. 12
On March 2,.1977, EPA proposed an smendment to the national emission

standard for asbestos.!?®: These amendments would extend the spraying

I-1-3
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restrictions to all materials which contain more than 1 percent

' QVailabléqu' Mésthpréy ﬁééerials currently in use caﬁtaiﬁ-fibfaus glass.-

’ﬂThé-?éﬁéiﬂdE? may be fibroua glass, ﬁafigﬁskcthérJEibers;;and adhgéivessf,

jAsfip;éther uses, chrysotile asbestﬂs;is_:he]mcst?;ammﬁn;fiber type.

Numerous substitutes for sprayed asbestos materials are currently-

or nonasbestos mineral fibers along with cement, gypsum, or other binders
similar to those used for asbestos. These materials can be used for fire-
proofing, thermal and acoustical insulation, and decoration.

The possible carcinogenicity of replacement méﬁétials, especially
fibrous glass, is under investigation. The physical dimensions of glass
fibers are much larger than asbestos fibers, and currently there is no
epidemiologic study demonstrating carcinogenicity of this product. Recent

experimental work has indicated carcinogenic potential of fibrous glass

with dimensions reduced to approximately the size of asbestos fiber,!S

and similar findings with other minerals may occur in the future.
1.3 POTENTIAL FOR ENVIRONMENTAL CONTAMINATION

Environmental contamination from asbestos-containing surfaces can
occur not only during construction and demolition, but also throughout the
life ﬁf the structure. TFrequently these surfaces are exposed or accessible
(see Figure I-1-1). They can include open and visible sprayed ceilings,
walls, or structural members, or surfaces hidden by suspended ceiling sys-
tems accessible to maintenance personnel.

The proportion by weight of asbestos in asbestos~containing material
found inlsprayed ceilings or overhead surfaces is generally in the 10 to

30 percent range but may vary from essentially none to nearly 100 percent.l6
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Although- the spraying of friable asbas;ég%éancaining-matérials?inva

construction has-all but ceased, sprayed material within existing structures

" exact figures are not available, if it is assumed that spray application was

a ;amﬁéﬂbpréccicé fraﬁ“iQSS to 1973, and that fireproofing was the major

use of this material, a conservative order-of-msgnitude estimate of the total
amount of asbestos sprayed over this péricd.wauld be 500,000 tons. It is
indeed paésible, therefore that sprayed ashestos material within buildings
may become the most significant source of environmental asbestos contami-
nation in the future,

Considering the large number of people that may be exposed, tﬁeir
range in age and habits, such as smoking, et¢., and the lack of feasible
means of personal protection, this potential source of asbestos exposure
could be significant. It is the purpose of this document to describe the
potential hazards to the public from this source and present rational

alternatives for its control,




2. ASBESTOS CONTAMINATION OF THE ENVIRDNMENT

2.1 ASBESTOS FIBER SIZE AND AMBIENT COMMUNITY CONTAMINATION
During mining, milling, bagging, or épraying, the processing and dis—

turbance of asbestiform minerals can result in the release of fibers and

" fiber bundles into the environment. Asbestos fibers, resistant to degrada-

tion by thermal or ckemical means, also remain available for release into
the environment from any source, especially from loosely-bound asbestos-
containing materials., As shown in Figure I-2-1, dispersed asbestos fibers
have a length range from less than 0.1 micrometers (ym) to some tens of
micrometers. This size range of asbestos fibers points out two significant
attributes: aerodynamic capability and respirability. The fibers cé&n |
become suspended in air, and thus are available for respiration, and re-
tention in the lung. The fibers may also enter.the gastrﬂlntestlnal tract
directly and via the lung clearance mechanism.

Studies of urban ambient air using electron microscopy have shown:
that asbestos concentration levels are generally below 10 ngim3, and fafgly

exceed 100 ng/mg, Mean asbestos levels in 49 United States cltlies were

., contrast mlcfgseupy Depending upon the labaratary;,results cf ashestos¥anal
-"yses by electron microscopy may be- rEpQrEEd on a we;ght basis, .as the {
'gf f;bers present, or both (see faatncte on page I-4- 7).i. L

(1 e., nanagrams per cublg meter) when detetmlned by ele:tron mlcrosccpy, &ﬁd
as the number of fibers per cubic centimeter (£f/cm3) when measured by phase
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fourd to be 4.3 ng/m? in 1969, and 2.1 ng/m® in 1970. Higher ‘urban
_ings occurred in communities with asbestos emission sources such as fac
tories and.near construction sit§S Whéfg‘aSb§SﬁQS spraying was in progress. -

el of O;lrnglﬁs4was:f?gnﬁ;iﬁ”SESihgié“ﬁénﬁrB§ﬁ séﬁ§1e}9;1?f13

2.2 - ASBESTOS éIABERfAEﬁéﬁiﬁAﬁLés *
An asbestos fiber, once released into the air by any means, will
enter a phase of downward settling determined in general by its mass, form,
and axis attitude. The range of these fiber characteristics strongly af~
fects settling velocities and hazard potential since those fibers able to
remain aloft for many hours have a higher exposure probability than rapidly-
settling fibers. Settling velocity is strongly dependent upon fiber diam-
eter and to a lesser extent upon fiber length. Figure I-2-2 shows the
theoretical settling velacitias in still air for fibers of varying size,
alignment, and aspect ratio. Note the tendency for a roughly twofold set-
tling between horizonmtal and vertical fibers. The mathematical derivation
of this graph is presented in Appendix B.

The theoretical settling curve data presented in Figure I-2-2 are in

20

close agreement with actual settling data obtained under working conditions.
By way of example, fibers 1 to 5 um in length with an aspect ratio (length
divided by width) of roughly 5:1 would be common in material dispersed

from overhead insulation in buildings. The settling velocities for fibers
5, 2, and 1 um in length with a 5:1 aspect ratio and with an axis attitude
varying between vertical and horizontal, would be 2 x 1072, 4 x 1073, and

1073, respectively., The theoretical times needed for such fibers to set-

tle from a 3 meter (9 ft) ceiling are 4, 20, and 80 hours in still air.

fTurbuiéﬁcé will prolong the settling and also cause reentrainment of fal-

len fibers.
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... During the time that the fiber remains. airborne, it.is able to

move laterally with air currents and contaminate spaces distant from the .

point of release. Significant levels of contamination have been' documented

hundf‘ds,gfametérs from a painﬁ'séur¢E gf‘a5be$§§s‘fibérg,g and fig'l

may also move acréssrcantaminééipﬁ §§ff£éftéysEéﬁsféiﬁﬁ'Eﬁé §assaga of
workers duriﬂg“rgmévgliaf material.1?
2.3 ASBESTOS CONTAMINATION IN BUILDINGS

2.3.1 Basic Concepts

Asbestos fibey contamination of a building interior occurs by three
general modes: fallout, Eéﬁtact>gf impact,- and reentrainment. Considera-
tion of each mode of contaminant entry and fiber aerodynamics is useful in
exposure risk evaluation and the selection of solutions. Fiber fallout
is in great part a consequence of the characteristics of the ceiling ma-
terial itself, while contact (impact) and reentrainment (secondary disper-
sal) result from activity within the structure. As outlined in ?igé
ure I-2-3, each of the three distinct modes has a characteristic rate of
fiber dispersal.

Fallout

The rate of fiber dispersal in fallout is continuous, low level and
long lived, Fallout may occur without actual physical disruption of the
fiber-bearing material and may simply be a function of degradation of the
adhesive. Variations in the fallout rate (RE) are due to structure vi-
bration, humidity variations, air movement from heating and ventilating
equipment, and air turbulence and vibration caused by human activity. fhis
rate may also gradually iﬂstgase due to aging of the adhesive c@mpanégt

of the materials ranging from nearly zero for cementitious mixes in good

repair to roughly 100 ng/m3 for deteriorating dry mix applications, . )
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Figure 1-2-3. Modes and rates of :f,ibe':disljgr’sal!



easily démaged;f Evegim;npt physiéaL contact can result: in fiber release.

-into the environment. Such contact may be intentional and unavoidabl

&fﬁuriﬁ§ main:ehéhéé‘actiﬁitiés;«aczideﬁtal during routine aéé;iitﬁ,>gtia’

liberate thfough vandalism. Contact contamination depends rather simply
upon accessibility and the probability of contact, the function of the
structure,; and the activities of the users.

The contact mode of fiber dispersal produces the highest release

rates (RE). The fiber contamination level during even routine maintenance

and repair activities may exceed 20 f/cm3, and removal of dry sprayed as~

bestos material can yield fiber contaminations of over 100 £/cm3.20

Reentrainment

The reentrainment of fibers that have already fallen onto interior

surfaces repeatedly causes contamination of the environment, as disturbance

of these settled fibers causes resuspension in the atmosphere (Rr). A

fiber released from an overhead sprayed surface may participate in fépeated

... tycles of resuspension and settling.

It is possible to have fiber counts as high as 5.0 f/cm?® in activi-
ties such as custodial work. These custodial activities may result in
sigﬁificaﬁt levels of contamination and give rise to significant ex-
posures, In a university library with a deteri@fatiﬁgASPtayed asbestos
ceiling, custodians were continuously dusting over a mile of shelving
and generating an average of 4.0 £/cm3 contamination level for themselves

and 0.3 f/cm3 for nearby library users,?20

;.5?63
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2.3.2 Alrborne Asbestos Concentrations

Table.I—ZEl presents data from stuﬁies on asbestos contamination in
  bui1dings. Congistent with the basic aanégpté outlined above, under
quias';gnditions contamination levels are low; under conditions of general
activity an increase is seen; and contact and reentrainment create rela-

tiﬁély’high contamination levels. If friable sprayed surfaces are dis-

mEﬁEi Even the machining or cutting of cementiticus asbestos, for exam- . -
ple, can release fibers in excess of the OSHA ceiling limit of 10 £/em3, é
Exp05ure p?obabilities for both workers and buillding users can be
Eétimaﬁed to same degree by consideration of the three modes of cancami—_

e ~mnation and tha genaral activity withiﬂ the. building Quiét ac ity réfers;;;
to baﬂkground aonditions within a structure or it may represent tha usual \“k
';activity lavéllin én areawwith 16w probability Gf elther ccntact ‘or reen=‘ if
‘ifjtrainment of asbestos, Under'théSE conditions contamination levels may - - S

| approach the fallout rate and be negligible.; Fcrvbuildings with détefié;‘h”

1_:*éting asbestos material, hawever, quieg activity contamination levels

fzmay be significantly highar than Qutdoct ambient alr 1evels. Studi;s,that7 
;l~;hgve included quiet activity cnndition testing have found 1evels frgm

‘fnear thE ambient baﬁkgrﬁund to apprgximately lGD ng/ma by electron micro-

sccpy,‘ and 0.02 f/cm3 by mptical mlcrascapy.ro Detefminatigﬁ Df asbestas!
:antamiﬁatinn levels during perieds of quiet a:tivity conditions are- exa‘{“

V,tremely misleading in the estimation of aatual expasura since only fallaut :

or Eimilarly 1Qw rates are seen,?20

Rautine aztivitias in a stfuztufe cgntaining 5prayed : bes, 0s sur— .-

“gfégésevill usually fesu1t_in al ated fibet 1evel5. Althgugh statis;ically .




Table I-2-1. AIRBORNE ASBESTOS IN BUILDINGS

D e Hean counts | Humber of | Standard
Sampling conditions or situatien (£/em?) samples | davistion
1. University dormitory, UCLA?! 0.1 - 0to 0.8
Exposcd friable surfaces, 98% amosite {rangs)
Cenural student activities
2, Art and Architecture Building, Yale
University.”? Exponed friable ceilings,
20% chrysotile :
Ambient air, City of New Haven 0.00 12 0,00
Fallout
Quict conditians 0.02 15 0.02
15.5 k| 1
_Relamping light fixtures 1.4 2 .1
femoving eciling section 17.7 3 8.2
Inatalling track light 7.7 [} 2.9
Installing hanging lights 1.1 5 0.8
Installing partition . 3.1 4
Reentraioment
Custodians sweeping, dry 1.6 5 0.7
Duating, dry 4.0 6 - 1.3
Froximal to cleaning (bystander cxposure) 0.3 - 0.3
Ceneral Activity 0.2 36 a,1
3, Office huil&!ings. Eastern Conpectieutl®
R ‘Expoard friable ceilings, 5 to 10X
chrysotile
Custodisl aceiviries, heavy dusting 2.8 ] 1.6
4, Private honea, Connecticut!®
Hemaining pipe lagging (dry) amosite 4.1 A 1.8 to 5:8
and chrysotile ashestos (range)
5. Laundrjf :ﬂntaﬁinﬂted clathing.2? Chrysetile 0.4 12 0.1 to 1.2
. Dot : o . Lrange)
6. Office building, Connecticut,l®
- Exposed sprayed ceiling, '18%
chrysntile, - ;
Rout ine activity 79° 3 40 to 110
Under ashestos ceiling 99° 2 (range)
Remote from asbeatos ceiling 40" 1
‘7. Urban Grammar School, New Haven.!5.
: Expoacd eciling, 15% chrysotile asbestos L
- Custodial activity:  swoeping, vacuuming 643° 2 186 ‘toc 1100
Lo ) (range) - -
8. Apartment Miilding: Now Jersey, hoavy 296" 1 S
housckeeping.!® - Tremolite and chrysotile.
"9, Offies buildings, Wew York City.!8:18 ;
_Asbastos in ventilation systems ' 2.5 to.200" 0 to BOO.
At izl ) fui (range)
: < Quiet'conditions and routine activity
‘?: R .annnagféma/ﬁub‘i: meter, ned by eclectron microscope.
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significant, fiber levels may only be a fewbarders of magnitude above
background levels in the hundreds of ng/m® range by electron microscopy,!8
~and 0.2 £/cn3 optically-gn Raugine activity may also, however, result in
significant and intense contamination. A school pgpulatianbinka building
with accessible sprayed asbeséss surfaces may experience significant en-
vironmental contamination with exposures in the 10 to 50 f/cm? range.?0
Increased fallout, occasional éantaét, and reentrainment may all contribute
to the highly variable fiber levels found under these activity conditio
Cuszndial work will result in the distutbance and reentrainment of

accumulations of asbestos fibers released from sprayed surfaces by fallout

~and contact. Expasure from reentrainment is high during custodial activity

: with variatian depending upon bath cleaning methods and proximity - to the

»respizagcry zone of the w@rkar. Resulting levels may exceed OSHA- occupa-

" tional exposure limits.?0

TMaintenance work such as feplacement of light bulbs may invéive direct
ggﬁﬁaét:with sprayed asbestos sur faces and result in signif a t fiber dis- . -
:.éémiﬂaﬁiong Such activitlies may also result in exposufes that exceed regu—'
1atof§?1iﬁits established by.DSHAg One study, for example, showed ‘main-
',teﬁaﬂéé'WQEREE exposure above 20 f/cm? in a univarsitj buildiﬁg'wiﬁh ex-
p@sed sprayed asbésﬁos celllngs. 20 |
Removal cf sptayed asbestns surfaces durlng renovation not only causes
high conﬁamiﬁatién_lgVelé fof the duration of the work Eut alscrinctaaSEs

