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Exposures to Asbestos Arising from Bandsawing

Gasket Material
Dougtas P. Fowler

Fowter Axsociares Oveuparional and Eavimamenial Hmlrh Services, Ing.. Redwond Ciry. Catifornia

A shmulition of bandsawing sheet ashestos gnsket mate-
rial was performed as pact of a retraspective exposure evalu-
ation nadertaken 1o pssist in determining causation of a case
of mesethelloma. The work was performed by handsawiog a
chrysotile ashestos {80% )/neoprene gasket sheet with a ¢con-
ventional 16-inch woodwarking bandsaw inaide a chamber.

Messurements of sirbarne ashestos were madé using ¢on-
ventional arcs and gersonal sampling methods, with analy-
sis of colictted samples by transmission electron microscopy
({TEM) and phase copirast microscopy (FCM). These were
sapplemented by qualicative scanning electron microscopy
(SEM) examinations of some of the airborng particles col-
lected on the filters, In contrast with indings from studies ex-
amining manoal handling (installation and removal) of gos-
kets, airbarne asbestos concentrations frowm this operation
wege foondd te be well above current Occupational Bafoty and
Health Administration (OSHA) perhisaibia exposure limit
{PEL) (cight-hour time.weighted avarage [TWA]) and excur-
sfon livwit (30-minvte) standards. Although some “encapsu-
iation™ effert of the neoprene ymatrix was scen on the paiticies
in the airborne dust, anencapsulaten individea) Aber bun-
dles were also seen. Suggestions for the implleations of the
work are given, In summary, the airborne asbestos concen-
tratons arising from this wark were quite high, snd point
to the nand for carcful ohaervation of common scnse pre-
enutions whoen manipalation of asbestos-contsining materi-
nls (even those believed to have limited emissions potentlal)
may involve machining sperations.

Ueywards Ashearss, Gasket, Bandsaw, Bxpasure

An indusirial hygiene evaluation was underiaken of the life-
long asbestos exposure of B plaintiff who had Alad a lawsait
against a number of defendants formerly or currently invalved
in the manufacture or distribytion of Asbastos-containing ma-
tarigls. The plaintiff hod been disgnossd with pleyral mesothes
lioma. Among arher jobs aver his lifetime. the plaintief had been
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assigned to work hy oas of his smployers in the 19608 that in-
volved tha bandsawing of Jarge numbers of gagkets from sheats
af a neaprene-impragnated gasker mavrerial. These gaskets were
stacked 10 form a thick layer of insutation for a specific piecs of
heating equipment used In the aerospace industry during certain
Xinds of apgine tests.

Wa reports of stmilar work were found in the industrinl ky-
giene literature, although several reports of cxposares during
conventional manual handling (installation and remaoval) of sin-
gle gaskers from piplng and anciliary ficiings were identified.(1 -9
In eome of these thers were some diseussions of the impact of
machining work, with a few measurements, but with na spscific
testing of bandsawing. Accordingly, o simulation of this specific
task was usidertaken to fill this gap. because the same gasket nged
by the plaintiff was found to still be avaitable commercially.

The primary lssue in question was the probabile asbesios ex-
posure of the plalariff during this specific job. A secondary issue
was the condition of the alrborae particles, because same sxpernts
retained by one side or the other in the asbestos hirigation have
cpined that mawises such ns the neopréns in this gaskel will
“encapsuiate” fibers and fibey bundies, thus preveating bielogi-
cally harmful exposyra. Other axperts, of eourse, have different
opinions.

METHODES AND MATERIALS

The material examined was a nesprera-impregnated sheot
gasker, 0.3175 cm (1/8 inch) thick. The asbestos content of the
pasked 25 stated by the manufacturer was 80 percent chrysotile.
The gasker was dejivered from the manufactarer as g tightly
rolied 10,6 x 365.76 cm (40 x 144 inches) shest in corugated
paper wrapping. The outer wrapping bont A waming label es
shown in Figure 1. (Nots thar tha label warnings specifieally pro-
serive spwing as performed bere,) Cutting of the sheat w conve-
nicnt size for bandsawing (1Q1.6 x 60.96 cn =40 x 24 inches)
wis perforried with a Sears Craftsman saber saw, with a conven-
tional wood sawing hlads (~4 testhicm %10 testh per inch~
tpi). The Bandsawing was done wirh 2 Reliam Model BE 166 16
inch {40.64 em) weod-cuiting bandsaw, with the ariginal biade
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[~ by drawing air through mixed coilnlose ester filers in three-
WARNING plece conductive air sampting casseres (25 millimeter dinme-
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(NAME) MANUFACTURING COMPANY
Address

