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DUST=PROLUCLIG POTLITIAL GF CONSTRUCTION HATTRIALS
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. ) &:
Bemard D. Tebbens, Sc.b., J, Lekoy Ralper
. W. Clark Cocpar, M.D., and leving k. Tubershaw, M.U.
Purnose of Joudw CT

The purpose of this study was to develop mechods [or assessing the

hazard potential of asbesices=econtatning censcruccien tazerials. The

* methodelogy was to Le developed during a sysiematic siudy of four eommer=iul

insulation products zontainiug asbascos. The results. Inelude the actual

concgsucrations of airbornz asbestos (ibers found to result {rou cperations
typical of th2 industrial usues of tlhicse products.,
Tae nesassity Srequently 2vises in indastry o pred!/cet the pesencial

hazavd duzing comminution of a solid material. 1n ether words, "is the

dust preduze

by sawing, dzilling vr fllipy of a solid eontaioine a hzsardous
componenc nacsssarily of the same compozizion as the partent matzrial?’ Az

first glance, the answer must seca, "Obvicusly, yes."” Ia vealley, housver,
there are severzl fuctors which can result in a differenz discributiea of
components. Occupaticnal cxposures to potentially hazardous dusts may be
affccted by the conditions of use of the materials from which tne dusts ure
. § 192

gencrated or by the physical charvacteriscics of the matarial.

Oceupational exposurinof conscrustion erafzsmen to airbernc ashasices
fibevs are primarily ¢ result of the corminucicn of therral insulation

3

materiales during their idscallazion, copair, aud temsval, lqhula:ien of

asbestos fibers lus bteea showm 2o cause, or be aslecioted wizth, an increasad
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{ncidence of fibrotic and neoplistic discasc.“’s Hewever, at present, ther
are no thermilly suitable altcrna:ivg: te asbestos-coulafuing nacerials fo-
the preveazion of heat loss frowm high-temperature (73G°F and higher) pipes
&nd ballars.,

There are e azjor types of asbastos-zcutalining thermal insulacion
peadasts. Oae of thesc.is made by binding a mat of amesite anhascos (ibars

wiih s39dium zilicace, either with or witnout the acdition of diatomacecus

earth (Produst E}. The minimum asbesteos fiber ceatent of chis type is
appraximately 604, The other majsr type is preparzd by baking a slu:ry.aﬁ
calzivm silicate and amosite and/or chrysotile asbestos {ihars and contains
anproximazely 10-182 ashestos (Produszs A, € and ).

I¢ has baon sugsested that exnosure of Insulation workers Lo suheuntoas
fibezs mighe bé suybstaatialily reducaed by rvestriczing the use of pruducts
winich have a high asbastes contanz. licwewer, the swe types of materials
differ significantly in their physical praperzics o that thc ashescos
councencragions in aerosols generated dering the haadliapg of the two types
night differ in wvays not direc:ily related to thu coacratrations of asbeston
ia the parent mzterials.

The 605 asbestos/sodium silicute insulacion has been desceribed as being
gore readily cut and shaped than the calciua‘silica:e products, requiricnp A
the applicacion of less prolonged or intense foree for 3 pglvea shiaping
operaction. Thgra are also siraifizant diffcrences ia the twe types of

asbectos {ibers uced in the macterisls, amesite being of preacer speciils

gravicy than chrysotile (3.5 vs. 2.5), and having individual (idbvils of
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larger diameter than chrysetile (V.1 ua vs. 0.0 um).
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Thus, it would scewr that there are theoretical arguments favoring ¢
the product with higher asbestos coantent, The greater ease of fabricazion
would mean a shc;:cr period of production of the aserescl, ard the larper,
more dense amcsice fibers would tead to fall out of the produsesd aerosol

mere rapidly than will chrysotile fibera.