'chg~telessedrfi?ef burden within the structure that is available for sub-

. sequent. reentfainmenta; In such caSES, exposures involve the renovation

‘warker and the routine bulldlng user as well Both contact and?rééﬁtréiﬁmentf

release mechanlsms a:e 1nvolved w1th very high levels churrlng durlng actualf
“fcéntacﬁ. Flber neengratlang can exceed 100 f/fzrﬂa!EDJ21
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Razing of a structure can result not only in high level local conta-
mination, but can cause fiber contamination of the surrounding community
due ta‘the aerodynamic capability of the asbestos fiber. ‘fhis type of
activity is‘af great Signifigan;e, but 1is beyond fhe scope of this report
and 18 not considered furcher. The potential for continued exposure re-
mains féllawing a demolition operation if ptgper housekeeping or clean-up :
procedures are not followed. The operation cannot be.considered complete
unless the material famo?ed is adaquateleSEaled in bags and is disposed
of in an approved sanitary landfill as required by EPA regulation.

2.4 ASBESTOS~RELATED DISEASES

Asgbestos fibars!find entry inté the body by inhalation and ingeétiaﬁ.

Tﬁe,féﬁained mineral fibérs are found in tissues thrcughaug thé life-

_time of the host, even long after cessation of exposure.22’23 Such asbestos

fibers found in human tissues are generally undetected by optical micros-

:”éépy, aﬁd féﬁﬁi:e.sn électtén micr@gggpéfgzegu FibefsvmafﬁﬁiéfgggAﬁg:ggﬁérb?;
organs'fgildwing,rétentién iﬁ'the_lung;gs- Asﬁéstééis:énd:éértain ma;;ééaﬁciég
,Véfé félséed’ﬁa expésﬁre to fibers‘gf ;he*asﬁeétas @132:3;5,‘;Asbes;os;s:ié .
‘a @fagtessivelfesfficﬁiVE:ﬁulﬁgnéf§‘fibfééiévaSSéciatédVwith'1nhalatiéﬁﬁgfk
'_égbeétas fibers, sgd-ié'a classic acéuﬁati@nalrdiséései25‘3“’ .
::: ;>Ma1i§ﬁéﬁcies féiatéd'ﬁo the inhala;iaﬁ'énd1poséibly inge$tian of as%*kk
bestos fibersty'ePidemioicgié;éﬁﬁﬁiesf{ﬁcludé ¢a:éiﬁ§maé’6E the lung,
méséthéliamssigf ;hé pleura and perit@neum;”gnéjﬁgaplasms of other

8ites,35737 Agbestos has a potent cocarcinogen effect with éigéréttéf

_¢§ﬁéking_in_ﬂsf;ingma of the lung. Asbestos workers who are smokers have
T’avét SD”;imeS the risk of nonexposed ngﬁsmckefs!359"3_

I=-2=11.
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~Both the presence of asbestosis and occupational asbestos exposures
haveibéeﬁvlinked with the incidence of malignancy."!™? However, studies
6E:ﬁﬁe ineidence of excess malignancies and the epidemiologic markers gf
pleﬁfalﬂealcifigatiﬂn and mesotheliomas have shown a much wider scope of
asbestos-related malignancy.30753 The population at risk includes not
oﬁlﬁ'thase engaged in the manufacture and use of asbestos products, but
also bystanders and others limited to neighborhood and familial axpgsuresi5“§59

Definition of the relationship of low levels of asbestos exposure and
carcinogenesis remains uﬁcartain and difficult. The éxténded latency period,
lack Qf adequate gast exposure data, effect of other carcinogens, and

variability of human response makes the quantifigatlon af risk approximate

anly. .AsbéstaSsrelated malignancies exhibit latency periods of 20 to 40

"years and may fallaw exposures of much less duration and magnitude as seen

'7w1th SSbESEgslg 53-59,61

' Excess malighahc;és“have been found in proximity to emission sources

and in houséhalds of -asbestos workers.52:5,53 In these cases the  expo~

"3) 18 Asbestcs fiber gontaminatian levels within or EKEEEding~EhESE

7,18

- ranges have been documented near building sites using sprayed asbestas,

w1th1n a uﬁlver51ty bulldlng with sprayed asbestos ceilings,20 in foiéESSV
;schaols, andbapartment bulldlngs with Expased friable asbestosrcélllﬂgs,
e w;th use of materlals such as spackllng cnmpound 62 énd ﬁeaf‘fcads aﬂd other:
i{;a£eaé'ﬁovefed with asbeatoé énntaln;ng crushad rock 53 Thls indicates cgn—‘

f“;tiﬂ ng enV1ranmental ccﬁtamlnatlcn and Expasufe to asbéstos at levels’ 2@n*’13

o by Ehésa flndlngs Qf W1despread expgsute. The impressive aﬁnual asbéstas o

1~-2-12




production and evidence of urban environmental contamination has led ob-

servers to conclude that the incidence of asbestos-induced malignancies

has only begun to be defined.?

,23,24,64-66
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3. EXISTING STANDARDS

Government regulations pertaining to sprayed asbestos materials have
been issued at the federal level by the U.S. Envirommental Protection
Agency and Eherﬂccuﬁatianal Safety and Health Administration, U.S. De-
partment of Labor. Some state'agd local government units have also de-
vélo?aﬂ regulations pertaining to these materials. The OSHA Standard.far.'

Exposure to Asbestos Dust was published in the Federal Register,5’

‘Vol. 37, No. 110, on June 7, 1972 (29 CFR 1910.93a). This standard was

'r;;odifiéd-tovElQlDilﬂﬂl in the Federal Register dated May 28 -1975

i
L1

VThE fegulaéibns épp1y to hanaliﬁg asbestos fibers or matariél;ccntaining
’asbestgs fibers, including re 'avaL p roc edufesi This standard'fcfvoccupaé
tional expnsure defines permissible exposure 1imits, methads Df ccmpliancé';
;with regulatians, personal protective éqﬁimeEt iﬁ:ludiﬂg glathing and
respitatnry PIQEEEtiOﬂ, methads of méasurement of airbarne asbestns fibers,t
-gigns andrlabgls_wafning of asbestos hazard, housekeeping me;hods for fibe:.i
7 'Qaﬁtfél and7§§s§e disposal, recordkeeping for mgnitériﬁg‘aﬁd'Eﬁpésufes,
and medicalreﬁaminétidnsi,
The regulations nriginally stlpulaféd a maxiﬁﬁmfeipoéure of in'ﬁéﬁéts/
Z.cma gfeater than 5 Hm in length over an 8-hour period on a time §§ig£€g§r

"“ﬁiaverage (TWA) b's, A maximum cf 10.0 fibers/cn3 for a 1l5-minute 5ampiing""

— _pErind was, the allawed anystime excursion. On October 9, 1975 OSHA = "
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:érgpﬁsed a limit of 0.5 £f/cm3 TWA and 5.0 f/cm® maximum excursion évgf:é
15-minute period and on July 1, 1976 the original requirement in the regu-
lation was reduced to 2.0 f/cm3 with the maximum excursion permitted re-
maining at 10.0 £/em3.8%  Most recently, the National Institute of Occupa-
tional Safaty and Health proposed to OSHA a further lowering of the TWA
limit to 0.1 £/cm3 TWA with 0.5 f/cm?® as the maximum permissible any-time
excursion.’® These numerical limits are based partly on limited studies
of asbestos carcinogenesis and it is possible that lower exposures may be
significant.”1272
Regulations promulgated by the U.S. Environmental Ptétectiéﬁ Agency

on April 6, 1973, apply to the renovation or demolition of structures con-
'rtainiﬁgrasbestas and to the spraying of asbestos materials.’3® The ﬁafiémal
f;ﬁiésiﬁﬂlstandafd for asbestos!! specifies procedures for remaval»sga ‘ S
':striﬁpiﬁg of friable sprayed asbestos fireproofing and insulgtign_ﬁatérislé
éﬁd‘féquirES,EPA'naﬁifigatian that such removal is to také place. lThé
required work practices include wetting, containment, container labeling

‘and Siépééai of the removed matefisi in an approved sanitéry 1éndfilli~
rfibe:rleveis.are not specified but the regulations require that there be =~
ﬁc'visiblé.émissipns extéficf to the structure.

The spray ap?ligatipn of asbestos material for fireprgéfing_aﬁﬂ:inéwr

éuiatian'is érghibitéd whéfé the'ﬁatarial contains mafé ;haﬂ,ané7weight -
;pe:cent asbésﬁas.lkﬁééﬁfative ﬁatérigls &éré not inéiudé§ i§7§Hé‘ban, how-
";éﬁéf;'and'this-ﬁmiésién hés Péfﬁiétéd:SDﬁe ééntiﬁuéd épéiiéstiani Dﬁg-

i;5éxampié?iﬂcludes all overhead surfaces in a large (1200 unit) condominium

.. complex.using a friable mixture of 30 percent asbestos.!2 .. .

(%)
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'EPA has recently taken action to halt the spray appliéatiaﬂ”af}as;
bestos containing materials for decorative and other purposes. On Maféh z?‘
1977, EPA proposed amendments to the national emission standard for as-
bestos.’* These amendments Qgﬁldrexténd the spraying restrictions té all
materials whiéh contain more than 1 ?ercent aébéstag by weighﬁi 7 L
Most state and local governments adhere to current EPA‘aﬂd 0SHA regu- |
lations; however, in instances where the problem is acute or has re;eLﬁa&
public attention, special bylaws or ordinances have been passed which are.

more stringent than federal regulations. TFor example, the State of New

Méxica has a 10 ng/m3 ambient air regulation,’5 and Connecticut has an
émbient air limitation proposal of 30 ngkm3!7s The State Dépé:ﬁﬁenﬁ of
"Eﬂvirénméﬁtal Protection for New Jersey issued a guidance document on this
V'SQEjeéﬁiin Hsy 1977 and Célifﬁrnia, Flaridéi'ﬂaasachusetts, aﬁﬂ:WiS;QﬂSiﬂ
‘ﬁavg férﬁéﬁ’exééutive and legislative committees to assess thé problem.
j;Tﬁerﬁé§7Y6§k>Qity Council banned épfay application in lé?é;ioj'gthef
“cities and states have followed suit. The City of New Haven has a local

"grdinancé'préhibiting existing exposed friable ceilings of any asbestos

..Eaﬂtént:iﬂ dwelling.’? This was enacted in 1977 and is prESEﬂﬁiy being
_enforced in the case éf~an,ap§ttm3ﬁt building.

-Since regulations affecting nearly all aspects of potential exposure . .

to asbestos aré chéﬁgiﬁg:;a§i§1y,bany,qugstiaﬂs ﬁangéfning?;ur:énﬁ EPA rgggé
1aﬁians.ghé§1drbé ;eferred;té'ﬁﬁg:régigﬁél'afficé'afrtﬁé;Enviféﬁmenta;”??§% 
tééﬁgéniAgéﬁgfgr_Imfafmatianréﬁicurfgnt DSHArseguiéticgérmay be obtéié%éFfi

’ ~éé?ﬁxﬁhégu-5; DEPaftméﬂt of Lab@r §iGSHA Regional Offices. A liééigéféfi‘

"TfthEuEPA;éﬂd'QSHA'Rééi?ﬁal-foices is given in Appendix I. State Departments’

“of Health, Labor, and Environmental Protection will provide additional




guidance in the event that more stringent state regulations are in effect,
or if difficulty is experienced in locating an approved disposal site for

the asbestos-containing debris,
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4, ANALYTICAL TECHNIQUES

Two general areas of analysis are discussed within the scope of this
dgéumenc. The first, asbestos identification, is concerned with determin-
ing the presence, type and amount of asbestos within a bulk sample such as
insulation or ceiling material. The second involves estimation of the
amount of asbestos suspended in the ambient air, This airborne fiber'son—
centration level can be used to estimate exposure risk, The techniques for
examination of bulk samples are relatively straightforward and give an
unémbigueus result in most cases; however, the ide;tif ication, and éspecially _i#

‘quantification of asbestos, in ambiént alr is very much "state-of-the art"

= thé:methuds used are somewhat controversial and the results ambiguous.