FICURE 1}
Warning labei an roll of sheating —original size and
typography.

supplied by the manufaciurer (approximataly 3 teath/om == 7 tpi)
opemted on the middle speed (609.6 em/ses = 1200 fast'miaute)
of the threa available an the saw,

The work was done instde a specially constructed chamber
bullt of 0.01524-cm-thick (== G.006 inch—“6 mil"} polyethy-
lene sheeting walls, with » double layer of 0.0254 cm (10 mil)
poiyethylene for the foor. The chamber was construcied with a
Imgc wiark grea chamber (363.2 e L s 188 o W 269.2 em

=1838m® = (43" L x 78" W x 106 H % 649 cubic feer),
and Bn antraace divided into two smatler chambears. The (wo
smaller chambers were 5 “elean room™ leading from the main
lavoratory area, which lad into 3 "dirty reom” or “equipment
rooun” leading into the work ares chamber. Each small en-
trance chamber was approxinately 102 cm x 127 ¢m % 269 om
40" x 507 x 108"y, The eatire chamber was ventilaed during
all sawing by drawing air into the eniey of the clean room with
a Nilfisk Model G8 80 WEPA-Rltered vacuum cleancr placod
ar the end of the chamber farthesy from the entry, The alr flaw
e was approximately 0.99-4.13 cubie metara per minote (35~
40 cubic feet per minute), for an air exchange rate of 3.2-3.7
air changes per hour [ACH). All sawing work was done by the
author, wearing disposable garments aver street clothes, and a
proparly fised haif-mask respirator with HEPA, filler cariridges.
It is noted cthar this level of protection does not megt the modern
protective measures required by the Occypational Safely and
Health Administration (OSHA) for cuning asbestos-coniaining
materials. Please refer W the canclusions for recommendations
for persongl protective measures for this work.

Tavee typet of sawing weve done. First, tha large voll of stiff
material wag cut with n saber saw to reduce the piecss for sest o
approximassly 61 cm x 102 om rectangles. Secondly, the lorge
rectangles werg cut on the bandgaw 1o smaller raatangles, aaah
about 12 em x 15 cm. Thirdly, each of the snyaller ractingles was
cut in half on the bandsaw, All sawing was of single thicknesses
of the gasket maerial.

Air samples were taken during the work as parsonal bregths
ing zone semples and area samples. The samplez were taken
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Yer, 0.43 miccometer nominal pore size. 2-inch cow|) obisined

. from Safery Enviconmensal Control, [ne. (Keene New Hamp-

shire) (Catalog ¢ 203000182, Loy # 9601081), The personal
samplies were taken with SKC batery-operated sampling pumps
at fow rates of 2.0 und 3.55 litars per minite. The area samples
wate taken with Dawson 110 volt pumps operated ot 1.5 and
1D.85 titers per minure, Each campling train was eatibrated be-

‘fore and after &ach sample by detsrmining the towl volumerric

fow rate through the train with a rotameter (catibrated less than
one month prior 1o the evsluation with a Speetrex BFM 4000
primary volumetrie standard).

The personal broathing 2one samples were aken by placing
the sampling cassetos In the aurhor's breathing zone (clippad
to his elothing sa that the opening was near his mse and mouth).
The area sampling locations weve at breathing zone height
(152183 o abave floor fevet) with one piased o the joft of
the bandaaw in the pathway berwern the saw and the exhausm
inlet and the othar placed behind the bandsaw in a lacstion undis-
turbad by either the gawing or the air flow. Bath were approxi-
matcly 60-80 cm hovizontally from the bandsaw blade.

Three sete of samplet ware waken. During the taber saw cuts
ting to reduce the sheer 10 managesble-size pieces for handsaw-
ing, A single porsontl sample (A) was ken from the dght side
of the operatar's breathing 2one, The second set of ssmples was
takon during the cutting of the two layge pieces 1o smaller pieces
{approximately 12 om x 15 em). (samples B e E) That cutting
was interrupted by & power failure for a fow minutcs, as indi-
cated on Tabls I, The third sat of samples was taken during the
cutting (for & few minptesy of the 12 &m » 15 am pieces into
halves, (samples F (o J, no O weed.)

