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INTRODUCTION

The Cypsum Assoclation retained Ceorge D. Clayton and Associates te
¢ssduct aa industrial hygiene Jurvey at a test site locatcd in Dem-
ver, Colorsdo. The purpase of the survey vas to (a) determine the
concentrations of totsl and respirable dust comtaining free cryscsl.
line silica to vhich wvorkers were expesed during aixiag snd saoding
of & series of joint cement compounds and (b) to iaterpret the rea-
sults {(n taetws of potential health hazards with particulsr refarence
to regulations promulgated under authority of the Occupational Safery
aad Health Act of 1979, This study vas conducted during the veek of
September 11-13,1973 by Mr. Robert O. Soule of Clayten and Assoctares.
Results of that study are reported hereln.

SACKCROUND

The Cypsum Association locazed at 160) Odrrington Avenue {n Lvamston,
Illinoias (s & trade assoclation vhich represents ten to fifteen tn-
dustrial companies which sre engaged in the ranufacture of products
{Bcotporating gypsum ¢ gypsum-like materials. As wvith most fadue-
trial concerns, the activities of the Cvosum Associatica have decooe
aore broad with the passage and i1splomentation of federal tegulations
such as the Metal and “on-Metallic Mtane Safety Act and tha Occupa-
t{onal Ssfety and Health Act. Technical coamittees comvosed of per-
soane!l from comvanies comprising the Gyprum Association have deen es-
tablished witn particular interest (n the ncecwupat ional safety and
 health field Nf oarticular concern in this respect was the potem-
ti{sl hazard assnciratsd wi.th exposure of vorkers to airtboras duasts
contatning free crvstalliine stlice generated during mixing and sand.
tag 2f compounds used t~ seal crscks and joints formed during tastal-
latton of walldnard =ater:al Although the speciftc forwulations
used dy the vari{nus cowpanies supplving the joint cowmpound vary, es-
senti{ally all ¢ them zontain a f{ew percent free silica tn the pro-
duct whether 1t (8 & dry compound or g reddy-mi{x product.

Ia order to evaluwste thas exposure of workers te siliceous dust deuriag
kandliing sad use of the ioint compound products, tha Cypsum Associ-
ation decided to undertaxe a teit orogran during wvhich several jofat
coapound products woruid he :xed 4nd ssndei. George D. Claytom amd
Aseociates Jas relsined to collect and anslyze samples which wvould
Tepresent tha +v5 sutvs of worwers engaged 1n the study. The tests
vere conino' el “etween . Cepte~her il and 1), 1973 (n a heusing Jevelop~
msent which we9 uynder conetruction in Westminster, &4 suburbdan arves
north of Denver. qolutcéo.




ssbeetos" (an (rna wagnesfum sil.~ate),
~estos™  sod{um {ron stlicace), tremniite (& calcium nag-
».l{cate). and anthophyllite (snother iron magnesfum silf{-
't these, cnrysotile ac¢counts fo- over 90 percant of the
sssge of asbestos f{n this country, with amosite and croctido-
eing the only othar types used to any significant extent.

ctocidolite, aor

93 exists natuvall, in burdles of extramely fine fibers vhizh
subdivided easily {nto many smallar f{bars. The potentiai
harard associated with eaxposure to asbastos is that of {(nhals-

f alehorne fibers rvresulting (n & type of paeumoconiosi{s referred

“ssbestosis.” Small asbestas fibars casc pass readily through

per resolratory tract and be deposited {a the terwtnal bronchi-

H{ the lung. There, they produce a local irritation which the

Rtempts t)> overcome by in{tlac.ng a4 tissue resnonse resulicing
encapsulacion of the ftbers and c¢cansequent forzation of “as-

bodles.” 1f sufficient quant:ties of fibers are i1nhaled sver

nded per:od of time, &8 genersltzed diffuse peridbronchtiolar

1 can Jevelop. This pu.monary fibros{s can :mpsir the trans-

oxygen across the gveolar meabranes and result in rtespivacary
ciencics, or evean cardiac failure. Lt has been detersined,
toxicological and epidemiological studtes, that long f:-ers.