These two distinct types of fiber analysis may not be within the capa='f>

bility of the same commercial testing laboratory. It is ¢ mphasl;ed that

'bulk'sgmple analysis services to determine whether asbestos is present in
rléhé material are difficult to obtain. Moreover, the aﬁaly$ié‘ﬁusﬁ be pefizf
mfafﬁgdrin‘a competent manner otherwise it could lead to an;gﬁpénéive and
| nééﬂlésé’rémaval task. Failure to identify asbestos flbers, on the other
hand, wauldréllaw an exlstlng hazafd éc Eﬁﬂtlﬁue-
A1rborne aSbESEDS Elef analys;s 1§ used fur‘évaluatlﬂg exposure- énd
_tha efféct1veness 6f fiber cantrpl dur;ng renovation, demolition, §§_ i;f;.

i fEmQVa1i HEYE too, the ‘number - nf cammercial laboratories- sultably equlpped 7:,

and staffed is limited.




4.1 BULK SAMPLES ASBESTOS ANALYSIS
There are three methods of asbestos fiber identification which are
reliable and are in common use for bulk sample analysis: petrographic
. microscopy, X-ray diffraction, and electron microscopy.

4.1.1 Petrographic Microscopy

The petrographic microscope is a transmitted polarized light instru-
ment, widely used in the geglggical and chemical sciences for identifica-

tion and characterization of crystalline substances based upon their optical

and crystallographlt properties. The tEEhﬂiquES are well established and
the equipment is relatively low in cgst. It is an effective method for

identification of the particular mineral species pr esent. A possible

dtawhggk in the use of petrographic microscopy is the high level of skill
1'ahﬂ‘eiﬁéfience'required of the microscopist. Bulk sample optical microscopy
’invél%géfthe ability to adequately search a sample and successfulifirééagnize}:ﬂ
and idéntify the suspect material. An experienced miérascapisﬁ,'ﬁawavér,’i'
should bé able to locate and identify even small amounts of asbestos iﬁrr
bulk samples 78,79 | |

4 1.2 XaRayfﬂifEraaticn

In this technique X-rays are diffracted’by a small sample of the sus-
pect materia; and a. pattern uniquely char cteristic of any cryscalline.
materials pfésan;’is’ﬁ:éduced;' With some instruments a péfmanént diffrac-
Eién ;ra¢ing is érﬁduééd;liThis méghgd féquirésbalsignifigéﬁﬁ'inﬁéstmént

'.}i;fééﬁi?ﬁén;,:reEéEenEeé,:miﬁérai.staﬁééras; aﬁd technical eipertise. In
f?;fcﬁtiné;éiééinétion procedures, X-ray diffraction of bulk samples may
. fail ;9ldgtécggsmSLl,gén;éntfsﬁionsAgfrasbestcs, aﬁdngthéf;siligageg or

{~fcyfatalliﬁéJPHQSES«mayfsignifiaantly interfé:E-with‘agﬂuraze identification.




Hawgvgf, the technique usually yields information with a high degrée gfvi.
diagnQStic reliability, and a printed record. It is usually used as‘a‘gaﬁav
Eitﬁacigﬁ of petrographic microscopy impressions and not as a screening |
pr@cedute_BD:

4.1.3 Electron Microscopy

Specifiéraﬂd accurate fiber identification can be achieved by examina-

tion of

i

he structure of individual fibers or fibrils, especially if used
in conjunetion with electfén difffagtiﬁﬁ or energy‘dispersive X-ray anaiys
sis. The extrapalatigﬂ of precise elé;zfan microscope data, however, tgv
significant bulk sample information is inefficient and costly. Its use in-
iééntificatiqn is usually confined to resolving ambiguities raised by' :
prtr,g -aphic microscopy an& X-ray diffraction. Thérmain uge of thé'eleztrgn“
imicgés;apy technique is in the examination of air samples. o 7
4.2 ATRBORNE ASBESTOS ANALYSIS

:_ﬁsﬁimatiég of the aﬁﬁunt of asbestos suspended in air is Pigsently
' petfﬂfméd ﬁy two techniques: |
' ;1:ilrr;ﬁiber»c§unting by optical or ldight mi@rescbpy using;théA‘

‘phaseréaﬁtrast technique.

micfﬂscgpy.
" For either method, a pump is used to draw a volume of air through
érmembfaﬁe filﬁéi'sé'évkﬁﬁﬁﬁ'fétéi An éxample af ‘a - unit sp iﬁ‘iﬁally
désigned for this purpose is shawn in Flgure I- é -1. Thls sampllng pump

‘f and filtér are usually stationary, but other designs may be :attied by the

tharker with the sampliﬂg DfifiEE néar ‘the reapitatary Snﬂé-v Camm@n sampling

‘racés afé 2 0 litefs per minuta (llmin) in low valuma Eampling, and 10 L/min







fiber concentrations. The filter may be retained within its container and

riﬁjhigh volume :

stored“ indefinitely., Also, each filter may be repeatedly counted since

.

only a small segment is removed for each examination. The same filter méy

thus be examined by various methods of asbestos quantification and by sev-

eral laboratories for comparison or verification. Care must be taken in

‘transporting samples to avoid loss of fibers ffom;the filter surface by

mechanical agitation. ' ' - T
o » i

4,21 Fiber Counting gy;Ehs§%f§¢ﬁ;ra$E Microscopy

Phase contrast microscopy is routinely performed following the optical
method specified by Occupational Safety and Health Administration (OSHA)

regulations for determination of airbornme asbestos in occupational settings.8!

A‘ A pump draws air through a filter having an 0.8 um effective pore size. A

PRUR
4

‘gegment.af the filter is then mounted, treated chemically to make the filter
by e o N o
mémb%ané transparent; and examined using a special microscope reticle and

i

counting procedure with phase contrast illumination at 400 to 500 magnifica- -
~tion.81783 Pparticles are observed for shape and size. Any particle having

a length to width (or aspect) ratio greater than 3:1, and a length of 5 mi-

- crometers or greater, is counted as a fiber, Results are presented as the

O
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‘stance. It is a technique based entirely on the shape of the particle rather ™

“number of fibers per cubic centimeter of air (£/em3).

Phase contrast microscopy is an optical technique for viewing small
particles rather than a method for measuring specific properties of a sub-

(non
LA




It is,

| 1nhérently ,paéifié fo asbestos.;,v queﬁtly, all partlcles EEE;SEleg

length té w;dth raﬁlo are caunied as: asbestos flef Also, ‘both- the

&

’5té561ution 1imit~cf optical micrgscOPy'(SEE’Figure 1-2-1) aﬁd Ehé"S"pmi
lower cut-off for fiber length precludes identification of a much larger

fiber population which may be present and which is of biologic significance,

In some cases fibers and fibrils uncounted because of the 5 um limitation

of the standard may be greater in number than those counted by one or more . ._.
orders of ﬁégnitudé.lsﬂaq Some studies have iﬁdicated that fibers smaller

" than 5 um possess potential for biological activity,85 and that fibers of

significant in catcinagenesis,55487

- ™™"4,2,2" "Fiber Counting by Electron Microscopy

The éléétfén microscopy (EM) permits;datailed examination and identifi-
cation of asbestos fibers of all sizes. Both scanning electron micrcscgﬁe
(SEM) and transmission electron microscopy (TEM) are used. The magnifi-
cation necessary to identify asbestos in its smallest dimension is within
the range of these instruments. The actual counting isfusually carried out
at lSFDDD to 20,000 magnification. Electron microscopy is presently the

‘ldefinitiva,methad for fiber counting and exposure estimation. ‘Following
Vséméle preparatlan a large number of fields are examined for fibers. Each
giéld is a few hundred mi rometers square in area such that many fields
mﬁét be examined to make the determination statistigally valid, Each fiber

observed is counted and its length (%) and width (w) measured. The fiber

vaiume é§ﬁubeféa1cu1até6 bj assuming it to be»;i;he: a right leihééffof

,:éhééé; (The éssumption of a cylindef gives arvaluﬁe abépgf? o
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. ing ‘the fiber's. dlmEﬁSLDns, its volume can be calculated (i.e. ; L.x. WE)

20¢ percent smallef ) The mass of -fibers ié éstimated by multiply’ﬁg”ﬁ

iwcﬁiated volume by Ehe mlnefsl den51ty, usually taken as E 6 g/cm

LTThEiéECufaEyzéf the ;algulated f;ber-massqis‘pfimarily dEpéﬂdéﬂE upon'fﬁé:

. reptésentgtivgﬁeéétgft£E§ figé£iPgﬁﬁléﬁién éztuéiiylﬁéasufédgﬁl‘
‘At this time, laboratories vary in sample preparation, instrument
.SélE§tiOn; and in results. There is presently no standard electron mi-
croscopy technique, A provisional optimum procedure is under development
by the Environmental Protection Agency* and is intended to inérease uni-
formity and enhance interlgbgratgry agreement 88

There has been great concern and some misunderstanding over inter- and
intrariabarstary variability in fiber counting results. Apart from the
errors to be anticipated from variation in laboratory procedures, high
errors are intrinsic when extrapolating a count of possibly a few temns of
fibers from a relatively miniscule fraction of a large sémple to a total
fiber :cunti+ The multiplying factors used to scale-up the count for a
spegific volume of air may be as high as 106 or more.

The time required for sample preparation for EM techniques is lengthy,
the Equipment a major investment, and highly trained and qualified personnel
a necessity. % |

% ,,7,, — =2 _.7 '! B ., : =
This and. other EPA documents are available through the National Technical
Information Service (NTIS), 5285 Port Royal Rd., Springfield, Virginia 22161.

*It will be noted that determinations by Dpthal (phase cgﬂtrast) microscopy
are exprgssed in numbers of fibers per unit volume of air whereas results by
electron microscopy may be expressed either as number of fibers or mass of

fibers per unit volume of air. The high resolution of the electron micros-
_copy. permlts the analyst to measure the length and width of each fiber ¢

}:7Assgm1ng a mlneral den51ty of 2.6 g/cm _the mineral's w21ght is Obtalﬂéd
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not generally o

sidered appr

opriate in the case.of airborne asbestos

"measurement,  The optical technique counts not only asbestos but all fiber

generally, while EM is mineral specific., Fiber size range visible by EM is
essentially complete, while that seen optically is truncated both physically
land by regulation. In some cases the fiber size distribution will fall

below 5 pm, producing a zero count optically, but will still have a signif-

icant count when examined by electron microscope.!5,20 Given the size dis-

tributién of a specific fiber population that extends above and below 5 um
such conversion is possible, However, in the general situatiéﬁ it is quite
unreliable.

Table I-4-1 lists some advanﬁages and disadvantages of analytical

techniques available.




'.;{Disgdﬁggtggésiff“*”'

a. Pétrﬁgzgphic microscopy

b, X-ray diffraction

¢, Electron microscopy

Amblent Alr Sample Analy51s

”'ai Phase contrast microscopy

b, Electren microscopy

Relatlvely rap;d and lawﬂuwn
cost 'per analysis, suited for
exact ldEﬁtlflEEtlDﬂ of mine-
ral(s) present and estimate of
abundgnce.

.Unamblguaus mlnérgl fiber

identification, rapld
"fingerprinting" of sample
with permanent record.

"Abs@luté"‘detéfminatiﬁﬁ of
fibers present, and identi-

fication of mineral species.

Low cost per analy515, lnw |

‘cast for equipment, exten-

sive tralnlng not required,
pfégently the most detailed
standard pzacedure avallable!

Clnsest tn nbtainlng absu— ‘

lute" fiber count because
of high resolution and -
identification ability,

High level of operator training
and experience required.

ngh investment in training
personnel £ and capltal equipment,
May not detect minor fiber abun-
dances especially-if other

‘erystalline phases are present.

High equlpmgnt and analysls
costs. Highly trained aperatnr
requlred :

Limited resalutiaﬁ; fibers less
than 5 um not. cnunted therefore,

hazardous situations may be

missed altogether.
£

In addltlgn to disadvantages in

1.(c) above, procedural standards
nat available, poor prec151an and

‘acecuracy.
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THE CONTROL OF EXPOSURES TO SPRAYED ASBESTOS




1. DETERMINING ASBESTOS EXPOSURE LEVELS R

1.1 INTRODUCTION

As discussed in Part I, exposure to asbestos fibers is a recognized
health hazard. TFollowing long latency periods, asbestosis and malignancies
of varying type and site may follow both occupational and nonoccupational
exposures. Aithaugh the mechanism and epidemiology of asbestos carcino-

genesis is not yet well defined, accumulating evidence suggests the signifi-

cance of exposures at even very low fiber ccncentraéians!

The specific source of asbestos exposure covered in this da@ument is
fiber release from sprayed, friable asbestos—containing material. For
approximately 20 years, sprayed asbestos was extensively used in the con-
struction industry. The sprayed, friable material can release fibers into
the environment at rates dependent upon both deterioration and the dis-
turbance of the material. The feleésed fibers are durable, possess aero-
dynamic capability, and are potentially carcinogenic without documented safe
threshold levels.

The COmEinati@n of Eherfa:tars of Qidespteéd use, a‘lgfge paténtially%
exposed population, and carcinogenicity has created a potential health
1}; | hazard of significant proportion.

Part II1 presents recommendations for Eéchniqués of material analysis,

pfoﬁedurés;fpr“hasafd estimation, and alternative solutions to potentially

II-1-1
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d the Décupagi?ﬁéléééfé;jfggaAﬁgélth Administration afE’diséﬁSSEaiiﬂ

.detail, and specific removal procedures and specifications are

" presented.