Eaeh fiter was anelyzed by phase congasl miccoscopy
(PCM).% Bnch was also evaluated for its suitability for further
analyals by transmission electron microseopy (TEM).@ Al ox-
cept two samples (D and E) witre deemed to be suitable for such
analysis. Samplas D and E were ton heavily losded for direct
analysis. Rathar than prepare the samplos for analysis by an
indirect proparation mathod with consequant splitting of fiber
bundles and “magnification™ of the asbaatos structore counts,
the samples were nop further acalyaed. In addition, soms par-
ticles from the sanples were examined by scanning steciron
microscapy (SEM) " and photamicnographs were taken 10 il-
Justrate the condition and charastar of tha particles collacted (2ec
Figures 2 and 3 Tor exampiss).

RESULTS

Tha results arn shown in Tgble {. The personal exposuras o
fiberz [opger than 3 micrometars (2m) during bandsawing wers
between 2.2 and 4.9 Rbers per milliliter (L) by PCM where

-the current OSHA eight-hour TWA siendard is 0.1 /ml. aad the

30-minute excursion Himit i5 1,0 fmL. The personal resuits by
TEM were higher; 22.2-49.3 asbestos siruciures per milliifter
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TABLE [
Exposures 1o airborne asbestos Abers and structuces during sawing of 1/8-Inch asbesios sheet gagket

Concentrations

: TEM TEM
Arsal Dyravion  Volwme  PCM {tota)) (=5 um)
Sampla # Time Activity presonal Lacatian {minuates)  (liwers) fhmi. simbl s/l
A 132)-1333 Saber sawing/ Pervonal R, siae BZ 12 24 <1 0.62 0.214
fiattening o
shest ‘
B ($v0-1519 Bandsawing  Pertona) R, zide BZ 30 &0 3.1 222 8.2
15241545 :
C t310-1519  Bandsawing Personal L. side BZ A0 7.5 2.2 264 9.7
15241545
> {511=1515 Bandsawing  Area - Back of saw 25 287.3 0.75 Overload Overlasd
152415458
E 1511=~1515 Bendeawing  Area Side of saw 25 271.3 096 Overioad Overlosd
1524~1548
F 1555—-i60) Bandsawing  Area Back of saw & 69 1.8 14,3 57
H 1555=-1601 Bandsawing  Atea Side of 2w 6 65.1 23 . 227 7.6
I . 1855-1602 Bandsawing Personal - K. side BZ 7 14 4.9 49.3 17.6
J 1554-1602 Randaawing Persotal L. side BZ - 209 3.1 43.5 9.7

. FIGURE 2 : FIGURE 3
Scrrning electron micrograph @ SQ0x showing mostly Scanning electron micrograph @ 450X showing many
unensapsaisted fibors. encapsular] fbers.
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{s/mL) for al} asbesros suucures and B.2~17.6 s/mL for those
asbestos structures lopger than 8 jom. The acea samples showed
results somewhat lower than the personal samples, as would be
expected. For the PCM analyscs, the grea sample results were
between G.75 ang 2.3 f/mL. The TEM ares rosulis wers 14,3 and
22.7 s/mL for wial struatures, and 5.7 and 7.6 «/mL for those
structures longer than 5 gm in the 1ws samples that couwld be
anaiy2ed.,

DISCUSSION

The eancenteations of airborne fibers longer than 5 um mea-
sured (by PCM) in the breathing zone of the operatar diring
bandsawing of this mawerial are well above the currens OSHA
Permissible Exposure Limie(PEL) sight-hour TWA standard for
occupational exposure 1o ashestos of 0.1 fimL., end the OSHA
10-minwte sxcursion {imis of 4.0 #mk. For the arsa samples
2ken cloge w the bandsuw, the concentratians were afl well
sbave the TWA, PEL, and twa of four were above the excursion
limie 25 well, (The other two samples, ot 0.75 and 0,96 f/mL,
werg near 1o the excursfon iimit.) The cancentrations of asbestos
structutes measyred by TEM (bath tatal and those larger thao

3 mieromeers In their longest dimaension) were wall above the '

fibsr concentrations measured by PCM, and wore significant and
substantial. The conesnumtions of aithorne fibers/siructures de-
wemmined fram the Gireys with the biphest surface loadings of
fibers and asbestos struntares were lowar than For those 1aken in
the same generpd Josations, but which had lower loagdinge. This
may indicate that there was some obsourstion of asbestos parti-
cles by overlying pardcles in the mars heavily laaded samples.
and that thase raculte winy therefore understate the scwial con-
cemirations. The air flow through the chamber (3.2-3.7 ACH)
was higher than is sometimes found in machins shops or other
similar estrings, and thus these results may undeystate sctyal
potential sxpogures for this reason as well. However, the fast
of anelosure will act to restriet dilition. and dthe concentrarions
reported here may thus be higher than wonld be expected io &
=req] life™ setring.

