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ABSTRACT

Hard-pressed or encapsulated asbestos gasket materials
manufactured by Garlock release only small amounts of fibers
during handling, processing or removal in industrial
operations. A recent Department of the Navy study confirmed
that the total occupational exposures related to gasket
materials are at the minimum risk levels compared to current
Federal standards.

This study, commissioned by Garlock Inc, shows that work
area contamination - i.e., ambient pollution from other sources
in industrial areas, ,.asbestos-laden clothing, and general
atmospheric pollution - far exceeds any contributions from such

. gasket materials and makes emission from gaskets insignificant

by comparison. -

Wher these nongasket sources of contamination are minimized
the actual occupational exposure of the gasket materials is in
tre range c¢f the levels of exposure expected in downtewn city
szreets on dry summer days experienced by the public.

breathing zone concentrations of asbestos fibers frenm

, Stvles 7021, S00/7735 and 603 gasket materials

S 2t they were in the 1920-1¢70's are near the lower

£ dztection. To_the_extent_they are measureable, the _
velusgs zverage. 1/100th of the current allowzble exposure cf two
fibers per c ubic cent*meter _greater than_five_micremeters in i
lerzth. 2s_cetermined by phase_contrast microscopy_and_basec_on
.2 elcht-hour time- wezghe'J average. kOIP day.

Tie actuel ceontribu iow of the Garlock zsbeszcs oaskes
rz=erizls cescribed and evaluzted in work eavironments
cznstitute a necligible evposure and risk to workers. Thre
cccuzational exposures, are often lower than contarminz<icn
levels of industrizl work areas where asbestos is processed, or
the exprosure to the generzl pecpulztion living nea- these
inZustvial arezs, or in downtown city streets en déry summer
czys -
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Asbestos_is_one_of our most Plentiful, useful, and cheap
asoeee
industrial minerals. Consequently, because of . its high._thermal
[ = - -
stability and resistance to corrosion it appears in more than
3,000 manufactured goods_in_the .United States. Estimates are

e e —

that at least 30,000,000 tons have been used in constructlon

ang manufacturing since the year 1200. This common use of

asbecstos has led to the exposure of millions of Americans at
levels that may have a significant impact on their health.

Toczy, large numbers of Americans are, exposed to asbestos both
oocey, -eige nd

I e e - ———

irn inZustry, as well as in cur environment. Environmenta
QL om=mietae B2 FELLEL

-——————— —— ————

exgoeure cccurs in our cities, nezar industrial complexes, from

€:il R:ch in asbestcs contert, and even in rural areas affected
£ 2:53. a0 @Soestos concenc, an ctea
by rziural erosion of asbestics ccntaining_rock. Therefore,

mcost ATericans recelve at least scme regular low-level exposure
tc estssics in their lifetirmes. Eowever, sons experience much
Lhigher levels from occupaticnal sources or have had high
ex-cesures in past years.

The ccncerns abcut the rcle of asbestos in the development
cf the lung disease, Kncwn as asbestosis, beczn in the United
States in the 1930's and prcgressed slowly as more was learnecd

£ the pathogenesis of the disease. Moﬁt of the attention was
centered on disabled workers with an obvious work-related
exposure pattern involving exposure to raw fiber. Few, if any

controls, were followed so



" that fimq and intensity factors led to clear cases of

asbestosis. This continued until the 1960's when signs of
asbestos-related cancers began to reshape thinking and action
about occupational exposures to asbestos. Today the exposures
of workers have been markedly reduced through various means of
veoluntary controls and legislation that led to the first
Federal standards in 1972. ‘

In 1645, Marr [1l]) concluded that asbestos-associated
disease was an important probiem among insulators working in
naval shipyards. However, the methods of assessment weakened
the conclusions. Pioneer work was begun at Puget Sound Naval
Sripvard (FSMNS) in 1965, culminating in a conclusive.report by
Flangsld, Bezkett & Bessmer in 170 {2, 3). Mest of the
atiention wasrdire‘ted at the products and operations that

creduced hich-level exposures to asbestos werkers and

assccizated trades. The conctlusions were that the threshold

lim1t was still too hich at 5 million particles_per_cubic_foot_

mrocf) (ezueivalent to appreoximately 50 fibers per cubic

centireter (cc)) and that intermitient pezl exposures were far.

- —_—
mcre impcriant than previously considered. Both have been
ccrroborated by more recent literature. 2bout 19632, Selikoff

{4, 5] and others began repcrting the appearance of asbestos
specific cancers in work groups with high exposures to asbestos

and leng werk histories.