2" FACTORS TO CONSIDER

. The applications, mixtures, and locations of sprayed asbestos material

have been highly variable. The estimation of exposure hazard or risk frém
such material must involve consideration of a number of factors. There is
no simple formula for all situations. The primary consideration should be
to minimize exposure to asbestos. The following factors should be consid-
ﬂ ered in assessing the risk of asbestos exposure and establishing priorities
for corrective action:
1. Analysis of material. Establish the préSEnEE‘Gf asbestos

is

i

in the sprayed material by competent examination. Thi

the fir

]

t, and essential step in hazard estimation. The s
higher the proportion or percentage by weight of asbestos
in the material, the greater the number of fibers released
f- for a given event. However 51ig§t the damages, there will
be a release of some fibers, and even friable material con-
taining only 1 or 2 percent asbestos can disperse a signifi-
cant number of fibers if it is extensively damaged.

2, Age and deterioration of the material. Cohesiveness of most
materials will decline with age, and the rate of fiber loss
will increase.

3. Location and accessibility of the méteriali With ceilings,

for example, a height of approximately 10 £t (3 meters) is a

reasonable limit for direct contact. Possibility of contact

Ii;ieé, S

. : k"
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" be hurled ‘against the fiber surface. .The 3-meter rule

will include gymnasiums and classrooms where objects can

would not apply in such circumstances.

J??ﬁﬂé}i@ﬂiéfjih%‘Spaﬁé'wiﬁh respect to both the intended

and actual use of the area, Population using space.

This is a significant consideration. An active popula-
tion, such as that of an urban senior high school may
result in more contact fiber dispersal to a significant
extent. High frequency of use and activity usually

means high fiber levels in the space.™

Necessity to penetrate or disturb the material for main-
tenance, cleaning, or any other reason. This includes
penetrations for heating and ventilation, lighting, and
plumbing,

Presence of High humidity or water damage. Although used
for condensation control in some applications, sprayed
asbestos-containing materials tend to deteriorate rapidly
in humid enviromments and are susceptible to fragmentatien
from leaking water.
Accumulated epidemiologic evidence indicates that asbestos

levels exceeding as little as 100 nanograms per cubic meter

should be suspect in causing adverse health effects and thus

some action to reduce exposure is warranted.!® It may be

advisable to determine levels elsewhere in the building and
"**i;%*b&tgidg to ascertain that the fiber levels are due to the

sprayed material rather than some other source. . :

I1-1-3
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" the selection of "any action to reduce asbestos exposure

,1évéié, Until permanent,acticn"caﬁ be takéﬁ'éo reduce as~ - -

. bestas flber release,'tempafgry measures may be used - These

~“lnc1ude Ehe slterstlgn Df varlous cusﬁodlal and malntenaﬂce‘: ;i;

acthitles whlch can result in asbestcs emissions by contact
or by resuspension. Permanent actions include enclosure,

encapsulation, or removal of the asbestos material.

1.3 ASBESTOS ANALYSIS
The methods of asbestos determination are listed in order of the
simplest and least expensive (record review) to the more techmical and

costly (airborne fiber monitoring),

1. Record review: Architectural or contractor specifications .

and records are available for most 1grg513tfuctufes. In

many instances these will identify the sprayed material

and may include the type and éfépaftian of asbestos contained.
Instances where records erroneously report either the presence
or absence of asbestos have occurred, and reliance on building
records alone is not recommended.

2, Visual inspection: The surface of sprayed asbestos materials

generally have an appearance that may vary from a loose, fluffy,
or sponge-like composition to that of a dense, nearly solid
surface., If the material is friable, it will crush with hand
pressure. The thickness of most gpfaygd‘ssbestés material com-
manly varies from 0.25 em (1/8 inch) to over 5.0 cm (2 anhes)

UﬂCéatéd materlal may be sllghtly gray,,brnwn, or blue in

Aruitoxt provided by Eic:



:f;ésbégﬁgs gsed;f
o 'will écqgifé”ardéfk gﬁay'tiggéﬁﬁith&time?-,The_p:ésence

“or absence of ‘asbestos, however, cannot be determined . .

coloration depending upor the proportion and type of

Sgch,5ﬁtfécé5ﬁréadily‘callegt dust, and

reliably by texture, color, or general appearance.

Bulk material analysis: The identification and quantifi-

cation of asbestos in a bulk material sample is a procedure
requiring appropriate equipment, technique, and expertise.
In view of both the health and economic implications, compe-
tent analysis té determine the presence and proportion of

asbestos is a necessity.

Laboratory analysis of the material should be performed by:

a.

It

samples

Petrographic microscopy as performed by a laboratory of
recognized competence in optical crystallography.

X-ray diffraction as necessary as a supplement to petro-
graphic microscopy.

Electron microscopy only if ambiguity exists following

analysis by petrographic microscopy and X-ray diffraction.

is again emphasized that the identification of asbestos in bulk

involves expertise in optical crystallography and is not a routine

laboratory ?rgcgduré. A laboratory certified and proficient in NIOSH

asbestos fiber counting methodology may lack both the equipment and com-

petence

for identification of asbestos in bulk samples. The use of polar-

ized light microscopy (petrographic) and various refractive index liquids

Q
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“for dispersion staining is usually sufficient to allow identification of -
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) ?Aﬁ experlenced mlcroscgp 5t u51ng peﬁrngraphic gechnlques 15 able to. rapldiy

jdetezt small quantltlgs af asbestos in a bulk Sample.iv‘ 

fayialffraﬁt1an supplements Dptl:al mlcfas:apy by f;ngerp nclng

any- cfystalllné phases Present thDugh thE Pfésencé DE many of these phases

in addltlan ts ssbestas may make 1nterpretatlaﬂ dlff1:u1t X*ray dlffrac-
tion prgvides a permanent tracing of the analysis, but is more expensive
than petrographic microscopy, requires expertise, so does petrographic,
and low quantities of asbestos fibers may not be detected, Depending
Dﬁ the laboratory, an amount less than 2 to 4 percent may be missed.

A recommended technique for obtaining a bulk sample from a sprayed
asbestos material is outlined in Appendix C, along with cost and reference
laboratory information.

4, Airbﬁfﬂér55b§§§§57fikéfg§gﬂﬂtiﬂ&: Sampling and analysis for

airborne asbestos may establish the existence of asbestos
- contamination.12,20,21 ap adequate study of airborne con-
tamination requires sampling during various indoor activities
and sampling of outside or community ambient levels, with
inclusion of control samples. Sampling within a structure
under only quiet conditions may be particularly misleading
because asbestos fibers become airborne usually as a result
of disturbance through human activity.2? The direct moni-
toring of persons engaged in these activities will best de-
-~ fine potential exposures.!® These activities include usual
behavior of building users, maintenance, custodial and house- .

keef 1ng vork,

Q
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»VééﬁééQFé leévels are sufficiently elevated, gxgmiggtiénbﬁf
the samples by ﬁptical;miéﬁﬂégépy will probably determine ;hé*

.presence of asbestos. In;casés of lower contamination levels

or a predominantly smalifsisg'pépulatiép’éf‘fiEEfs, electron

ai?micrgsg§§y §§1if§§“neééssérj”faf‘égﬁpléﬁé(ésﬁgstéé'
quantification.

The lack of standards for airbornme asbestos in nonoccupational
environments and expense of sampling and analysis have dis-
couraged airborne asbestos testing. An exposed and friable
surface, the identification of asbestos within the material, and
documentation of air contamination from such surfaces surely

provide an impetus to reduce potential carcinogen exposure to

as low a level as is possible.

ERI!
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' ASBESTOS CONTROL MEASURES

2.1 TEMPORARY CONTROL MEASURES
During the interval between identification and resolution of an as-
bestos exposure problem it may be possible to significantly reduce exposure
by zénﬁrcl of maintenance, custodial, and repair activities. Temporary.
measures may include alteration of various work procedures such as méiﬁ;
tenance or renovation that could potentially cause asbestos canta@ination.
and sveeping ih any essential custodial work. In addition, maiﬂtéﬂaﬂCé(
and custodial workers should be protected by approved filtered respiraﬁors.{ 
Building user and bystander exposure c¢ould be reduced substantially
by app?@ptiate rescheduling of necessary custodial and maintenance work.
Table II-2-1 shows the reduction in fiber counts that was @btaiﬁed.iﬁ one .
case using we't cleaning methods and specific scheduling.?0 Cust@diél
activities were categorized as above and below waist level. Air sampling

-was carried out at the respiratory zone of a worker wearing respiratory

protection, While significant reductions were achieved, exposures were

not eliminated and the use of such techniques should be temporary.

o
iy
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Table II-2-1, CUSTODIAL ASBESTUS EXPOSURES AND EFFECT -OF--WET-METHODS

Custodial
activity -

Fiber count means:

'f/am3~inumber)a

Before
control

Following
‘control

Above walist

Below waist

4.0 (6)
1.6 (5)

0.3 KAJ

0.2 (4)

Bystander 0,3 (6) b

4N10SH method, phase contrast
microscopy.

PE1limination of exposure to by-
stander by rescheduling should

not be regarded as a permanent
-solution. The long settling

‘times for fibers (see Figure I-2-2)
and the possibility of resuspension
should be considered before per- -
mitting normal traffic to resume

- in the area, .

ljjﬂz;z‘ LONG-TERM CONTROL MEASURES
L 7 77 1, ‘The long-term alternatives to reduce or eliminate asbestos exposire

" from sprayed friable asbestos material are outlined in Table IT~2-2.

"o Anticipated fiber concentrations, and comments on working conditions are

?LfA,iﬁélﬁded. These methods of resolution fall‘withiﬁ two genéfsl'ga:engiesé;
1. Asbestos contaimment through use of a sealant (encapsu~ -

lation) or barrier (enclosure) system, -

2. Complete removal of the asbestos material from the structure. -

' }?lSEiééEién of the appropriate method or combination af’méthéééfwiil

_dépendvup§n é ﬁgmbgr~éf faétcrs including characteristics of the asbestos




Table 11-2~ 2 ALTEENATIVES FDR REDUCTIDN/ELIMINATZDN OF CDNTAMINATIQN FROM- SPRAYED ASB

g e

TypiL31 fibgr cﬁﬁcen?

tfa;;an in work area
(El;n )a :

Comrents

a, Dry nethods -
(Luagg naterial) -

: WEE méthads
(l) UnEfEaﬁed
&N (loose material)

gented viter
“(lﬁuie msterial)s;_

Amended vater. e
" (logse material in="
adequate H;0 applltatlan

o

h)‘ AﬂEndgd waler .
i (ﬁEmEﬂElElDu; maEEfLal)

’ﬂstenﬁlﬁﬂ e

eLang barrxer, lath
71&&5& material);

“Cailing, h;ngefs
(loose mgterxal) Dry
SEglanr EﬁESPSUIétlﬂﬂ
: 1§§5é maﬁerlal)

a.s

bt

#100,0 ()

23,1 (0)
2.8 (%)

18,4
08

L1

W

Yuch dust and dabris made wark conditions ﬂlfflfulti

Little dusting. Heavy water runoff %

(12)
o _ccntractar perfnr=ance in ugttxng ﬂaEEflal

Qr‘qillféd

hose supplied rgspxrazars (very rEstrlcixvg) Egbefs zove
geross de:ﬁntaﬂxaazlgn barerrs

Yery-dusty conditions, contanination control LFFQSSlLlF

fuilding esntanination evident, 71

Nearly na vater runoff,  Acceptable .Bﬂdlflﬂﬁ& Nn vx;xb]e

dustlng

Some dustlng evxdent, ,Dry pa::hes in mater1al ﬁﬂt?d le Four :

hn dusting ﬂated, gaad penetrat:ag ﬁf witer. Materia) failingf}‘

of f. in sheets and chunks Lﬁtact

Cﬁntact and dlsturbance gf ﬂalETLEl dqung 1n5tallgt10ﬁ by Hﬁﬁd E
strips with v;sxble Eﬁlislaﬁi B
Penefration of EELlLﬂg by hange:s and SUES;Qué*t d;£§Uf an:e by
novenent .2’ o ok

force of applxtatlﬂn varied durlng spraying. Eﬂ]U§EFEFt5 Dne aLr
sample that Eraducéd a zero count by optical microscer;, had

7% 10} ﬁg/m by TEM indicating 51gﬁ1flfani sna]l part;:le e~
lease by spray cnntact dLiEUF53nEE € T

cof observationsy

ined by NIOSK Yethod, phase. contrast microscopy.




Asbestos removal provides a final solution by elimination of the
contaminant source. It requires, however, renovation involving friable
asbestos material, with éigﬁifi&ant prabléms of warkér protection, pre-
vention of envirommental contamination, ané.eansidarable %ﬂ;étruptiéﬁ of
activities in the buildingi

Containment by sealing, encapsulation, or barrier systems usually re~
sults in much lower levels éfrasbestasrcgntamiﬁatiaﬂ during alteration,
takes less timé;‘énd'méy be less expeﬁsive, especially ifrfeplaQEmant igA. 
avoided. The asbestos source remains, however, and damage, deterioration,
or failuré of the prgtective system will result in recurrence of asbgstcé
contamination. Consequently, if asbestos containment is selectédiés tﬁer

blﬁﬁg%tefm solution, then some form of continuous or semicontinuous ambient
'manitcfiﬁg program is necessary to assure that the protective system main- .
tains'iﬁs iﬁtggfity over time, Maintaining low fiber levels may,faqui:e
strictly controlled ‘maintenance and custodial activities for Eﬁé life @fvthé
buildiﬁé;, Also, ;5"?fcblem of asbestos e#pasure'snd anvirénﬁéﬁ;al con~ :

tamination will pfégént itself again at the time the building is demolished.