Researsh Perfaornsd

Four tharmzl ifusulatisn products, 9=inch outside diameter and d-inch
insice diameter, containing diiic:ifg askestor trporand gonsoeatriticns
werc t2sted f£av racpirable dust projuctien under coanditions simulating
actual usape. Thase produc:s were purchascd "bLlind"; a relisble third
party not connested with the Uniwersity er aay of the manuviacturers
concarnad purch:scé.thc products through the nermal muriet channels
ordinarily used by kim in his purzhasces of ctier insulsticn producss.
Thus, we entered the markes randemly; the predusts uzed 1ia this study ave
a "zrab sample” of the procucts which might he delivered to any uaer.
Product D was zhz wvaly onc of these tested whnich did not meet the originsl
broad spccifié;:inns; it was supplicd as two.l 1/2-inch layers and not the
single layer of the other products. The wihnlesaler confismed thae Product U
is not supplied in a single layer in J-inch thickness. Taerufore, Lt was
used as roccived since this {35 the way it wvould be supplicd to insulators
in actuyal practice.

A zest chamber (showm in Fipures I and II) was coumatructed measuring

. 10'4" long by 9'8" high by 10' wide. The total velume was 1,000 cudbic fec:.
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Tne room was lined with 0.006" plastic sheeting to faeilitate clecaning.

farr Company HP 200 fileers were used to f{ilter the supply 3ir and the

206008

exhaust. Adz cxchanze rate begween test ruas was 230 cubic [eec: per
ninute,

After cash rua, and between products, the room was [lushed for 3
period waleh vsried depending on the obsesved "dustincss" of the room

but was a mirdirum of 20 mincvtes (about G air chanpes). Lefore each change
of product (or change in nroscse), 3 backpzound cis sample was taken da
the "tcon'” position (described belov); cacg samplz subsequencly taken in
_ that seriecs (cr run) was then correcsed by having the bsckpround cenceen-
trations subzraztad,
The follouling emerations (dascribed in greater detall below) weze
2Tiotmad on eash product by an insulation mechanie (journcyman asbostios
workar).
2. Sinulacion of pipe covering, and ctrar-ouz of neat strtessed
pipe covering.
II. DPower sauing of the products to simulate on-site fabricacion
of specific shapes of the material by a bandsaw; and the “scoring” of
blocks,
I1I. Pouudiné with a simulated hammer t5 estimace the effects of
force-fitzing (not performed by the insulatien mechanic).
In each of these operations (except the tear-out and pounding), the

insulation mechanic was permitted to set his own pace; the specilic planm

of operations was determined Iin conmsultation with him so that practiczas
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usual to the trade were followed.
The insulation mechanic used a "Whiteeap" supplled-zir ruspirater
throuphout; the asLestos [lher concencratious in the air supplied to him were

far below the provesed Threshold Limit Yalue.

Samnaline and 2nslveis

Alr samples wers tabkes by druwling alr throuch Millipovs 0.8 um mean pore
sizz crganic membeane £Llters, Filters of 37 mm dirmeter vere used [ur the per-
sonal brearhing zone sampia; ane 47 an diameter filters for all other samples.
Acditional samples wera takza using huclepare membiane filters (0.8 um mean
pore size) for subsequent clectran mizmnseane andalysesn,

Pusing the cizulated pipe-coverinp, tesr-out, and bLapdsaviag, samples were
taken at five loentiens wizhin the fest chamiber: 1) in the middle of the chamber,
wish the open~facc filter heolder 8 feet above the charber {loor levei ("Reoi"
samples), 2) {rex 4 support projectian Zute Ltha chamber approximatszsly 1 [sot
from the wall oapesite the work bLench oun weizn the covzcing was done, through
an open-face fiiter holder abous 6 fecet sbove the floar ("Reea” samples): 3)
aha;e the work bench (near =he wall cleresnt te the beneh) wf}h an onen~{acc
€llter holder (“DBench" samples); &) in the same loestlsn as the Bench samples
but wizh the air drawn through a lexhlec liorizoutal Clulriator (Casclla-tlilsun)
before passaze through the in-line filcter holder (“Llutziacor” samplec); 3) inm
the insulator's braathing zone with disposable Millipere Ficld Monitors (open
face) ("Personal” samples). Sample air flov races weve: Roef, 0.7 cubic fzet
per minute (efm); Doom, 0.5 cim; Bench, 0.5 cfm; Elutriator, S0 liters per miaute