1256G 2



Siﬁce‘tSat time, wide attention has been given to the
diseases if asbestos by physicians, Scientists, and researchers
and driven by Federal Regulation that lead to the lowering of
allowable occupational exposure levels and the marked increase
in claims based on previous high-level exposures.

in 19278, Dr. 1lrving Selikoff of the Mount Sinai Hospital
and a team of medical scientists conducted a study on the

Disability Compensation for Asbestos-Associated Diseases in the

United States [6). The study was completed in 1982 and clearly _

defines the latent effects _of exposure_and probable

czss-recsconse relztionship bzsed on time_and intensity cf

e a® s -

expcsure. However, J. E. Crzghead, et al. [7), M. R. Becklake,

(o
n
—
b
n
T
L
Vs
"n
0
o]
L]
rt
n
—

[®), raise reasonable cuestions

acout the valicizy of the prcbable dose-response relationship

o=zzuse cf the lztency. facters_and the ill-defined respcnses to

N SCISRE S LT
iow-level exposure. Nichelscn [2) observes that the long lapse

is, or

asbesto

in

|
!
|
'
|

Time frcom exposure to_the onser of

asbestos-relates cancers, crszres_significant difficulties in
atterriinc to estzblish a dose-respeonse relationship. The

c:isezse rnc:rgdence today is frcm decades past when few

rmezsurerments of asbestos conzentirations were made, exposures
——————— .- - - - - - T T e e s it i " 0 o —® . — ..

o o e e ———

were high, and centrols were few. Churg [10] described the
vere n. £ 2

relatively high level of asbestos fibers in the lungs of city

e e s St e - e n -

—

dwellers not occupationally exposed. This suggests a typical

——

sigmoid, or "s" shaped form found in dose-response

1256GC 3
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& elat:onsh;ps where a lower no- effect level is reached rather

Rl

than the.direct_dose-response curve which takes the form of .a

straight .line.
There is a linearity of effect with increasing amounts of
asbestos inhaled for related asbestos induced cancers. There

are differences in the slopes of the dose-response curves. and.

—— et

some literature implies that a linear, or direct response

exists at any level of exposure. In real;ty, these are

extrapolations from_epidemiological data_on _deaths_wh .i.Ch

resulted from unknown,. or previous high level exposures to,
\._/—"_"__

i determining the risk of cancer than mere recent

expcsures. 6] They de _hot relate to very low concentration

—— e e -——-

e)xposure patterns, the'efore ehhraoola ions that aprr oacH the
" — i —————— —_——— ———— - L . —— e e

ez in the single-hit mathematical model is extrese, and

exp:s::g_gzgin}Qdividual>pxcducts. The discovery that elevzazed
levels of exposure to asbestos fibers may lead to related
cancer, anc the trends in Tort claims reguires a2 knowledge of
the exrosure peotential of ezch product

C-ivious attention is new given to lower levels of exposure

than ever before. As technolegy and prevent 1ve wtrk practices

1ower occupational exposure, the contrzbut;ons of each asbetsos

——— e = v —— e - —

product becomes important. When high-level exposure occurred

during uncontrolled work situations or even at allowable

1256G 4



;x'v.wosures of S mppcf (50 f1be,r.SAC_J&§_e_;_tb_e_prlor r_e_gln_m__e_ngg_d
-/_____/——‘_“ e et

TLV, contt:but;ons from encapsulated gaskets were fractional
L2201 4.

and negligible. In short, the extremely low level contribution
from such gaskets is obscured by the high background levels

from other asbestos sources, ©r their residual contamination.

II.
EACKCROUND

Y

The earfier works of Marr [1] and others [11]) used method
and instruments which are now unsuitable for the assessment of
acsheszics exposure based on the current Federal occupational
stzndzrd cf two fibers per cubic centimeter gr eater than five

r.croTeisrs in diameter as_collected on a memtrane filter an:d
czuntzi £y phase contrast micrcscepy at 400X. When the
zz-ecgics cust levels were elevazted, little attention was given
rzzxgrouns contaminatieon and the sampling and ccocunting
errorsz because cf thelr negligible effects. As the alleowzble
exoecsore levels were reduced over the years, effects of
pzzhzrzuond centenination hazve bececne important factors in
gsceczment of evpcsures that zre in the ra of these sources
cf{ ccote-instacn. 'The current feleral stancdard reguires
eyikgég;cn that 1s aprroacning the lower limits of detecticn by
phase contras;Jmiq;p§59py“vithin acceptable statistical
limits. In fact, R. D. Zumwalde and J. M. Dement {12} observe

that 0.1 flbe's/cc greater than five m;crometers 1n dlameter is
N————



the iowe:;limit of detection that may be used . with_any _

—~ -——— s

jfliggjlity, These_assumptions are based on_the_counting__

limitations by phase contrast microscopy and_the known_random _

.t — /

sampling errors. Reported values below 0.1 fibers/cc become
suspect unless rigorous procedures a;e_;q;}owgg_to aveid _large