AAZgSfIASEESIQS EMISSION éDNTR@L AND PERSONNEL PROTECTION
,ihé work associated with asbestos containment or removal involves
,diséﬁébéncg of the fiber matrix by contact, with dispersal of f%bef% into
the éﬁvifﬁﬁﬁénti Thé dispersal is massive in dry removal gfklaése ftiablé:"
material;viécéli;ed, but high, in iﬁstallatiaﬂ of hangers or Iaﬁﬁ for a
fbérriér systéﬁlsﬁd één be significaﬁt‘aQEﬁ in spraying»g'sééiant onto a
 C1f£i%gié‘a5bESEQS surface. Wﬁatgﬁéf‘ééﬁfsé dfléééiaﬁvis‘sélecﬁed fafrss;:

bestos containment or removal, asbestos contamination or emission.control

~ and petégﬂﬁélvpfateétiéﬂ are required by EPA and OSHA fégula;iaﬁs §g o

11244
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Asbestos contamination control minimizes fibéf dispersal in the removal
area, fiber emissions to the outside environment, and residual asbestos

contamination. The basic steps are:

1. Fiber containment: Barriers will pfévent1ﬁgvemenﬁ of fibers
to other buildiﬂg spaces and into the community. Barrier
systéﬁs should be used to enclose any work area and may be
used to iséla;a a4 room or an entire building:. Ventilation
-and heaﬁing systems must bg shut down and all openings and
vents sealed, and any building equipment or furniture enclosed
in a protective cocoon. Any object, duct, window, or passaééfv R
way that could be contaminated sh@ﬁld be isolated. ,Spééial

care. should be taken to locate and seal all possible épaningsi

w—-

will

2, Fiber control: Wetting the asbestos-containing materi 1
reduée:frll'il ity and change the aergdyﬂgmlcs af.the released
fibers. The addition of a wetting agent will enhance penetra-

tion, reduce the amount of water needed, and generally increase

the control effectiveness.

.5ince fiber dispersal probability and concentrations are patentlally
high pfate:tlaﬁ of working personnel is necessary and includes” Lﬁstrucé;on, 1
fesplfatgfy praﬁectlon supervision, and decantsmlngtlan; Tha fallaw;ng
list is considered- apperflaEE to both: prav1de and " dacument worker pro-

thétign- This prat ction should also apply to any éther perécn Eﬁtéflng

... a-removal jab site, .

 II=2-5
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3.

Instruction: OSHA regulations specify the use of certain

equipment, decontamination procedures,. and work sequences.

Adequate instruction of the work force is absolutely

Respiratory protection: Each worker should be afforded

respiratory protection as appropriate to anticipated fiber
levels according to OSHA regulations 29 CFR 1910.1001,
Spgervigigpf Adequate supervision is necessary to maintain
the performance fequiréd for safety. Adequate instruction
will help to a great extent, butvﬂontinuausly effective

respirator use and decontamination will depend upon con-

tinuous and effective supervision..

Personnel decontamination: Following each day'sractivities,vir
decontamination is necessary to prevent exposure of famil§ ;“
and personnel contacts., A decontamination facility shauld j’
be provided and include a changing room, shower room, and

H

equipment storage area. An outline of a decontamination

procedure is given in Appendix D.




3. 'ASBESTOS CONTAINMENT

3.1 ENCLOSURE SYSTEMS
Enclosure of a sprayed asbestos surface places. a barrier between the. -
asbestos~containing material and the area Gfracﬁivityi Either a suspended
bbafiier;ar an attached lath system-is usually used. Depending upon the |
biiﬁtegfitj and type of barrier system, a dissemination of fibers by fallout
. Qiiirﬁaké:élace behind the barrier only, and exposures below thé barrier
willybe gréatiy reduced, Contamination from contact will theoretically
Vbe pté€éﬁteﬁ-by the barrier. A barrier system must not canneéﬁ with an
air pigﬂumréystém; and the enclosed space should not ;émﬁunizaﬁe in any
way with pértiéﬁérmfAtEe’aﬁéupiéd'buildiﬂg.
inségllaﬁiaﬂ of haﬁgersvar lath necessitates contact and penetration
. and will fésﬁlt in asb23t§s fibér dissemination, frequéﬁtly in excess gfi
existing OSHA regulati@ns; chsequéntly,;Wékat exposure pfa;eééian in
1accgrdanéé;éith QSHArshauld be required during this work. Fuftﬁafﬁﬁfé,
fiber dissemiﬁatign,py fa}iau;vwil;"égn;inué with:accumﬁlgtiéﬁ‘ﬁf fiﬁers
~ behind the barfief:systém;j7C§ﬂ$é§§éﬁﬁ1y, entry into these a:eés,will re-
_qu;re protection and:fiﬁgr céntaiﬂmentVéréééﬁtiéﬂsfl
igfhé;uﬁéértaintiésvin its long-term effectiveness, thé;ﬂéed for c§@¥j :
‘ftinue&ﬁgif:@gngﬁéfiﬁg; and the remaining problem at thérﬁimé éf‘deﬁéiiﬁign

- or renovation make this method unattractive.

O
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.3;2 ENCAPSULATION WITH SEALANTS

Encapsulation with sealants may makerr3plazement of sprayed asbestos
materials unnecessary. The use of a sealant means rétentiéﬂ of the as-
bestos material aﬂi reégftéﬂ;e éf ﬁhe problem if»théiSESlaﬂt is damaged

‘or penetrated. In addition, this postpones asbestos control to the time
of major renovation af.buildiﬁg demélitiaﬂ_ The use of sealants may be
restricted by characteristics of the sprayed asbestos surface igsglfi The '
integrity of an encapsulated surface depends up@ﬁ bonding EEEWEEH the
sprayed asbésfﬂs matefisl and sgpp@fting structural members. A sprayédb‘
asbestos ceiling for example, withriﬂitiaily poor adhesion to a smagih

 §$£& structural ceiling suffaée will result in shearing and failure of the
égil thickness of sprayed material and the applied sealant. Accessibility

,éﬁd g§ét behavicr should also be carefully considered. Seslaﬁt‘ﬁséd on
asbestos surfaces within reach of children in a school willrpraﬁabiy be
damaged évén;gally leading to continued asbestos exposure.

,Thé:Séaliﬁg'éf sprayed asbestos surfaces iﬁvalvés applying material
tﬁéf §i11 envelop or coat the fiber matrix and eliminate faliaﬁﬁ and‘prgé
tect against'zgﬁtacc damage. Sealants are usually applieﬂjtévéSEestgs
surfaces by spraying and consist of polymers ?ith an agent addaﬁ to en-
ﬁgﬁQekaﬁétfatign into the fiber matrix. Sealants which are cuffenély
avallabla 1ncluda w322f=based latex polymers, water sglublE'gpaxy resins
and ﬁfgaﬁlﬂ salvant based palymérs of varlaus types.

Nearly any. Eealan; Df encapsulstlcn methad will réduce fallcut con-

'fftsﬁiﬁatién._ The more effeﬁﬁiva sealants, however, will have resistance

a'té meaet and will reduce asbestos release due to contact. In Gnéistudy;»‘

"',latex palnt sprayed over a friable asbestas surfa:a was effective in-

11=3-2.
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of optical microscopy, and may require electron microscopic examination

reducing background fiber levels in the building from fallauﬁ, This coat-
ing failed, however, to significantly reduce building asbestos exposure
levels during routine activity due to contact or reentrainment,2? Even
in the case of a fairly resistant sealant, suitable protection should be
used against heavy physical damage. A system Gf routine inspection and
repair should insure the integrity of a sealant s}stgﬁ.

Application of a sealant by spraying will cause dissemination of small
fibers by contact. A sealant should be applied with as much caution and

at as low a nozzle pressure as possible to reduce contact distuyrbance.

.The potentially high concentration of small asbestos fibers could cause.

~‘significant worker exposure and thus, workers require protection with

respiratory devices and decontamination. Such asbestos fiber contamimation

':frgm,appiicatién of sealants is usually not detectable by the NIOSH method

for définitiaﬁ;1?5§2 é
 An effe;;i?é:sggléﬂﬁ'Shauldipgssess the falléwing Eharsctéristics:
1% rThévgéaiaqtbéthld a}iminaté fiber dispersal by:aéhéring
'to'thé’fiﬁféﬁé substrate witﬁ safficiéﬂﬁ4péﬁéﬁtéfién tgf
prevent separation of the seaiant from the sprayed aSEEétﬂﬁi '

‘material,

ff:2; It shaﬁld,Withsﬁand most impact and pgqetratign,sﬁd §§i11l31‘:,
,pratécébthg Enﬁlésedrgprayed asbéstés;@étefisii
5; It ghguld possess enough flexibility to aeéaﬁﬁcdsté azﬁa=r
sphéiiéfcﬁgﬁéés and settling of the structure over time.
4e Tt should have high flame retardant characteristics and s lov

_ toxic fume and-smoke emission rating. This is, of course, =

aries




essential if the enclosed sprayed asbestos material was used
'initially for fire retardation and protection of structural
ﬁémbers.v | |
5. It must be Easilj aéplied by nonspecialized pérsanﬂei, with
relative insansitiﬁitybta errors in prapaéstign or application.
' Ease of repair by routine maintenance persomnel is desirable,
6. - The sealant must be neither noxious nor toxic to application
workers and s:ruétufe uéers thereafter. Since spraying _
creates fiber dissemination and exposure, fiber containment
by barriers is desirable during application even though this
‘may be incompatible with ventilation necessary for toxic fép@f_v
removal. |
7. It should have some permeability ;é water vapor to pté?en:fw
condensation accumulation, and resistance to solution bf common
cleaning agents.
 8,12It shauld havé suitable stability to weatherimg and agiﬂg
:.9; 'It shauld be a;ceptablg by arehitégtural aﬂd esthétic standards.

. Séélant selectiﬁn and appligatian Shauld be made,with gnnsidetatiun»
given to Ehé canfiguraticn, dimEﬁsiaﬂs, use and charaeteristics af the
gtruatura iﬁVﬂlVéd. The 1isted characteristics abave may assume differing
1ev215 of impgttanﬁe in ggﬁsidefatian af the specific appligatian. -

 Additicna1 considerations in-selegting a saalant are: |
_ 1. Ihe coated structural member should bériﬁE§Ected; Bonding.
.;betweeﬂ the spfayed asbestos material and struﬂtufal memﬁéf mué£ f‘
{bé adaqﬁata.ta acﬂammudatg the’ added weight and EﬂheSiVE massnk‘

;gf the engapsulatéd asbestas material.

L




. 8ealants are not generally recommended when surfaces are

3 M
o

accessible to physical damage, such as low ceilings in school
corridorg or stairwells.
3. The cost af asbestos stripping versus encapsulation should
‘ibe estimated. A complex or relatively inaccesgiblé surface
may defy economical asbestos removal, and present an ideal
situation for encapsulation, |
4. Replacement material needs for fireproofing and thermal or
acoustical iﬂsulatiﬁﬁ mﬁst be met after removal. Such replace-
‘ment may be avoided by encapsulation.
5. The moving of furniture, Equipmént, or par;itiana necessary
in asbestos removal may be significantly reduced if encapsu-
lation is used.
Sealaﬂts;fai asbestos material are presently being evaluated by the
Eﬂvi:énmEﬂﬁglyPrgteé;ign Agency, Power Technology and ngsarvagigg Branch,

Industrial Environmental Research Laboratory, Cincinnati, Ohio 45253;

O
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4, ASBESTOS REMOVAL .

Builéing chaféetefistics, the inability to eliminate éspasure, and
the uncertainties of asbestos disease epidemiélagy ﬁay be tﬁé.crucial
factors in the decision to remove thé sprayed friable asbesﬁas materials.
Beth EPA and OSHA regulations infiueﬁgé the manner in which asbestos
stripping or removal is aﬂémmplished‘ Work practices du:iﬂg asbestos
stripping and disposal gperétiahs are covered by EPA regulation 40 CFR 61,
V»gﬁbﬁéft B: National Emiésian Standaxrd for Asbestgs;ég Landfill dispdsal
_and site requirements are covered by 40 CFR 61.25, waste disposal sites.
Wgrkgfcptépéétiag during removal or stripping operations is éaveféd bi
,DSHA réguiatians 29 CFR 1910.1001, occupational exposure to asbéstés!

: Thésg regulations are discussed in detail in Appendices G and H.

4,1 DRY REMOVAL

'.; ” Dry removal of untreated friable asbestos matefial is definital? ngﬁ
tééammeﬁdad, but may be necessary in instances of unavoidable damégsry'r
through thé ﬁ5é of wet removal techniques. Dry removal requires specific
EPA apptavéi; As sﬁ@wnrin'fgbie 11-2-2, dry removal resulﬁéiiﬁ Heavy
airborne asbestos Qénﬁa%inaéiéﬁiwitﬁrfibervéaunté thagléaﬁ:e£cegd
'“*iOélf/ng, >Thebpgtéﬁtial for §§fkgr, éé%uéﬁurég”and :cmmpnity contamina— -
' 'gi§g§iévhigh, and complete fiber containment b§ é Eéfiésiéf harfie?s ishil

‘'’ necessary, along with an elaborate system for debris removal and worker

Ireh-1




‘decontamination, - Studies have shown that significant contamination can
occur across a double barrier entrance under working conditions during
dry removal, Considering existing data on dry removal and fiber behavior
in settling and movement, contamination spread and heavy exposure appear
unavoidable.