(1.8 ¢fm); aad Personal, 0.1l cfm. Sce Fipures 1 ang [1 for these locations.
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Duting the scoring operatlion, only twe sampling leecations were

roeYng

utilized (Reom and Personal samples) as shewn in Figutes I and LI,
The pounding operation was monltarad with Four samnlars, one on the

bench ¢bove the product heing pounded ("Bench top™) and rhree others

approximacely 5 fesc diszant Crmo the pounding site, 4 fect ahove [loor

lercl, One of chese filter holdors vas direcced upwacd ("Up"), annther

direcsad downwavd {"Dewvu™), aad che other dircstad horizountally

("lorizontal”). Flow rates here vere 1.9 ¢lm for the liiss, 1.0 ¢fm for

the thzee othazs. These lecations are shown in Figures IIL and IV,
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Analysis of the collected samples was dlreeced ac cbeaining tuwo

zeasures of the relative amount of dust production from the produsts

1ree08

being tested. ALl fil:icrs (exsept the 37mm Personal sample filrers)
wer: welghed befere sad afser use, cach such weighing procceded by
desiczation (9t twe hours to.s:abiliza weights. Trom this weighe data,
" taa g:avimé:zic concentrations of total aislerne dust werc eomputed
in millisrams pav cubic metar (mn/mJ) by div!dinﬁ the miliigrams change
{a walighe by ihie total cubic mecers of air whizh had passed through the
£Llzez. This was the scle analyzis applicd to the "Bench”, "Elutriater”,

and "3ench zon'

samples.

The other sample fliters uvere analyzed fo dutcrming the conczutrations
of asbastos fibers in additlea to the gravimesvis analysis. This amalys!s
was by the standard weehod for the determination of asbastas {ibers

6

coliectsu on mambrine fllcers:” a wedge of the weirhed, crpesed {ilter
wss cut from the filcer and the wedge (about 1/8 ol :the toeal filzcr)
placed on a standard micruscope slide on which was piaccd a drop of a
wounting medium which matched the index of refraction of the orpanic filter.
The filter wedge thus "clearnd" was examined witl: phase contrast micro-
scopy at 430X magnificacion, with the miéroscopic field of examination ,
limized to the arca bounded by a Porton eyeplece reticle (0.0061 mmz per
field). The asbestos fibers scen in each field were reecrded and placed
inco sevcral‘lcngch and diameter categories, and the {icld shifted to

another portion of the filter. This process was continued until 100 suen

fi2lds had been examined, or until 300 fibers had been counted and sized.
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. When 300 {ibers (or 100 fields) wers accumulated from any one s»ample, the S?

. ()

)

count vithin the £icld was completed and the count then terminated for ~

&

thac samplu. The cuncentracioun of ashestus [lhars per lizer of alr was
detarmined by taking ints account the area of the fillter surisnes ewmamlied
(9.C081 mmz), the total exposed flltecr araa (960 mnz), the number of
fibcrs :ounicd} ard ahe'flaw through the {{lter {n mLlliliters. ‘TIhic
rcsul:’vcs expressad as fih;rs bcr nillilizer ({/ml). Tic prnposcd'
Threshold Limft Value (Americaa Conferance 2f Covarnsensnl Industrial
Uygianisis) i§'anly for these filers loager than 5 micrometers (ym).
Thctefurc,lgsacs:cs fiber conceniTations expressed witidn Lhis repere
are givea fer bo:ﬁ total asbeszos {ibers and ssbestos fiberz lenger than
5 Min in the tablaes of resules, bLut the graphic expreszion of {lhers per

g). s limited te {ibzrs lenger than 5 ym.

Specific Conrscions
1. Pipe=-covering.

Three 'tuns' were made on esch producs during the simulation of pipe
c:vc:i;g. For each of these runs, two 36-;nch wong hall-round scetions

; of insulitiecn were cut into 18 scparate pieccs hy cuzting acress at 4"
intervals, the major axis of the 36-inch lon; scetions. thesec 4" sections
were then wired in place around 3 48-inch long piece of 3" 1.D. eazsc-iron
pipe so that the final covering of the pipe ecxtended for approrimataly
35" (with aSOu: 1 inch lost because of saw blade width). The wired
insulacion was "mudded"” wich a nix which was constant througneout the

series of tests, and the mudded surface wtapped with medivm-weisht zanvas,

1

4
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.. - 11. DPower Savine (Sandsaw)