———— -

errors and the effects of contamination. Therefore, it is

useful to reevaluate previously reported exposures to asbestos
casket materials [15], to validate them and to judge the effect
cf these factors. ' -

Kenneth A. Busch, et al. [13], further describes the
limitet:ons of the method and the potential for large

co-eff:zients ¢f variation when low levels of asbestos are

Ezrlier dezerminataions ¢f the low ievel of fibers released
frop encersulzteld gasket meterizls must be revised to =+ill
lcwer velues befazuse pricr mezsurements did net accurately taks
czozunt ¢f conzéenination in the work area. 2rnd other bizs such
gs the limaitez:iens of the countina method, or arbitrary

samzlinz consacderations.

111.
INTRODUCTION
Because naval shipyards were large-volume users of asbestos
products, the occupational exposures in the 1940's, 1950's anrd

1960's were often elevated |1, 2, 3, 6]. Most of the

evaluztion,

1256GC 6 .



engineering, change or work practices, and personal protective
‘measures.were'directgd toward these obvious sources of
.sxposure. Each of the asbestos products were used in a unique
~ay ranging from blankets of asbestos used for thermal
insulation that caused high exposures to the negligible
exposures caused by gasket materials. Products like gaskets
contributed a comparatively small, almost unmeasureable,
propertion to the overall occupational exposure. Therefore,
'litgle attention was given to these low-level sources of
exposure because the high volume, high-exposure level sources
needed primzry attention.

In 1232, the American Conference of Governmental Industrial

Evrenists (RZTCGIB) acdopted 2 Thresheld Limit Valve (TLV) for
Farticulate in air bazsed on 5 million particles per cutic foot

(rzpcf) for an B hour time-weighted average workday, which

"
1
!
m
Ve
)
1
6%
(")
e}
1]

ffect until 1°€¢, when it was reduced to z mppcf.

ne zrzlyticzl procedure reguirec that air samples were drawn
:h:o:éh mi?;et imp;ngf;f containing distilled water 2t a rate
cl .1 cublic foot per minute. An aliguot of the solution was
traznsierreZ to 2 microsccpe counting cell in the labcraztory znd
the particles ccunted by light field microscecpy at 100X power.
hyer a<z. ;1. (13) conducggg_gqppara;iygm§§mpling‘in
asbes:g;_plgntg in_1965 using the impinger/light field

microscopy technigue and the current membrane filter/phase

contrast microscopy method. They concluded that 50 asbestos

1256C 7
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"fzbers/cc, é}éékéf fhaﬂ‘fﬁve micrometers in diameter Sy the
membrane filter method was comparable to 5 mppcf by the

"mpinger/light field microscopy technigue. This comparison is

important to show the comparatively hlgh allowable 1eve1 of

— ———  S—— . —

occupational exposure to asbestos fibers in air during 1946
——— 2 . .

through 19262 when the 5 mppcf TLV was applied.
Accordingly, standard shipbuilding and repair practices

- suzh as magnes;a block cuttzng and installation, or asbestos_

cenent mixing created eauzvalent fiber.counts ranging from 167 _

tc 475 _fibers/cc on an eight-hour time-weightec average basis

uee of these high contamination levels from all other

s-zurces, Mangeld, Beckett & Bessmer justifiably ignored the
czexsz c:ntribu:ién in their studies culminating in the 1970
FIIs repesrt [3). It was not until 1278, that the Department cf
l'zvy [18), 2s part of & centinuing evaluation rrogram se+t abcout
evzlueting askbestos exctosures to workers from storing,
rnznZi:ng, anc processing asbestos gaskets of zll kinds. The
iiiﬁi_.? ind Naval Shicryard (PSNS) was selectes as the lead
snipyerd in the evaluziion which produced the 1978 report
Th{g_ggwl ation 1s important because there exist few su*h

F=blicaticns that identify and estimate the occupational
exposure to asbestos gasket materials. The report concludes
that even the simplest of general housekeeping controls eor work

practices are sufficient to maintain occupational exposure

12563 8



below thé current Federal standard for an eight-hour TWA

exposure of two fibers/cc, greater than five micrometers in

diamete

r or the proposed NIOSH standard of 0.5 f;bers/cc,

et e T e o ———— - et

greater than five micrometers in diameter. In fact, many of

the exposures were found to be less than 0.1 fiber/cc at which

level medical examinations are no longer reguired |16},

~accordi

feor Asbestes.