Dry vacuum methods for rapid removal of debris from demolition areas
rely upon evacuation of all fallen visiﬁlg asbestos material through
vacuum lines that penetrate the barrier system. The material is drawn
through the lines té a paiﬂt,uéually outside the structure, deposited in
sealed containers, and the agcumulated>matérial removed to a dispasal.sité-

" The vacuum system exhaust is filtered to prevent”gﬂﬁﬁaminsti@ﬁ of the.

. _féxtefnal envirgnméﬂt_ A vacuum 5ystem ﬁéiné an exifaztian air velocity -
1 métEIISEEQﬂd (200 ft/min) and an HEPA (high efficiency particulate) 1::
fiitéfed exhaust is in use in CGreat Britain.?! Evaluation of bﬂtﬁ in-
rtéiﬁél‘gén;ainment and external exhaust cannot be considered cgmﬁiete

because of a lack of appropriate air sampling data.

.végé'VWET REMOVAL
"{f Wet removal is based upen the ability of water to lower both the
‘friability of the sprayed material and EheAaercdyﬂsmic capabilities of the
;'féiésseﬂ'fibéfa; Water will rendsr the material less friable and more:
caﬁesi§e;‘gﬁd‘g?aatly reduce the release of fibers, thus rédﬁéingvaifﬁarﬂé
asbéstas‘laﬁélsg  Fibérs that’gée released will £all fapidly_if wet. A
Vsuggéstéd wqu égqqenégiféf wet ?émgyal'ig;listed in‘Apéeﬁdii E;j
Tébie 11-2-2 lists anticipated fiber éﬂntéminaéianvlgvels using

 water, As shown, asbestos exposure levels may be reduced by as much as i

.. 75.percent using wet removal rather than dry removal.. The use of.plain7tmiz

I1=4-2
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water, however, is not entirely satisfactory because of slow penetration,
incomplete weﬁfing, and béthérsgmé runcff; Even with extensive soaking,
areas of dry material will remain. The runoff not only is a safety and
cleanup problem, but the resuiting slurry éill Qarrylfibérs to other areas
where Ehey will reentrain following evaporation.

Water penetraﬁian into a hydraphgbicnfibér matrix is significantly
increased with a wetting agent or surfactant. '"Wet' water is a common
item in use by fire departments, industry, and agricultufeigg This tech-
nique greatly reduces the amount of water needed for saturation, increases -

the cohesiveness of the fiber matrix, and increases the probability of

individual fiber wetting. This effect, as shown in Table II-2-2, results

in' a significant improvement in working conditions and significantly re-

duced envirommental contamination, Use of amended water can reduce fiber

‘counts by more than 90 percent as compared to dry removal. This reduction
- of- fiber contamination within the work area not only reduces potential
_worker exposure but relieves much of the dependence upon containment barrier

' sttgms for isolation of fibers within removal areas. Table II-4-1 lists

some wetting agents available commercially.

C1I-4-3




Table II-4-1.

COMMERCIALLY AVAILAELE WETTING AGENTS FOR WET REHDVAL oF

ASEESTDE IN BUILDINGS

Aquagralg cafp;fgf America
1400 Suckle Highway
Pennsauken, NJ 08110

Oceidental Chemical Co.,
Institutional Division
Box 198 :
Lathrop, Calif. 95330
Target Chemical Co.
1280 N, 10th St.
San Jose, Calif. 95112
Vineland Chemical Co.
~ Box 745 ’
Vlneland NJ DEBEQ

Leffingwall Chemical Co.
Box 188
Brea, Calif., 92921
Rohm and Haas Co.
Ag. Chemical Dept.
Independence Mall
W. Philadelphia, Pa. 19105
Thompson-~Hayward Chemical Co.
Box 2383

Kansas City, Kans. 66110

The LnCIuSLDﬂ of thlg 1ﬁf§fmaLLDﬂ shauld not be canstrued
as a product endorsement by the EPA or the “authors .




5. REGULATIONS AND COMPLIANCE BY CONTRACTORS

Fiber control, containment and worker protection are necessary in
aébéstgg abatement work since there will be environmental contamination
’:égafdless of the work method used. A considerable potential will exist

‘not only for worker exposure, but also contamination of the structure,
the community, and worker homes.

In most operations there has been an effort by the contractor to
minimize asbestos ﬂan;émiqatian by compliance with OSHA and EPA regula-
tions and by additional control procedures as appropriate.l6,20 However,
in some operations violations of both regulations and common sense have
occurred. Some contractors have removed ssbeat;S ab§a1u§ely dry instead

of wet as agreed, removed asbestos without réépiratars, d:apped‘ssbescus§
loaded bags down laundry chutes where they have ruptured, served coffee in
removal areas, and allowed heavily contaminated workers to leave the job
aite, 1621

A number of factors will influence contractor work practices:

i

. Attitude of purchaser of services: The purchaser of service

will be motivated to control asbestos exposure for various
“reasoms, These may include concern for well-being of build-
.ing users, fear of future legal involvement and claims by -

" users or their survivors, or fear of employee or uniom




created by these pressures has caused careless and mis-

informed actions that can lead to increased exposures
rather than decreased exposures. The harassed school
principal, apartment building owner, or corporation
executive often seeking the quickest and cheapest con-
tractor services may create a potential for signifizant
exposures and contamination.

Once a contractor leaves the job site, there are currently
no reguléticns protecting building users. Poor clean-up
of the removal area can lead to continual reentraiament
and resuspension, To ensure proper clean-up by the con~
tractor, the purchaser of contract services should provide
the contractor with definitive job specifications for as-
bastos removal. An example is included in Appendix F.

2. 0OSHA regulations: In general, the OSHA regulations are

effective in routine occupational asbestos exposure situa-
tions at a fixed location. lHowever, application to tran-
sient demolition workers who have no fixed place of em-
ployment is difficult. Demolition and removal operations
are mobile, often brief, quite variable in conditions.
Eﬁ%ééﬁ:és;-howevéf, may be extremely high. Pfgsegt regula-
Eiéﬂg‘do‘nat require worker instfﬁétian.fegéfdingmthe,}tv

1

_hazards of asbestos exposure and the use of respirators.

11-5-2
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Also, there are ambiguous requirements for decontamination E
'Sincé the p1a;ef§f‘empL§yméﬁt'isanE]fiiéd: Showering is . -

'not presently required: (Proposed OSHA regulations address ~—

these points with specific regulations requiring instruction,
respiratory protection, reporting, and decontamination by
showering for any regulated area where exposure occurs.)

EPA regulations: The EPA regulations cover emissions into

the outside environment, and disposal of material from job
sites. Regulatory coverage does not apply to tﬁéiﬁﬁildingr
environment apart from the prohibition of many initial uses
of asbestos materials. |

Contractor economics: Protection of workers, building users,

and the general community, means time, effort, and cost to

a contractor, The contractor who is both aware and concerned
about these problems faces economic pressure from those who
are not. This is not only discouraging, but in a low bid
competition may mean the difference in the awarding of the
contract, Consequently, safety ﬁrecauticns may be compromised.
As yet, there is no generally applicable equalizing force
such as enforced regulations or licensing of qualified con-
tractors. Consequently, as recommended above, the purchaser
must write definitive joE specifications to ensure the use

of adequate safety measures by contractors.

Contractor and ?arkg?rgtgitgégs;-'Aébgstﬁsvis a material -

" that has been used in construction for some time, and its’

carcinogenic potential has only recently gained recognition.

1153
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”Many workers have became sccustamed to handllﬂg asbestQS'* -

Liw1thaut precauslan,fand retfainlﬂg.ls d;fflcult. ;Qampapnd%¥#¥lr
?iégitﬁiéliéégﬁéffacﬁ'tﬁat-the’lsﬁEﬁéj:periad of as§§§f§5%;;],fﬂ,
:l,ﬁgd ﬁiseaée is frequently quite long. This has naﬁ
only blurred the vision of professional observers, but has
blinded that of many workrnrs and contractors to the conse-
quences of asbestos esy:rure. Unconcerned or uninformed
removal workers ii:uz wxposures for themselves, fellow
vworkers, and their families.
Contract specifications written for asbestos work should effectively
complement OSHA, EPAj and local regulations ant woy include specific

requirements for exposure and contamination prevention. The informed

purchaser, or one who must satisfy an informed building user and community,

will be motivated to define contractor performance in asbestos work. Such
specifications may include requirements for contractor competence in as-
bestos removal, OSHA and EPA compliance, special contamination control,
and air sampling. Such specifications essentially restrict bidding con-
tractors to those who know the work and regulations, This will encourage
and‘pfafEEt the competent contractor's investment in equipment and train-
ing. Definitive job specifieatians for asbestos removal similar to those

presented in Appendix F, therefore, are recommended.
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APPENDIX B

AERODYNAMIC BEHAVIOR OF AIRBORNE FIBERS

The aerodynamic behavior of Ei@fauSGShaped aerosol particles is go-
verned Ey the interaction of QppGSingerfEES: a dfiving forvee such as
is caused by gravitational azcelefaziaﬂ, aﬁd the visrnous fésistance of
the gaseous medium’within whiéﬁ the particles méve. In ﬁﬁis context, a
useful characterizing patameter is the aeredynami: équivalenz diamete*
:Jdéflned as’ that diameter of a spl’xer\= of unit density whose settliﬂg vela—
ciry einals that of the particle under consideration. Althgugh this
,Eq&ivalﬂﬁce applies‘ﬁn par;igles of any’ size, this apprcach is usually .-
'—.limited tu motion in -the Stakgs tegime, ;43., where viscous drag preda‘ B
;minagesi “The”;hgafeﬁi;al mgdeling ijfiberiae?adynamics becomes rather
complex when slip cgffggtians;afe feguirédjga i.e., when the‘aeradynéﬁic
kﬁiménsigns of the'paftiéié‘aépféééh the m@l&iglaf_ﬁeaﬁ ffgébﬁathréf the
ras matrix. Ac the other Extreme when the fiber Reynolds number (referzed
o lts diamec;:) exceeds the range from about 0.1 to 1, dfag coefficient
"cafféééigné,bééame significant %" R
i‘ éré:;ice most partlclés of b;alnglcal 1ﬁterest 1n¢]udlng those
of fibrous Sﬂ&pg, fall well within the range cavefed by Ehe Stokes model

ue-ge nerally agcepted *haéreglcal model far the:.calculation af the EqULVE;"

o

glént aeradynamiz dingEEf gf‘thé glbétS-lé based Qn the assumptlcn that




o}

the fibers can be approximated by ellipsoids of revolution. This concept

has also been used to predict the deposition of fibers in the human

respiratory system,9°,96

Two extreme cases can be recognized: (1) motion of the ellipsoid

(or fiber) along its axis of revolution, and (2) motion perpendicular to

i

the axis of revolution. It should be cgnsidered that the gravitational
settling motion of any‘partielé with three ﬁuﬁuslly perpendicular planes
of symmetry (such as an ellipsoid of revolution) will be invariant d;ring
its degcenﬁ; maintaining its initial orientation through its fall tra-
jectory, In practice, however, aébesggs fibefs,‘for examglé,rmay not

always be perfectly straight and the above-mentioned rule may not hold.

As noted abave, acicular partlcles can bs appfcxlmated by ellipsoids
of revolution falling under the action of gravity in either of two atti~
-cﬁdes described under (1) and (°,, or any intermediate. angle wiﬁhk£35pect
Ecrthé diféztiéﬁ of m@tiani In general, an aciéularrpafticlgvfalling with_i
" its axis vertical will have a higher teri ' i velecity than the case when '
itsiéxis is ncfﬁél to the directién'cf‘matign, Intermediate angles will
exhib;; intarmediate velocities.

Two equations prtESEﬁEAEhg two extreme axis*ﬁaémétign angles defined

above:?7.

4/3 d

For case (1): D, = — y N ;(;) B
152551;7_ arc cosh (B) - ==
(82-1)3/2 BZ-1

'ﬁﬁﬁfsand for case (2): DVV= 1.71;7 . B/3 L e Céjiw

2- 1
—_————— + T
'(1fség)3{?; re gosh (B)“ngsgz



wvhere D is the diameter of the sphere having the same settling veleeity.
L is the ellipsoild major axis length (or fiber length) '
d is the ellipsoid minor axis length (or fiber diameter)
B is the length-to-diamter ratio, L/d or aspect ratio.

Equations (1) and (2) have also been expreeeed'ee:gs |

- 75'77 —EE
Dls%d[za4- 28 -1 zn(5+* ﬂ (3)

B2-1  (s2-1)3/2 /BZ-1.
and .
_ -1 |
D, = % d[g S N /T)J (4)
£ ] 3253 (SE 1)3/2 B

which for the case B > > 1 can be approximated by:

2dB

RO | (5)
and S
“4dB
DZ' 3(2!1(25) r
s 'réSPEEtiVEl? |

Taes the velue of D hee been determined for a given pextiele, end
previded thet the peftielee fell vetticelly (no- leLerel glide) and do not
ebenge their efienteejen during theit veieieel me:ien, D can be replaced
in theﬁeleeeieeLVStekee equetieﬁ for a spherical particle, in erder_te vi
w~ee1eu;ete its settling velocity:
@ -Mdg AR
V- HEP 7:_L§7 () ST
8 ~3m nD : o

where V s the eettliﬂg veleeity

1;“ 'i M end M are the masses of- the partirle end the diepleeed gee
S 8 respectively , , .

CH ia usuelly negligible)




g is the acceleration of gravity

i n is the coefficient of gas visccaliy.