Asz can be seen in Table I, the saber cawing did not pro-
duee PCM-menssumable airbome asbestos However, the datee-
tion himit of the method was relativaly high because of the shon
sampling pariod, and relatively low concentrations wers mea-
sured by TEM. Baged on the ratios of total and >5 um TEM
structures 1o PCM Rbers in the other seis of samples, it is es-
timaed that the POM econcentration in Sample A would have
been in the rangs of 0.04-0.09 i/mL. if 3 sufficient air velume
had been collecied.

Tiwe periods of cxposyre at the measured concenvrations that
would have been required to exceed the OSHA standards as-
ing the PCM personal BZ results have been caleulated far the
extremes of the range of those measurements. If ong was ex-
posad 10 8 cancentration of 2.2 fimL., a period of approximately
23 minutes would suffice o produce an eight-hour TWA expo-
sure of 0.1 f/mL. with no other exposurs. For 4.9 f/mL., only

about 10 minuics would be requised. With regard 1o the 30-
minute excorsion limit of 120 fAnk., 14 and 6 minutes would be
required o exased it at 2.2 and 4.3 f/ml., respectively. It ihe
maximum concentration found foe the TEM 5 um pecsonal
B2 measurements (7.6 (/mL) was similarly considered. |ess
“than 3 minutes would be required to excesd both the PEL ang
the exeursion Jimil.

The findings here are vagsonably consistent with the find-
ings of others'"¥" who have snudied asbestos expusures during
gaskat handling involving machining of gaskels. That is. that
pawer machining {wire brushing old saskets witk & wire disc
grinder. o remove adherent maierial from the gesketed surface
i the most common machining opesation) may generace appre-
cinble concantrations of aicborae ashestos fibers (in the range of
«~0,5-3.0 #ml by PCM}, slthough nermal hand cutting does
not Lsually causs such high soacentratians.

As can be geen in Figures 2 and 3, there is support for both -

gices in the “Gber ancapsulation” dispute. Some of the fibers
and fibor bundics do appear to be largely sncapsolated by the
amorphous neoprene matrix. However, some others are aon, and
one can easily see asbestos fber bumdles that are free of the
neoprene, Those figures also, hawever, show tharas [cast some
of the fibers are agglomemted into farge particles thar could
not, under any reasonably foresecable ser of circumstances, be
considered resplitable.

Even though the hand cuiting or other manual handling of
thiz or similar produets easnnot be guaraniged free from signif-
tcant risk of asbesigs exposure, the importance of observing
Iabel inspuctiont i¢ itlustreted hera, Any machining operaiian

" on any asbestas-containing product may be accompanied by the

preduction of excessive consantrations of airbome asbestos, if
sufficient energy ts applied to the product, Anather way of ex-
Pressing this is to state that “friability™ is always refative o the
energy applicd.

Fimally. this matorial was purchased for this study in October,
1996. Accordingly, users of gaskets ara wamed that asbestos is
not a maitesial of the pest, bus is available on the open markst
taday. Given the conesntrations measured here, ang the compa-
rability of thase results with measurements of others, ir will be
Tippoant 1o verify that appropriate precautions are taken 10 pre-
vent exposure 1o asbestos, if this or similar produgts are viewed-
as being so essential that & nON-ashestos substijute cannot be
wsed (n their place.

CONCLUSIONS

Based on this study. it appears likely thae similar usage of this
or similar shest gaskets may hive caused significant asbestas ex-
posures during its past and current applications. It Is unknown
how fregquently such work was done (or is being dong now),
although it has not baen repoted previously. However, if many
duplicaie paskets were or are to be produced, the possibilicy
of bandsmv usage should be investigated, because the éxpacred
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asbestos concentrations fram such usage wil) be orders of mag-
nitude above those generated by hand work.