T e.crozeters in length. are 20st sctive in the production of

rosts. Fiders shorter than about two micrometers ia tength,

ctirally vwithous an trritating effect. Thera (s icoe eviience

her zinerals having fibrous characteristics can produce sinmi-
ctlons.

Roent

studies have indicated sn associ{ation betveen exposure
stoe

tn both tndustrisl and urban stmotpheres and an [(ncresse
latively rare type of lung cancer Xnown s&s mesotheliows. Al-
tt hat not been pnasidle to> escablish & connection wv:th 1sbes-

! cases of this disesse, there (¢ s stTona correilaticn Sse
‘ther

orsure to crrcidolite and occcurrence of me-othelio=as.

asbestos have been tmplicated to & much lesser extent. Aow -
1t 'nev hazard'” has received much pudlic sttenti:n Secause
pern suzRested that very =in{mal,

Nori-OoCcCcuUpat.ONg! expcoture
1ffli:ent tro ptodyce the disecase

in some {ndiviluals,
veals the Anetican Crnference f
has rec mmended a4 threak .| Ve

t:-len rer cub.c foor ot a:r caprci: fur alli types of gshos-
teg duste ¢.nza.ning less than ne peftcent crvsta.line s:':ca.
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TABLE 1

GRORGCE D. CLAYTON & ASSOCIATRS
INDUSTRIAL EYOCIENK BAMPLING SUMMARY

Client Gypsum Assooiation Naterial Asdestor

Sanpling Sample Sewple Concentration
1973 JOINT COMPOUND 2D Period Weight Voelume | pipers
Sample (a)
Date No. Description Stert | Stop

Litere |>%um/ce

11/19 |2D-H Mixing of compound (b} 09:28]09:34 13 LI

11719 Sanding on componnd () 1:syf12:27

11719 Sanding on compound ) 11:57(12:07

11719 Sanding oun nal’o:saanv 12:07112: 4y

1719 Sanding on o:!vocanﬁov 12:17

11/19 Sandling nssvozaaanv i2:27

A1/719 Sanding \ nolv::ananv 12:27

1719 Sanding n:l33==5anv 12:37

/719, Sanding compauad (€) 12:42

(2) All sawplee were obtained in the bresthiang sone of the workerve.

(b) Mixing of Compound 7D waa done by Mr. Hsvold McDowell ia Xing's Wi}
Townhouse Unitt U-8). °

(¢) Sanding of Compound 2D was done by Mr. James Pasquariello im King's Nill
Townhouse Unit U-77. Psychrometrliec conditions 1o U-77 ot 11:43 wvere
$56°F dry buldb, 41°F wet bulb (221 relative humidity)

* too heavily loaded for direct analyeis
** matertisl on filter ves taken into suspension and an aliquot
Yredaposited for analystes




TAMLE 11

GRORCE B. CLAYTON & ASSOCIATES
INDUSTRIAL BYGCIENE SANPLING SUMMARY

Cypows Association Natersal Aobestes

Sampling Senple | Sample Concentration
JOINT CONPOUND 28 Period Veight Yoluee | yipere
ﬂ..‘ﬂ. (a)

Ko, Description Start | Step

Litervre [>Sum/cc

IR-S-1 | Sandiog compuuna(®) 15:48] 16:18 60 12.3e

2»-5-2 Samding compound (®) 15:48113:58 20

2R-S5-3 Sanding compound (®) 15:58|16:08 20

2R-5-4 | Sanding compound (b} 16:08|16:18 20

2R-S-3 Sanding compound(?) 16:18116:48 80

2R-5-6 | Sanding compound{®) 16:18{16:28 20

2r-5-7 | sanding compound ™) 16:28]16:38 20

ZK-S-8 Sanding compound () 16:38]16:48 20

(a) All ssmples were obtalined (n the breathing zome of the workaers.

{b) Saunding of Compound 2% wvas done by Mr. David Potter in Kings Mi111
Townhouee Unit U-79. Psychrometric conditions In U-79 ot 15:49
vere 39°F dry bulb, 35°F wet buld (66 relatlve huwidity).