The rigorgus equations presented above were salvers [or the typical
density of asbestos fibers of 2.6 g/cm® and for air «t stundard condi-
tions., The results are shown in FigurérBél,_whi;h is a plot of fiber
settling velocity as a function of fiber léﬁgth and diamgtéf for the two
axis-to-motion orientations mgntioned abave; These curves show that the
settling velocity of fibers is only weakly dependent on fiber length but
strongly dependent on fiber-diameter,'and that in the iimit (B + =) the
settling velocity for a Veftitallfibéf is twice that of a horizontally
falling fiber,

In practice, for straight fibers the settling velocity will probably
Lfsll,bgﬁﬁéég‘ﬁhg two extreme orienuntion values, because thgkfiﬁef axis
will Ee'zhénged randgmly‘as'aAfésulﬁ of;Eféwniéﬁ:malécﬁlar bombardment
and in the case of nanétagﬂant‘éif'céﬁditians;Aby 1arg§fscale Eurﬁ@l?ﬁég,ili;
It 1ias @f 1ﬁtetést to note that for-fibers whose diame§2f‘is of the order

of 0.1 um, gravitational sedimentation occurs at the rate of only a few

centimetsrs pér'héuf;'eéen though théirﬂlengéh ﬁay-ﬁé as much as iDD~pm; v”
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APPENDIX C

ASBESTOS SAMPLE COLLECTION

C.1 BULK ASBESTOS SAMPLE GOLLECTION
A bulk sample is collected to determiv whether the
ceiling or other construction material contains any
asbestos minéral. Use a small sealable glass or plastic-
capped~c@ntaineri Hclﬁing the container as far as
possible from the face, thaiﬁvs full thickness core
sample of the sprayed material by penetrating the sur-
face with the container using a twisting motion., Any
surface coating such as paiﬁt on a cement matéfial:must‘
be penetrated, The céﬁiaiﬁer is’théaleééped;>§iﬁééjv
éﬁd segledAWiﬁh ﬁépe; Lébéling shaulé iﬁclﬁdé’bﬁ@ldingr
: - S identification, address, building type, .sample source
location, and date. ﬁisturbaﬂée of the material'étﬁéf
than at the sampling point should be kept to a minimum.
A rgspira;arAappra?gd for asbestos dust willrinsufe pfa¥

tection while pﬁff@fﬁiﬁg this work.

Repeat the proucedure at several adjacent sites,




- Approximate sample analysis costs for bulk material sample:

Method Approximate cost

Petrographic microscopy 525,00 “'51@9_033
with dispersion stainirg

X-ray diffraction $75.00 - $150.00

aiasﬁrpe:‘samplg generally varies with total number of
samples submitted.

é.z AIR SAMPLING FOR ASBESTOS FIBER
This procedure is followed to estimate concentration
levels of airborne fiber before, during and after a removal
or encapsulation operation. The source method also serves
long-term ambient-air moni.sving requirements following a
sealing operation or installation of a barrier syscem.
The geherél ptaceduté éélls for drawing a knéﬁn vcléme of
alr through a membrane filter using a calibrated sampling:
© pump. Procedural details suggesting sampling times and
other parameters, ané sources of aquipméﬁﬁ are,éfailable
in the literature.82,83,88.83
Analysis of the membrane filters can be carried out by
‘Either phase contrast Gptigal’ﬁicr@scép?*éf_by Scagﬁing
or Transmission Electron Microscopy. »Whiie the former
technique is less costly, the latter gives a more cﬁmplege,
- estimate of number and size =% fibers present. The iét:zf’V
Vﬁeghniqﬁé (EM) iskéspegially,ﬁa;uablé_ih_disgiﬁguiéﬁiﬁg‘,

" mineral fiber from cellulose, glass fiber or other fibe:s

which may,b§ p?e§§ntAin the material being removed.




Price range for asbestos fiber analysis in air samples.

Method Approximate cost
Phase contrast optieal $35.00 - $50.00

microscopy (NIOSH Method)

Electron Microscopy ' $300.00 = $500.00
(SEM, TEM) :

A list of laboratories accredited for phase contrast microscopy as-

bestos counting (NIOSH) may be obtained from the American Industrial

Hygiene Association, 6€& South Miller Road, Akron, Ohio 44313,
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APPENDIX

RECOMMENDED DECONTAMINATION PROCEDURE

An adequate decontamination area consists of a serial sirangement of
connected rooms or spaces. All persons without o isuaptior nould pass
through this decontamination area for entry int:- n.n exit from the work

area for any purpose. Parallel routes for entry or exit are not recom-—

mended; if such routes axist they will eventually be used.

D,1 DECONTAMINATION AREAS

l. Outside room (clean area): 1In this room the worker leaves
all street clothes and dresses in-clean wafking clothes

(usgaliy dispégabia coveralls). Respiratgry protection -

“equipment is also picked up in this area. No asbestos con-

tamigaged;iiemsrsﬁ§u;§ enter this roow. Workers enter this

room either from Qutéiﬁé'ﬁhg structure dressed in street
clothes, rr naked from the showers.

2, Shower room: This is a separate room used fgflﬁfansit by
éléanly dressed workers entering the jobh from the éutsidg

“room, or by .orkers headed for the showers zffrsur undressing

in the equipment room.




Equipment rcom !contaminated area): Work equipment, foot-

'

wear, additional contaminated work clothing are left heref
- This is a change and transit area for workers.

4., Work area: The work area should be separated by pglyéihyiéﬁé‘
barriers from the equipment room. If the airborne asbestos
level in the work area is expected to be high, as iu dry re-
moval, an additional intermediate cleaning space may ve added

between the equipment room and the work area.

. DECONTAMINATION SEQUENCE

[
ra

‘1. Worker enters outside room and removes clothing, puts on
clean coveralls and respirator, and passes through into
the equipment room. |
2. . Any additional ciathing,aﬁﬂ équipmantrleft iﬁ dirgyyfﬁgm
required b; the worker is put on. * (When the work area is
'Eéércéldbfg% écvéfails'@nly;‘the'worker'ﬁili'usuélly ﬁréﬁiaérv;f -

himself with additional warm garments, - These must be treated .

as contaminated clothing and left in thé decontamination

unit, )

3. Worker proceeds to work area.
4, Before leaving the work area, the worker should remove all

gross contamination and debris from the overalls.  In prac-

‘tice this is usually carried out by one worker assisting

" another, -

ERIC
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The worker proceeds to equipment room and removes all
clothing except respiratory protection equipment. Extra
work clothing may be stored in contaminated end of the unit.
Disposable coveralls are placed in a bag for disposal with
other material. The worker then proceeds rapidly into the
shower room, Respiratory protection equipment should be
removed last to prevent inhalation of fibers during removal
of contaminated clothing.

After shovering, the worker moves to the clean room and
dresses in either new coveralls for another eutry or street
clothes if leaving.

Respirators are picked up, cleaned and wrapped by protected
workers in a separate area by washing. The respirators are
then brought to the clean room by anl@uﬁside worker. The

cleaners then exit through the shower units as usual.

\ul
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APPENDIX E

STRIPPTING SEQUENCE FOR WET AND AMENDED WATER METHODS

PREPARATION

1.

L

Isolation of the work area heating and ventilation system 1is
carried out first to prevent contamination and fiber dispersal
to other areas of the styucture during stripping.

The work area 1s prepared by removing as much furniture,
equipment, and miscellaneous items as possible. Anything re-
maining should be sealed with polyethylene sheeting. It
should be noted that in situations of deteriorating asbestos
surfaces such activity may result in contact and reentrainment
contamination to significant levels, and personnel protection
should be used.

The removal area is lsolated, restricting access according to
OSHA regulations. This is done by sealing corridors and
entry ways with polye;hyleﬁe barriers. The decontamination
area should be set up at this time.

Removal of ceiling mounted objects such as lights, partitions,
operation. This will usually result in contact with the
cediling with potential significant exposure. Localized water
spraying during fixture removal will reduce fiber dispersal.

E-1
9



10.

11.

Asbestos removal: Water spraying with respraying as required
if dust occurs during removal of the material by dislodgement
and scraping. (See Figure E-1).

Removal of debris: Collection of the material and labelling
according to OSHA regulations using six mil or heavier plastic
bags. The use of 55-gallon drums is strongly recommended as

a2 fecondar; contalnment system for the bags. (5ee Figure E-2),
Gross clean up: AllL debris mustlbe placed in bags and drummed

for disposal. Spraying of fallen material may be required since

" higher counts are possible during this operation. Continued

spraying of the fallen material is recommended. It should be
noted that water-soaked fall material left overnight can lose
much of its water content due to evaporation,

Repeated cycles of cleaning at intervals is suggested to collect
settled fibers. A ninimum of two such cycles 1s recommended
with 24 hours intervals between,

Disposal: Disposal should be in accordance with EPA guidelines.
Special high cost hazardous waste waterial disposal services
are usually not necessary if the sanitary landfill disposal
area and procedures are performed within the EPA regulations.
Stringent visual inspection of the removal site should be per-
formed to insure adequacy and completeness of the removal
procedure.

Air sampling: Alrborne asbestos sampling should be performed
both during and following asbestos stripping operations.

During stripping sampling in the removal work area, outside

E~2 o



ing ceiling naterial.

i0n

Figﬁ e E~1, Removal of asbestos-conta
of headgear, coveralls and respiratory protect

T
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containment barriers and within the decontamination area
should adequately determine the adequacy of contamination
control. Air sampling will supplement post-removal visual
inspections and establish the completeness of the removal
process. Post-removal sampling during custodial activity
is most likely to reveal residual contamination from

settled fibers.



APPENDIX F

The following are suggested specifications which should be presented
to a prospective contractor to determine whether a renovation or asbestos
removal job can be accomplished in a safe and satisfactory manner.

1. Documentation of Performance in Asbestos Removal

a. The contractor shall furnish documentation of successful
performance in asbestos removal. This will include nare
and address of purchaser of service, location of work
performed, and a record or air monitoring for ashestos as
required by OSHA 1910.1001.

b. The contractor will have at all times in his possession
at his office (one copy) and in view at the job site
(one copy), OSHA regulation 1910.1001, Asbestos, and
Environmental Protection Agency 40 CFR Part 61, subpart B:
National Emission standard for asbestos, asbestos stripping
work practices, and disposal of asbestos waste.

2. Scope of Work

a., The contractor shall furnish all labor, materials, services,
insurance and equipment necessary for the complete removal

of all asbestos located at the site in accordance with the

e
T



guidelines or regulations of the responsible state
agency, EPA and OSHA.

The contractor shall furnish proof that employees
have had instruction on the dangers of asbestos ex-
posure, on respirator use, decontamination, and OSHA

regulations.

Worker's Dress and Equipment for Asbestos Removal

a,

Work clothes will consist of full body coveralls,
disposable head covers, boots, or sneakers, and respi-
ratory protective equipment as required by OSHA regu-
lations. Eye protection and hard hats should be avail-
able as appropriate.

Coveralls should be of a paper disposable type.
Respiratory protection for workers shall be provided

by the contractor as required by current OSHA regulatdion.

Decontamination

All workers, without exception:

a.

Will change work clothes at designated areas prior to
start of day's work. Lockers or acceptable substitutes
will be provided by the contractor for street and work
clothes.

All work clothes will be removed in the work area

prior to departure from this area. Workers would then
proceed to showers, Workers will shower before lunch
and at the end of each day's work. Hot water, towers,
soap, and hygienic conditions are the responsibility of
the contractor.

F-2
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3. No smoking, eating or drinking is to take place once beyond
the clean room at the job site. Prior to smoking, eating or
drinking, workers will fully decontaminate by showering.

Each worker will then dress into a new clean disposable
coverall to east, smoke or drink. This new coverall can then
be used to reenter the work area.

4, VWork footwear will remain inside work area until completion
of the job,

5. Pre-Asbestos Removal Preparation

a. The contractor will thoroughly seal all openings and
fixtures including, but not limited to, heating and ven-
tilating ducts, sky lights, doors, windows, and lighting
with polyethylene taped securely in place.

b. Polyethylene sheets (6 mil minimum) will be used to
cover the entire floor and wall surfaces.

c. The contractor will set up a decontamination facility in
a predesignated area which will house the changing room,
shower area, and equipment area,

d. Adequate toilet facilities should exist in the work area to
avoid decontamination for this purpose. Where such faci~
lities do not exist, the contractor will provide portable
service.

e. Procedures will be written for svacuation of injured
workers. Aid for a seriously injured worker will not

be delayed for reasons of decontamination.

F-3
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6. Methods of Asbestos Removal

a. The asbestos material will be sprayed with wvater
containing an additive to enhance penetration. The
additive, or wetting agent, will be 50 percent poly~
ethylene ester and 50 percent polyoxyethylene ether
at a concentration of 1 ounce per 5 gallons of water.
A fine spray of this solution must be applied to pre-
vent fiber discurbance preceding the removal of the
asbestos material. The asbestos will be sufficiently
saturated to prevent emission of airborne fibers in
excess of the exposure limits prescribed in the OSHA
standards referenced in these specifications.

Removal of the asbestos material will be done in small

a

sections with two-person teams, on staging platforms,
if needed. The material will be packed into labeled
6-mil plastic bags held within 55-gal drums prior to
starting the next section to prevent the material from
drying.

c. Packed and sealed drums, with the required labeling,
will be delivered to a predesignated disposal site for
burial. Labels and all necegsary signs shall be in
accordance with EPA and OSHA standards.,

d, Following removal, the entire area will be wet cleaned.
After a 24-hour period to allow for dust settling, the

ntire area will be wet cleaned again. During this

[y]

settling period, no entry, activity, or ventilation will




Alr

be allowed. Twenty-four hours after the second cleaning
all surfaces in the entire work area will be thoroughly
vacuumed and wet mopped,

All polyethylene material, tape, cleaning material, and
clothing will be placed in plastic-lined drums, sealed and
labeled as described above for the asbestos waste material.
All equipment will be cleaned of asbestos material prior

to leaving the work area.