Iz

(ezzus
T oTws
€TrIinTs
in CLe-
&z T

standar

- ——————

stangar

of allo

1256C
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h

meter cn an eight-hour tirme-weighted average was adcpted

.

ng to a current interpretation of the Federal Standard

is rezsonzble to conclude that the same types of gasket

ls used in the same manner from 1940-1970 would produce

.

giktle contribution to the overall occupational

Secendly, the contribution fronm encapsulated ga

mn

Xets
» beleow generzlly accerted allowable exposures. TFor
,_the reccmmenced thresheld limit value (TLV) was 12
1ZC fibere cc) until 16318 whep it was reduced tc 5 rppef
€C f:i2eres z£2) unztil 122, when it wes further reduvced to

2% (azzut 12 fibers ‘cc). In 172, a still more

five fibers'cc, creater than 5 mm

£ 100 wes later reduced to two fibers/cc in 1976. Thus

wlazed gazsxets, found to emit less than .01 fibers,‘cc,

levels more _than 200 times below the current Federal

d and thousand< of times less than earlier .accepted

ds. . Page 10 depicts a graph illustrating the manyears

wable exposure to asbestos fibers from 1946 to 1982.
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MANYEAIRS OF ALLOAJADLL EXPOUUHK

—™

@ Wch
1 © . 1n 1946, the ACQIN
recommanda an Asbestos

) standard of 5 mppcf by

| v light field microacopy

- (5 mppef = 50 f/cc)

-0

1960 the Dritish Occupationil
Hyglune Soclety adouplas the
ACQDl TLY of S mppcf

The ACULU! affirma the 5 mppcfl
TLV as Sutislanclory to control
anbestoan, o B3 recomnends
the flltoer technique and phase
contraast microascopy.

Tho ACOIN recomaends 2 mppcf as
the TLV for Asbestos in 1949

\ 2 mppcf = 12 fibera/co

) In 1972, 0SUA adopts 5 fiwera/cc,
5 ua in dia, by phase contrast
NIOSH rocomnunds a standard microacopy at LOGX.
of .5 Fibers/cc N .
~ In 1976, OSUA std dropa to
2 fibers/cc
u ~ 1n 1982, 03HA conalders
o N further reduotion of the
1, Anbeatoa standard
— 1 . A L i i H 1
1940° 1950 1960 1970 1980
+ Source: Rajhana, O.M. Bruge, Englnesring Aspects of 3 ~a bust Control

‘bor Sclence Publishera, 1970
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However, -the technigues and methodology.used in the PSNS
gasket report may provide misleading information that would
cause higher levels of asbestos exposure in the breathing zone
of workers to be reported than actually exists in a work day
from procéssing asbestos gasket materials.

The 1?78 ?fﬁ? report [15]) does achieve the intended purpose

to determine the exposure to any and all asbestos in the

.breathing zone of workers but does not determine the actual

contribution from the gaskets alone. Samples were collected in

__scme work areas under uncontrolled conditions and later in _the
ngg-y:rk.ageg under controls without regard to potential pricr .
ccntzminzticn. While exposures were reduced by cleanup, the
comtzmination from past operations would be present in the air

arni-cr-recdiebursed from previocus activities. Tiny fibers cf

irberne indzfinitely under such conditicns cf

n
1!
10
o
Ral
m
il
v
[
o]
1]

tavkulence (17, 18, 1¢, 20, 21, 2Z).. Because the airborre
concentrztions reported in the FSNS gasket report [15] are

extremz2ly low, often .0l fibers/cc or less, the potential for

(g]
8}
)
ct
n
!
'
3
m

tion is certain anc would be expected to substantially
shew reported vezlues upward. The sample periods in the FSK3
reccrt range from six minutes to 132 minutes which is another

fector which limits the precision of the method. Also, the

limitations in the counting technigues |12, 26, 27, 28, 29]
indicates that at least ten fibers/100 microscope fields within

an effective microscope counting area of .005 mm2 must be

1256G 11



viewed to remain within the very large co-efficient of

-

variation of 0.41 at that concentration |25]. Additionally,'

single samples collected for short sample times and using an

arbitrary lower cutoff of .01 fibers counted introduced unegual

and wide systematic error by the report's own statements [15)

on page 3. Furthermore, membrane filters like the

Millipore AA, .Bu pore size have a background of 0.1 fibers per

.micrcscecpe Forton recticle field cr ten fibers/100 fields

[

-

[=}

]. Therefore, larger air volumes must be collected to be

z-le tc measure the airborne contribution with any certainty

-when a:rborne asbestos levVels are in the ranges reportec. The

'

2

-
-

‘T zseumes 0.01 fibers counzeZ as a lower limit for low

ues regzriless cof actual exiszence of the fibers, thereby

The sarple periccs were limited to actual exposure tim

(1]

curiny th2 semple per:icd and may nrot reflect a compleze unit

-1

expecsures of =ingle or parts of zn operaticn were recortesd

cerEtion or gn eichi-hour time-weighted expesure, and rmeve
T L. . - —— e -
ikelv reflect intermiitlent pez: exposures.