¢ too heavily loesded for divect analysis

** material on filter was teken into suspension and an aliquot
redeposited for anslysis




TABLE 111X

GRORGE B. CLAYTON & ASSOCYATHES
INDUSTRIAL NYQIENE BANPLING SUMMARY

Cypsum Associstion Materiel Aebostos

Sampling Sample Sample Concontration
JOINT CONPOUND 4D Pertod Weight | Yelume [ 7ivere

Sample (a) N
No, Descriptien Scare | Seep Litere [>%um/cc

4D-M Hixing compound(®) 0909 09:17 b v s

4n-S-1 { Sanding compound () 10:20} 10:50 $0.0

4D-8-2 | Sanding compound{€) 10:20] 10:29 18.0

4p-8-3 | Banding compouna(€) 10:29 10:40 22.0

4n-S-4 | Sanding compound(¢) 10:40] 10:50 20.0

40-5-35 | sanding compound(€) 10:50f 11:00 20 0

4D-5-6 | Sanding compound(€) 10:50} 11:20

an-8-7 Sanding nO!v:::aAnv 11:00]11:10

4D-S-8 Sanding compound {(€) 11:10§11:20

All samples were cobtained (s the bresthing sone of the workers.

Mixing nf Compound 4D was Jone by Nr. Havrold McDovell fim Xing's Mill
Townhouse Unit U-80. - *

Sanding of Compound 4D was done by Mr, Jemes Pasquariello im King's Mill
Townhouse Unit U-76. Peychrometric conditions (dry and wet bulb tempers-
tures) were not recovrded. ' \

* too heavily loaded for direct analysts
** material on f{lter wae taken into suspension and an sliquot
redeponited for anaiysis




Client

Cypsum Apsoclation

TASLE 1tV

GRORGR D. CLAYTON & ARSOCIATES

IMDUSTALIAL MYOIRNE SAMPLING BUMNARY

Matevis

Asbestos

1973

Date

Sauple
Ro.

JOINT COMPOUND 4R

(a)

Deseription

Sampling
ferxio

4

Stare

Stoy

ssmple
Veight

Sample
Volume

Liters

Concentration

Fibers
>Sum/ec

11719

WtR-S-1}

Sanding

noivazsnAV-

14:31

15:01

60

11.3%*

11/19

4R-S-2

Sanding

neavszsbgvu

16131

14:41

20.0

6.3

11719

4R -S-3

Sanding

n:S:::aaArv

lé:41

14:31

7.5

11/19

4R-S-4

Sanding

nolvoczmgav

14:351

15:01

11/19

4R-S-9

Sanding

oota:::aavv

15:7

15:31

1s/9

4LR-8-6

Sanding

noavazsaavv

1%:01

15:11

11/19

4R-8-7

Sanding

naaﬁazzaarv

15:11

voIiD

11/19

4R-8-8

Sanding

compound P

15:18

15:31

All samples were obtalned fn the breathing zsoae of the workere.
Sanding of Compound 4R was done by Mr: Devid Potter in King's Mill

Townhouse Unit U-78.

44°F dry bulb, 38°F vet bulb (68Y relative humidity).

material

on fllter wae taken into sue

redeposited for analysie

pension and an sliquot

Poychrometric conditions in U-78 at 14:49% were




Eygtontnze ras peoposed & TLV of five fibure (greater than f{ive micro.
Belers (= .en13t%i par cubfc contimazar of gi{r. This standard {s based
on the meadrane f.lter techaique with setusl atcroscopie fiber counc-
fag at 400-45)¢ wagnification ysing phase coatrast {llumination.

The Occupstional Safety and Nealth Administration (OSHA) bas estab-
lished the above concentration (five fibers, grester than five micro-
Batears {n length, per cubic centimeter of air) as au emergency stand-
ard and have announced that, effective July 1, 1978, the scceptadle
l{mit for an efght-hour, time-velghted average exposure vwill be re-
duced to tvo f{dbers/ce. 1In addition, OSHA has estadlished the con.
cestration of ten fibers (grester tham five micrometers im lemgth)
per cublc centimeter of air as an accaptadle ceiling concentrstion,
Vorkers shall not bde exposed tec concentrations of ssbestos in excess
of this valus, regardlaess of duratlion of exposure.