Monitoring
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monitoring will be conducted to ensure that the Contractor
is complying with all codes, regulations and ordinances.

The method to be used is described in 05HA standards,
1910.93a. The air monitoring technician and his equipment
will be subject to approval of the purchaser's represen-—
tacive. Prior to the start of any work, the technician's
method of measurement and proof that his methoed is approved
by the Secretary of Labor of the United States will be
submitted to the purchasers representatives for his approval.
Air monitoring will be performed to provide the following

samples during the period of asbestos removal:



Area to be Number of Minimum sample volume
_sampled _samples _ in liters

Work area 4 60

Outside work area barriers 2 120
Outside building 2 240
Samples will be taken after the actual removal

operation has begun,

8. Clean-up and Guarantee

a. After the second cleaning operation the'fcllcwing test
should be performed: A complete visual inspection should
be made to insure dust free conditions, and two alr

. samples within 48 hours after completion of all cleaning

work should be taken. (Minimum volume of air sample
240 1lditers).

b. 1If noncompliance occurs, repeat cleaning and measurement
until space is in compliance, Refer to 29 CFR 1910,1001, 7a.

9. Disposal of Asbestos Material and Related Debris

a. All asbestos materials and miscellaneous debris in
sealed drums will be transported to the predesignated
dilsposal site in accordance with tte guidelines of the
U.S. Environmental Protectioen Agency.

b. Workers unloading the sealed drums and machinery operators
will wear respirators when handling material at the

disp@sal¥§izeg
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¢. The bags may be duﬂ’l}zgd from the deutes {,to the bur=al =
The drums may be reused. However, if o bag is brokeep
or damaged, the entire drum should be poirie«.

10. 1If, at any time, the purchaser's cep Tegenta tive deccide sy
that work practice are violating per tiyent TeguwlatFons:opy
endangexing vorkers, he will immediatels no tify in wri_t-
ing the ana—siﬁé contractor represent atiet that operati_pg
will cease until corrective action Ls t=ken .

Figure F-1 shows the gemeral sequence which shoykd be fo dlowred iy =

i8he=stos removal operxration,

10y




Plastic birrier protects building octupants From the Respirator protects worker during asbestss resoval,
ashestos removal area,

fef! ing ashestos wetted to decreise ks bestos m&terjﬂ being loaded in Sealed bags are transported to-
ditborne fibers durfng removal process, approved containers, sanitary 1andfill for dispsal.

Figure F-1, Sequence of steps in an asbestos removal operation.
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Section o Content

material héﬂdliﬂg and labelling, and dis-
posal regulations including site requircwents.
Specifies the applicability of standard to
stripping or removal of asbestos materials of
more than 80 meters (260 feet) of covered pipe,
or 15 square meters (160 square feet) of
friable asbestos materials used to cover a
structural member.

Written notification to Reglonal EPA Admin-
istrator is required 10 days prior to begin-
ning of renovation (information to be pro-
vided is listed).

Procedure to prevent emissions are described:
adequate wetting, local exhaust ventilation
systems, proper movement and handling, and
exceptions to wetting requirements.

Spraying of over 1 percent asbestos material
on structural members is prohibited.

Waste disposal methods in renmovation shall
not produce visible emissions: waste ma-
terial will be placed in locktight container
while wet, and dispésed of in sites in

accordance with provisions of §61.25

G2




Section Content
§61.25 Waste disposal sites This section contains regulations on
emissions access restrictions, sign
posting, and operating methods for
asbestos waste disposal sites.

Amendments to 40 CFR, Part 61 have been proposed and are found in the
Federal Register of Wednesday, March 2, 1977, The proposed amendment will
resolve certaln ambiguities and omissions in the present standard.

The applicability of regulations on removations, removing and strip-
ping asbestos is broadened by deletion of phrases which limit application
of the regulation to asbestos sprayed for inmsulation and fireproofing
only. The proposed changes would enable the terms to cover all sprayed
friable asbestos material, for whatever the intended purpose.

The amendment also c¢larifies the definitdion of structural member,
and specifically includes nonload-supporting members such as ceilings and

walls in the scope of the regulation.
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APPENDIX H

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION REGULATIONS
PERTAINING TO ASBESTOS

Applicable regulations of the Occupational Safety and Health Admin-

istration U.S, Department of Labor are contained in Title 29, Code of

Federal Regulations, Part 1910,

Regulations specific to asbestos removal

or stripping are contained in Section 1910.1001 et seq. and are summarized

below:

Sectdion 1910.1001

(a) Lists definitions.

(b) Sets linmdits

for permissible

exposure to airborne con-

centrations of asbestos
~ Eibers.

(c) Methods of compliance

recommend meihods to

meet limits for exposure.

Content
Definitions of asbestos and asbes-
tos fibers, size limitation of
5 micrometers or lomger.
Eight-~hour time-weighted average
IWA: two fibers, longer than 5
micrometers, per cubic centimeter
of air (£/em®). Maximum concen~
trations: 10 f/cmd.
(1) Engineering methods: isolation,
enclosure, ventilation, dust col-

lection should be used to meet the

exposure limits.

e
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Section 1910.1001 Content

(2) Worker protection: Wet methods
will be used, insofar as practicable,
to prevent the emission of fibers

in excess of the limits.

(2)(11i) This section lists speci-
fic requirements for both respira-
tory protection and special cloching
for removal workers.

(d) Personal protective equip~ Resplratory protective equipment

ment is specified for and special clothing are required
various conditions-. whenever the exposure limits can

reasonably be expected to be ex-
ceeded. Equipment approved by the
agency is referenced.

Respiratory protection:

(d)(2) (1) Concentrations up to

10 times the allowable limit

(20 £/cm® TWA, or 100 f/cm® ceiling
1imit): air purifying respirator.
(d)(2) (i11) <Concentrations up to
100 times the limit (200 £/cm® TWA,
or 1000 f/emd ceiling limits) re-
quire powered ailr purifying respirator.
(d)(2) (11i1) Concentrations above

100 times the limit require type "C"




Section 1910,1001 Content

supplied air respirator, continuous
flow or pressure demand class.

(d) (3) Special clothing shall be
provided if limits are exceeded.
Includes coveralls, head coverings,
foot coverings.

When clothing regquirement is nmet,
laundering service or disposal

should be provided.

(&) Method of measurement of Determinations of airborne concen=-
fiber concentrations is trations of asbestos fibers shall
defined. be made by the membrane filter col-

lection method with phase contrast

microscopy,
(f) Specific procedures of Personnel monitoring, environmental

neasurement and monitoring. wmonitoring and frequency of moni=-

toring are covered.

(g) Caution signs and labels Specifications and use of signs are
are defined. outlined. Posting of work sites

and use of caution labels on asbestos

material are described.

(h) Housekeeping to reduce Cleaning of all objects of accumu-
exposure and waste dis— lated asbestos debris, and sealing in
posal methods are impermeable, sealed containers.

described.




(i)

Section 1910.1001 Content

Specifies recordkeeping and Employer records on exposure. Time

requirements for main- requirements and record dispoSition
tenance and retention of are covered., Records of monitoring
records. should be retained for 3 years.

Lists medical examination Applicability, specific requirements,
requirements. frequency of medical evaluations.

Annual and termination examination

requirements are listed.

A notice of proposed of rule-making for occupational exposure tO as-

bestos (29 DFT Part 1910) is found in the Federal Register, Thursday,

October 9, 1975. The major issues relevant to removal and stripping oper-

ations contained in this proposal are:

1.

Lowering of the exposure limits to 0.5 f/cm3 TWA and lowering
of the ceiling limit to 5 f/em®, Ceiling concentration sampling
time is defined as a period up to 15 minutes.

The applicability of the standards to transient woTlk forces,
such as those found in demolition and removal is discussed.
This reflects a concern for exposures in work places of a non-
fixed nature, and resolves the ambiguities in this area.

No one type of respiratory protection is required in Temoval

or stripping activities, but is in proportion to anticipated
concentrations of asbestos.

The regulated area concept is introduced as any work area where
a person may be exposed to airborne concentrations of asbestos

fibers in excess of the limits imposed.

H=4
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5. Decontamination by showering is required.

6. An emplayéé-infarmatiaﬁ and training program is required.

A revised recommended asbestos standard was promulgated by NIOSH in
December 1976. The recommended exposure level in this document is 0.1 f/cm3
8~hour TWA with ceiling concentrations not to exceed 0/5 f/cm3® based on
a l5-minute sample. The essential purpose of this reduction is to ma-
terially reduce the risk of asbestos-induced cancer. The analytical tech-

nique of phase contrast microscopy 1s retained in this recommended standard.



APPENDIX I

U.S. ENVIRONMENTAL PROTECTION AGENCY AND
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

EPA REGIONAL OFFICES

Region I Region V. |
Connecticut, Maine, Massachusetts, Illinois, Indiana, Minnesota, Michi-
New Hampshire, Rhode Island and gan, Ohio, and Wisconsin
Vermont 230 South Dearborn
John F. Kennedy Federal Building Chicago, Illinois 60604
Room 2303 (312) 353-2000
Boston, Massachusetts 02203
(617) 223-7210 Region VI
Arkansas, Louisiana, New Mexico,
Region 1I Oklahoma, and Texas
New York, New Jersey, Puerto Rico, First International Building
Virgin Islands, and Canal Zone 1201 Elm Street
Federal Office Building Dallas, Texas 75270
26 Federal Plaza (214) 749-~1962
New York, New York 10007
(212) 264-2525 Region VII
Iowa, Kansas, Missouri, and Nebraska
Region ILI 1735 Baltimore Avemnue
Delavare, District of Columbia, Kansas City, Missouri 64108

Maryland, Pennsylvania, Virginia, (816) 374-5493
and West Virginia

Curtis Building Region VIII
Sixth and Walnut Streets Colorado, Montana, North Dakota,
Philadelphia, Pennsylvania 19106 South Dakota, Utah, and Wyoming
(215) 597-9814 1860 Lincoln Street

Denver, Colorade 80295
Region IV (303) 837-3895

Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South Region IX

Carolina, and Tennessee Arizona, California, Hawaii, Nevada,
345 Courtland St., NE Guam, American Samoa, Trust Territory
Atlanta, Georgia 30308 of the Pacific

(404) 881-4727 100 California Street

San Francisco, California 94111
(415) 556-2320




Region X

Alaska, ldaho, Oregon, Washington
1200 Sixth Avenue

Seattle, Washington 98101

(206) 442-1220

DEPARTMENT OF LABOR
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

REGIONAL OFFICES?4

Region I

Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island and Vermont
John F. Kennedy Federal Building

Government Center

Room 1804

Boston, Massachusetts 02203

(617) 223-6712/3

Region II

New York, New Jersey, Puerto Rico, Virgin Islands, and Canal Zone
1515 Broadway

(1 Astor Plaza)

Room 3445

New York, New York 10036

(212) 399-5941

Region III

Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, and
West Virginia :

Suite 2100

Gateway Building

3535 Market Street

Philadelphia, Pennsylvania 19104

(215) 596-1201

Region IV

Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South
Carolina, and Tennessee

Suite 587

1375 Peachtree S5t,, NE

Atlanta, Georgia 30309

(404) 881-3573

4The regional offices should be contacted to find the area office nearest
you.
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Region V

Illinois, Indiana, Minnesota, Michigan, Ohio, and Wisconsin
Room 3263

230 S. Dearborn Street

Chicago, Illinois 60604

(312) 353-4716/7

Region VI

Arkansas, Louisiana, New Mexico, Oklahoma, and Texas
Room 602

555 Griffin Square Building

Dallas, Texas 75202

(214) 749-2477

Region VII

Iowa, Kansas, Missouri, and Nebraska
Room 3000

911 Walnut Street

Kansas City, Mo, 64106

(816) 374-5861

Region VIII

Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming
Room 15010

Federal Building

1961 Stout Street

Denver, Colorado 80294

(303) 387-3883

Region IX

Arizona, California, Hawaii, Nevada, Guam, American Samoa, and
Trust Territory of the Pacific

P,0, Box 36017

9470 Federal Building

450 Golden Gate Ave,

San Francisco, California 94102

(415) 556-0586

Region X

Alaska, Idaho, Oregon, and Washington
Room 6048

Federal Office Building

909 First Avenue

Seattle, Washington 98174

(206) 442-5930
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APPENDIX J

COMMERCTIAL SOURCES OF MATERTIALS, AND EQUIPMENT
FOR ASBEST0S REMOVAL OPERATIONS

AIR SAMPLING PUMPS

l. Bendix
Environmental Science Division
1400 Taylor Avenue
Baltimore, Maryland 21204

2. Millipore Corporation
Bedford, Massachusetts 01730

3. Mine Safety Appliance Company
201 North Braddock Avenue
Pittsburg, Pennsylvania 15208

4. National Environmental Instruments, Inc.
P,0, Box 590
Warwick, Rhode Island 02888

5. Willson Products Division
ESB Incorporatad
P!Di Box 622
Reading, Pennsylvania 19603

VACUUMS: INDUSTRIAL HEPA FILTERED

1., Anmerican Cleaning Equipment Corporation
111 South Route 53
Addison, Illinois 60101

2, NILFISK of America, Inc.
P.0., Box 713
201 King Manor Drive
King of Prussia, Pennsylvania 19406
Note: It is recognized that equipment and services other than those cited
in this report may be available. Mention of company or product names
is not to be considered an endorsement by the authors,
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