Six 3-foot lonz half-round seections were cut inte (appronimstely)

4einech long sections (making 9 cuts per J-foot section), using o Devalt

168608

bandsav with a 1/2-inch blade with G6=-blade points per ineh. Tha linezr

velocity of the pein: ips w3s about 3000 feac per minuts. A background

sampic was takan bafore each product change. The ssw was placed in the

center of the rone (urder the koof f£ilteyr bolder). Two half-scgiinas

were cui, while sawples wers taken, then the saw shut off and the f[ilters
changad. This process was rapeated twice more for carh product. Figure

X1l shovs a flow clizrt for this operacioen.

B3AXD SAWLING

Ficvss 311
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I .
wa——
=T ! (again) the recults listed as totzl ashestes fibevs per milliliszer,
= b
L . . . ;
RICE fibers (longer than 5 u=m) per millilitar, and total purticulate milligree
<o
A © Per cubis mecxer, la Figures XIII and XIV are again shown the graphic
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- o IlI. Dlowver Sawiis, .

. Two 3-foot half-tound scctions vere scored to a3 depth of L i/«

, o
~aches, to simulatz the scoring of flat blocks of insulation, ac is done -
TS
so facilitace the thermal insulation of large vessels (e.g., Loilers) e
: N
. vith large radii{. Cach section of the insulation was scored Joungitudinally "=
four times while zamples were taken; the {ileers wese then changud and the
preanss repeated. As above, a background sample was zaken with cach chawnge
" of procuct, and an additioual personal, sample was taken during the cican=up
process. Thi:c vax done using a Ram hand circuler saw (“Skilsaw" type)
vith a 7~-inch diamcter blade with L blade polat per outside cirecumfcrence
ineh, The lincar velocli:y of the peint tips was about 3000 fect per
miaute, as it was {or the bandsaw. The flow chart and sehezmatic of this
averation are shown in Figure NV,
E -3¢444
MCKRL IV
A required for A el
- both reeiione yor jreivet
LA wa,
. &_‘.‘rg 3 ;-Z ::- é
- -] ! zan.
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X Resul:s (Seoriar)

Table 6 shows the scoring results, Filgures XVI and XVII theirs

graphical reopresenczation.
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Iv. Pounding

A b4-inch section of insulatiou (recovercd {rom the Bandsswing) was
placed in a 4-inch wide by 9 1/2-inch long by l2-i{nch deecp (ingernal
dimensions) box, and a 4-foot long sccticn «f 1/2-inch (I.L.) iron pipe
(ueight & 1b. 2 oz.) dropped through a3 guldc sectiun of 3-inch pipe 2

distance of 16 irches onto the rounded suter surface of the plpe covering.
This drop was repcated 50 ii;ns. and then che pumps cuarted and Seminuie
alz sampies takan. The process was rcp&accq twice more, using the same
plece st pipe coversing throuphout for cach product. A5 ususl, backpround
samples were taiken with cach produect chamge. Fipgurz XVIII shows this

&~

experimenczal arrangemenc; the losations of the air somples are shoun in

Figures III and IV, p. 6a.
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“Resules (Poundins)

. —m— —————— g a e e e e — + w e -

Table 7 gives thc results from this experimenc, as do Fig:
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L]

RRcsul:s (Poundinn)

Table 7 gives the results from this experimene, as do Figures XIX
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) 5;3 question which has not ye: been ansvered is: dwha: are the sizes of
the airborae asbe;:os fibers produced E;om thesc products?” Aasver to
this question is provided by an examination of the diamcters of the
asbestos fibers couuted on the Personal filter samples for all produzts,
(for the hand-sawing porticn of the pipe-zovaring oparation) in Table 3.