SAMPLING AND ANALYTICAL METRODS

The air sampling conducted to evaluste exposures of workers to ssbes-
tos wae all of the “breathing zone" type. These semples were col-
lected by dreving air through )7-mz d{anmeter membrane filtaers (Milli-
pore Type AA) at & vate of adout two liters per minute usisg small,
battery-cperated punns 'Mine Ssfatv Anpliances Company, Model C). The
sampling units were wnrn bv the workers engaged {n either mixisg or
saading the joiar comdaound: the puap was attached to the Belt and

the essmpler head fantened on the outside of the vorker's shirt at
4pprox: .mate breathing zone hetght. Thus, these samples wvere rapre-
sentative of the time-veighted average conditions to which the man
vere exposed during the saanliing period. The ssmpling head comsteted
of & three piece cassette -Millipore); during ssempling the face cap
vas reeaved and the fllter vas uved in an “open face" mode with the
fiiter postt:cned s!.2htly Jdswnward so as to sminiwize dust falling
diveactly ont» the {;!)ter.

Sampling vas canducted for the enttire duretion of the mixing opera-
tiones dut berszuse of the higher anticipated concentrations asscoeci-
ated vith sanding of the jrint compounds it was declded to change
fliters appt-y.~2talv averv ten minutes. Sampling deriag the sand.
tag Y the var!i-us ‘:aint ¢ "onundd vas conduéted over a total perifod
of sixty minutes Tietefnre s:x consecutive ten-minute sdmples ware
obtainesd for ra-n eaad:ag to.r, {n addtti~n t» the tan-m{nute tasts,
samples vere ¢ Liectr! nver ¢t . rty-minute nericds as well, i.e¢., two
conser L. ve ' -=i:nute wg™pl - v sach saniing teet Afeter collec-
tiaon ! each sa~cle the Y, irer cap was reniaced end the cassette, orf
sampler “ea!. vas sealed 1m~ciiately end prepared for transfer to the
analytica. .a-> rat-srv

the me®~ ! f 7 ynring a8 ecsr .2 f{hers wvan rseantially the ssae ae
thag «v. ¢ - P S Tuhi: coqlitn Seftwice (0P th e enumerat:~n of
aehest . ° ° Tttt ioe * T rars The descerivti v of this wethod

flest o o o.oroam et e owr otten vy 1 Fduar:'s and . R. Lynch
and & - R L et oo 2irar Volusoe I, pages

NV ¢ e e " 0o




le svamary, the methed coneitted of the following stepe.

A pla-shaped section of each sample wis mounted 08 s standard
alcroscope slida usilng & high viscosicy solution of mambrane
filter in e 1:1 mixture of diethyl oxelete and dimethy! phtha-
late to render the filter transperent. The asbhestos fibess
which vere on the surface of the filter were thes counted usisg

8 10X eyepiece and a 40X objective wizh phase comtrsst (liemias-
tiom.

4 aumber of fields, selected at random across the sample, suf-
ficient to reveal s minimum of 100 fibers vere examined asand
fibers greater then five micrometers in length vere coumted.
Asy particle having en aspect retio of thres or greater wss cos-
siderad to be a fiber. Although {t wvae conceivable that thers
vould be fibers of paper or other materials preeent on the ftl-
ters vhich vould have been dislodged from the welldoard dwrisg
the sanding operation {t did not eppear that these vers of amy
adverse consequence during the analyeis of the samples. Althesgh
it 1o rvealized that the counsting techaique is not epecific im
terus of being sdle to tdentify the chemical nature of the fibers
present in the sampls, ell of che fibere obeervad (n these sam-

plee appeared to have physical festures cheracteristic of asbes-
tos fibers. .

For those samples colieeted over a thirty-ninsts period, and
which ware too Redvily loaded to evaluate directly umder the
sicroscope, the ctollected 3aterial on the filcere was dlelodged
tn e highly purified distilled water bath using an ultraeoaic
vait (Dynesonic Corporation, Model G6 genarstor end Model T6
taak) and diluted to one liter. Am aliquot of the resalting
suspension wves drava, pessed through a membrane filter (Milli-

pore Type HA) and wes then snalyzed according to the precedure
described edove.