Thw mosr desirable control will be o disailow the use of
this or any simifar asbestos gaskering matarial in the workplace.
Where it must be used. the label restrictions given in Figure |
shoutd be obasrvad, at 8 mininmuom. |f machining such as that re-
ported here is expecied, it is recommeanded that cantrois similar
w those used in this study (negative pressure enclosurs. suppie-
mzmcd by mpiratoty protection and provective clothing) shou(d

be the minirnum requirements. Where similar kinds of antivi-
sies are carried oot in 2 workplace sewing, the reguirements of
the OSHA asbestos reguintions™ should bs carefully followed.
Conventional local axhaust ventilation andenélosure will aimos:
cernainly be the most effective caoatral measure, if pmperly de-
gigned and implemented. Bacavie of e concentrations fgund
here. the selevant OSHA persannel should be consulted to ap-
prove the measttes (o be taken.

Based on the TEM contentrations reported hara (Up (0 almosts,
30 s/ml for total strucrures. and up o slmos: 18 s/mL for thase
>S5 um) pressurc demand supplied air systems wolld Appear
to be the only appropriate respiratory pratection. Even |f the
PCM resuits are accepred as sy appropriate index of risk, and it
i= sasumed that reapiratory protection allawing in-mask coneen-
srations as high ag 0.01 /mL may be used, some form of supplied
alr system will be required to meet the jmplicit progeetion factor
requirementof ~500. Of eourse, if it is assumexd that the moat ap-
propriate workplace exposure standard for 8sbestos is the vsval
armblent concentration, then & protestion factor of 5000 will be
needed 10 make the in-mask conceniration 0.00) £anl ar balow,
to meet wxday’s ambient concentrations, Clearly, substitution is
e most desimbls control, and prohibitien of power machining
would bs next most desicable,

IELIELBAUM MD PC » 197209284417

JUL. 24. 2660

NO.@848

D. P ROWLER

ACKNOWLEDGMENTS

The original work was funded by the law firm of Qaliher.
DeRobettis, Nakamura, and Ono of Honolulu. Hawali. repre-
santing the plaineitf and his family. The laboratory analyses were
performed by Bernard Thomas of the R.J. Lee Group. Inc. in San
Leandro, California,

REFERENCES

1, Cheng, R.T.: Melarmou, H-§.2 Bxposurc by Asbesins from Asbettos
Guaskets. Appl Oceup Enviran Hyg 6(7):588-501 {1901).

2, MceKinnery, W.N.: Maore, R.W.: Evaluation of Airborme Asbesios
Fiber Leveils During Ramovel and Tnsmaliation of Valve Oax-
kats and Packing, Amer Ing Hyg Assoe Joum S)8:331-532
(1992,

3, Spence. S.K.; Rocchi, PS.J.: Exposure w Asbestos Fibers During
Gaskey Removil. Ann Gocup Hyg 40(5):383-588 ({996}

4, Livkonen. LR Still, KR Backei, R.K.: Ashesws Exposura fram
Gaskat Operntions. Indusicinl Hygiene Branch. Noval Regional
Meadical Cenor, Bremerton, WA, (May, 1978),

5. Nauonal lastipute for Oscupationsl Safety and Health (NJOSHY:
Aakestos and Qther Plbers by PCM~ Methad 7400. NYOSH Manual

" of Analytical Mechods— Aih Bdition. DEHS (NTOSK) Pabl. No, 94-
113, NTOSH, Cincinnali, OFH ()554),

6. Raviranmental Protection Agsncy (BPA): Asbesms-Commmg
Materials in Schools; Interim Transmission Blectron Microsenpy
Methadis, Tille 40, Code of Pederal Regutations, Part 761, Subpan E,
Appeadix A (1987),

7. R.J. Lee Group, Inc.: Personal SEM, v. 3.1 1. R.J. Lae Group, Mon-
roeville, PA (1996},

8. Occupnslonal Safery and Healtn Administration (OSHAY: Asbestos,
Gonsiruction Standard, Title 29. Coda af Fedaeal Regulations, Part
1926.1 101; General Indusry Standard, Tule 29, Code of Federal
Regulations, Part 18[00, 1001 (1983).

5:31PM P 5

07/24/00

19:22 TX/RX NO.5811 P.005

P %

)
}
i
'
]
]
i
‘
f
‘
g
H
¥
4
1
§
..
'.
i
[
4
3
)
i
.
'
|