Table 8

Asbestos Tiber Diamecers from Yersonal Samples

Producs 502 less than 907% less than peometric
freomevzic maan) : standavd _deviation
A 1.45 un 2.8 ym 1.80
- ’ 3 - 1.7 um 3.0 um 1.59
< 1.6 pm 3.0 uym 1.60

D 1.6 uw 2.9 um 1.56

Anctoer coacerm wnich arises {rom an examination of thes data is wimn
the total gravimerric soncentractions of airbowme parzizulaca maczer which
werz measured. In many cascs, thaese werz orders of magnitude above the
proposed Threshold Limit Value of 10 mz/m3 for inert duscs. This {ndicates
that, even if these products containcd no asbestus, tﬁci: usc in cnclosed
spaces similar to our test chamber would produce concencraticns of airlotne
dust which would be unacceptable. Analysis of che "respizabillicy” of these
dust concentrations (from the camparisoa.ei the Elutriator samples uilh

other samples) is proccaoding and will be the subjeet of f{uture publicacions. |

It must Se understood at this poinc that the resulis of ghis study are
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tgbje:: to several qualifications. Pcrhaes the mes: lLumportant of these
is that exposures of workers in the actual application and manipulation
shese matcerials vould often be diffsranc than those found here. lilgher
concencrationus would be pestulated (£ several msa wers workiag withln aw
encloscd space, or if the available space was more zomiined. Mora likel
&ctual cuncentrations (as we have measured in many diverse job situation
would be lower dve to slower pace of the vork, natural ventilaticen, or
greates space available for dilution.

- Accthar qualification {s that the Poundiaf and Scoring opavracions
pecforred here cra2 not stricely comparablc to actual.rrade practices. T
paunding spavation wes (in esscnzc) 3 destructlive test: most applicstion
wouLd not be acesmpanied Ly repetitive tlows zancemtrated on a small are
of the surfaz: of a product. lowever, (desnite the fa:sz that this L3
censidered a poor trade pracsice) some insulators will not consider an
installation complete on 2 large vessel until they have thorounhly pouns
the appiiecd imsulacion material, raising clouds of visible dust.

Scoring is cordinarily done to E;cili:a:c "bending”" of flac blocks
of insulation to fit a curved surface. DProduct U is noc supplied in flz
blocks, and it is therefore unlikely that scoring will be done to this
product. But mechanization is procccdidg in this trade (as 1n.ochers)
and the use of power saws of various sorts is becoming more commen far
tasks which have traditienally Leen done by hand.’

A third imporzant qualification 3ffceting the applicatisn of the

resulss found here is duc ts out sampling method., Hone of the daza are
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to be able (within reasonable bounds of certalnty) to prediet airborne

asbestos (iber production from given operations om speeific products. <
. This orediction would arise from consideration ofvsuch factors 3s density,

Telstive strengeh of the bonds between the asbestos fibers and Lhe matrix,

. Taeistanse to spasific kindy of applied forces, and ochers.

From a praciical poiat of vicw, it ic clear tha:znone of cthese praducts
siculd be used wichout industrial hygienn concrol. Any cutting opecration
sheueld be.accomparicd by controis on the dust arising from Lhaé operaticn,
prefarably cunrrols (such as lecal exhaurs ;cn:ila:iau) which would prevent .
- the disscminatlon of dust intd the breathing zone of the worlkman doing the .

cetting, or the breathing zones of those working near him. Where this
cannot be done, personal respiratory procecticn i3 a‘poor (butL nucessary)
sceend cholce.

Conclusions

1. A method by which construction materials can b2 tesced for
their pc::u:ia;.fot alzborne dust gencration has bccn.dcvclopcﬁ.

2. Four insulation materials containing asbestos have been tested
using the methed; the material contaiaing thc highest percentage of
asbestos produced the highest concentrations of airborne asbestos f[ibers o
under conditions of the test.

3. Mecasurement of the total airborne dust concentration is a “poor”

indicstor of the airborne asbestos [iber concentration.

4. Comminuticn (by hand or mcchanical methods) of auy of these

1

produsts within confined spacss may result in airborne asbestns fiber

CRMC-Motley1000-Subj-001681

Tebbens, Balzer, Cooper and Tabershaw, Dust-Producing Potential of Construction Materials (1970) Published by AsbestosClaims.Law
ACL Doc 13173 - Page 31 of 33 asbestosclaims.law/library/13173/31


https://asbestosclaims.law/library/13173/31

.,
-5 -
» : -

» - . x
concentrations orders of magnitude greoazer than the proposed celling value o

- . e e hd M -l .- . PP .. z\':

of the Threshold Limit Value. :‘:
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