PRESENTATION OF RESULTS
A total of four joiat compound products vere usad during this study.
These products (tvo dry mix and twvo “ready mix") were supplied bY
tvo manufacturers wvhose (dentities wereo not known to the Lavestiga-
tor The praductes vere tdenttfiad hv code (2D, IR, 4D and 4R), &
sumber referr:ing to the supplier and the letter indfceting whether
the product was a “dry” osr “"resdy-mix" comnsuynd.

The results aof the sampling pragram ¢ 'nduced during the aixing of
the tve 4rv =:x products and sand.ng tesge on @l four joint come

pounde are nretented ta Tables [ through [ fxaminaticn of thexe
datg revesisthe £rllowing

1.

During mixing of Jolnt Cemprund 2D cthe wrrker was expoved
to @ concentrat .on of 1.4 {itere, gterater than f:ve =:cf. .

seteve n Length, oer cubte rentimetor at o ate.

The gminst I tntal rarr i Severate } lur ne the
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analysis of the ten-mi{nute samples vas not possible. Anal-
yeis of the thirty-minute samples, which were redeposited,
tudicated an average concentration of 39.4 fibers, greates
thaa five micrometers {n length,psr cubic ceantimeter of air.

The resultes of analysing four nf the six ten-.minuts samples
collaected during sanding om Joint Compound 2R indicated an
aversge concentration of 4.2 fibers per cubic centimeter;
tvo of the samples vere too hasvily losdad to analyze di-
rectly. Results of analysis of the twe thirty-minute sam-
plee collccted during the sanding on Jefat Compound 2R indi-
cated an average concentration of 11.1 fibere per cubic case
timeter, & factor of over 2.5 times se high as the average
ebtained from analysis of the ten-minute samplas.

The eampla obtsined during the nixzing of Joint Compouad 4D
indicated & concentrattion of 7.6 fidbere, greater than five
mfcrometers tn length, per cubic centimetsr of alr.

Results of analyzing four of the 1i{x ten-m{nute esmples col-
lectead during the sending on Joint Compound 4D {ndicated an
average concentration of 4.4 fibers per cubic centimeter.
Anelysis of the two thirty-minute seaples, vhich were sub-
jJected to the redepostiting procedure. indicated em average
concentration of 14.8 fiders per cubic centimeter, a factor
of 3.4 times a3 high 86 results obtainad froa the tem-minute
samples.

The Teaults of analysls of five of the six eamples obtained
dur{ag the sanding om Joint Compound 4R {ndicated am aver-

age concentration of 10.8 fi{bers per cubic cenctimeter. Re-
sults of analyvsis of the tvo thirty-minute samples {(ndicated
am everage concentratioa of 9.7 fibers per cubic ceuntimeter,

8 velue esvent:ally the tsme as that cbtained from analysis
of the ten-minute samples.

$ix of the thirteen ten-minute samples odteined during sand-
ing on the four joint compounds indicated concentrations is
excess of five fibers per cudlic centimeter. Both mixing
operstions genetrated Ssbestos concentrations in excess of
five fiders per cudbic cantimeter.

Two ~f the thirteen tan-ainute samples collected during the
sanding tests .ndicated concentrations in excess of ten
fibers per cubic centiweter, the acceptabdle cetling concen-
tretfon. Jne of the tvo mixlng operations generated an as-
bestos-in-alr concentration in excess of ten fibers per cubiec
centimeter.

Of the f.ur products tested, sanding on 2R and 4D rvresul ted
{A corcentra®. ‘na [e14 t-an. “ut anoprrach:ns, the curtent
acceptat e li=it e r - mt.7unes excoasare o0 workers, five
fibefs v ru° ¢ coent =nr. <R ¢ unsistentlvy »2ro-
duced ver? high » = eatrar, - E tortai dust which obscured
the ashest 'a t.%ors n




CONCLUSIONS

The folisv g :zonclusions are presented on the baasis of ebservations
and measurezeats zade during the study reported hereia.

1. Ddased on the vasults of tha ten-minute samples, (t Lo apper-
eat that the expusures of vorkers engaged in mix{ng and sand-
iag of the verious joint compounds used during this test would
%6 to councentrations approsching or excseding five fibers,
greater than five micrometars (a leagth, per cubic cantimeter
of atr.

It Ls claar that persons engaged {n the mixiag and sandiug of
Jolat compounds stmilar to those used during this teet would
be exposed to concentrations of airborne asbastos in exmcess
of tvo fibere per cubic centimetsr during the eantire course
of their vork. This velue is the proposed aceeptable limit
for an eight-hour time-wveighted average exposure to asbestos
which {s scheduled to decome sffective July 1, 1976,

Vith the exception of the tests conducted during sandimg on
Jolat compound 4R the results of analysis of the thivrty-min.
wts samples, using the redeposition technique, vere coasist-
eutly higher than those obtained by direct snalysis of the
ten-minute samples dDv & factor of 2-1/2 to 3-1/2. Thevefore,
{t eppears that use of the redsposition techaique would re-
sult Lo the apparent concenrvations of asbestos in air deiag
Righer than actuslly prescent 8nd vould therefore err on tha
"conservaetive' side.

Discounting the results ohtsained by snalysis of the thirey-
@inute sa3ples, for vhich the redepositisn technigque wase
used, three of the samples collected (wixing of 20 and sand-
{ag on 4R) indicated L_n:entvations in excess of tan Cibers
per cubic centineter and are therefore + comcarn es peak
exposures. Sith these exceptions, the problem is one of coa-
trolling the time-wve:ghted everesge exposuree of workers to
asbeet o [n that respect, it must bas pofnted out thet the
sampling resaits renrted herein are indicative of the expo-
sures of vorkers duriiz the =i1¢.1g or sanding -veretions and
20t thelr tima-veignted average exposure fof a full vorkday,

RECOMMERDATIONS

The results -f sampling Tensorted hereln should bde analyzed tum
conjurct: *n witn & atul' ! the work practices and routine of
prrasme razagel 0 =mie g, sandirg cr othoerviee belar exp~sed
£a VAl €~ uACs eiTr oqr te thore used .3 this study. “n this
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This repart prrpared by

exposuras to belov ten fibers per cubic centimeter would still
have to be contended with.

Prom the standpoint of being able to eliminate or minimize the
problem of excessive concentrations of asbestos being generated
by handling and use of the joint compounds, consideratiom should
e given to the following sspects.

8. The most effactive mesns of eliminating the asbestos prob-
lem obviously would bde to eliminate asbeston from the joint
compound formulations {f this {3 feastble. Although the spe-
cific role that ssbestos plays ia the joint cospound formue.
lations is not clear it {s understood that manufactursrs of
joint compounds consider it necessary that asbestos be in the
formulations.

Trom an engineering standpoint, it may be necessary to (smple-
ment the folloving measures in conjunction with mixing and
sanding of the joint compouunds containiang asbestos.

1. Wixiog of ths joint compounds could be done in such &
way that the material (s more effectively vetted as it
is removed from the contsiners or could be done withim
an eaclosure, with or vithout mschanical ventilation,

80 as to winimize the amount of ssbdestos fi{bera released
into the breathing scne of the workers.

Although ths results of the sitr sampling reported herein
ifndicate concentrations of asbestos fibers tn axcess of
acceptadle limits, efther those currently enforced or
those proposed to be made effective in July, 1976, (¢

wvas obvious during the study that the sanding process {n
genersl has associated with {t exposure of the worker to
tremendously high coacentrations of total dust. There-
fore, if means vere implemented to meintain the exposute
of the workers to total particulate to within acceptadle
limits there vould de an {nherent contrc! of the asdestos
problem as well. Although more extensive {n nature, en-
gineering control of the total dust generated by the sand-
fag opevations (s fesstiblie. Such contrel techniques would
fnclude, but not de limited to, the use of a vet -sandiag
technique snd/or use of & portable local axhaust ventila-
tion systea (ncorporating, ae the sair moving device. &
uait similar to comaon industrial vacuum cleanets and dag
collectors.

The next phase nf the testing program to contvrol workers' expo-
sSures to s+hettns during uve af the Joint cement compounds logle
cally woull '¢ eva.uiatinns 2f the variocus notentisl engineerting
contrnl conreats (ndicated ot inferred sahove. .
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