Tz rerort concludes that excosures do not excees tne
arrent ressrel standaré of twe Iibers.cc, on an eic-ti-hour
Vs "

his is rmislesding since crnly the intermittent pezk

-

These intermittent.peak values may be several orders of

magnitude higher than the actual eight-hour time-weighted

—~——

ty

0

(%]
—
19



average, -based on a 40-hour week, and_adjusted for background ..

————

contamination.
gcontamine

In some cases, oq}y”single“samplesawere-collectednfor~an

cset e man ®

operation. Such single samples only serve as._indicators and

are not_relevant nor statistically _significant.
The low-exposure levels reported do _not consider

pre-existing contamination, and therefore do. not necessarily

recresent the actual airborne contribution from the gasket

rzzerials.

e

Section XII of the 1978 PSNS report shows consistently

m:zher reported values for sarples collected at longc EBeach
vzvzl Eh:ipwvard by the Naval Regicnal Medical Center, Oakland,
<..zn rerpcrted by FENS. There is no evsluation or compariscn cf

The 127 FSKS part is unicce becasuse there are only a few

g2 rercrts thet evaluate the ceniributicn of varicus types cof
ezzzetos czsket to the occupaticnal exposure accorcéing to the
szzze-ci-1he-zrt werk practices conducted in large shipyards by
Zizhly meczale work forces. NKenetheless, the data_snhows only 2

- & o

s-2.) ccniribution by gasket materials to the overzll

csntarminztion, redispersion of fallen asbestos fibers and dirty

clothing, and reflects higher intermittent peak expcosures of,
unit operations. Although the 1978 PSNS Gasket Report is an

important work, a redefinition is needed to show the actuzl

12565 13



P

exposure of gasket products. -This would exclude other sources
of exposur@ or make adjustments f£O0r them because there is a__

~ommnon thread of error of assumption,_namely that ;§g_§;mpling

- - A —— o

e —

of low=-level airborne asbestos levels in a highly contaminatec
environment reflects the actual gasket exposure pattern._

The technical objections previously stated introduce large
systematic errors from counting assumptions and background
cen+tzmination that skew the actual airborne exposure levels
;ubstantially ﬁpuard. Therefor?, the values are overstated and
éeo nct reflect actual eight-hour time-weighted exposure
pztterns. Ihe accumulated contamination is a function of

.

izzzz.cn, cperzticn, use rate anc work practices.
E 3 report makes ariitrary sarpling and
rizrzscope ccunting decicsions that affect the lower limit of

cdzt2:z1ion of the methcocdsology. fovr exzamrle, 2 15 minute szample

it c¢f cetection of .02 fikers’cc at 1 fiber 120

m
n
i}
Vo
0
)
(1]

rrzroszcpe fields counted zglves below .01 fibers counted

were ascumes tc be .0 fibers founZ. Tiiis was done for
convenience tut nonetheliess leacds to hicher values reper-ted

eztureliy feound. Inscfficient fibers collected ¢ the

ccumiing errors using the atbove assumpiien.
The MIOSH kevised Recommended Asbestos Standard of 1976
[30] shows that under the most optimum conditions using a

microscope field counting arez of .007) mm2, the lower limits



of detection range from .04 fibers/cc, greater than 5 um in

-

length for a 15-minute sample up to .00l fibers/cc, greater
*han 5 um in length for an eight-hour time-weighted exposure.
This is eguivalent té the discovery of the adjusted net count
of one [1] asbestos fiber, greater than 5 um in length in 100
microscope fields. The gross count is adjusted for fibers
already on the membrane filter as stated by the manufacturer
dzs). Tﬁe:e is no basis or current pfocedure that justifies
icdentificaticn of less than one [1]) fiber in 100 fields

ccunted. The NIOSH Revised Recommended Asbestos Standard of

- o ——— i o e . e o ——

"2 [3J] shows the prp;éqqre_fails“due_to largce_errors when

N e ——— -

iess tThezn cre |1) fiber /100 fields is considered based cn known

verizoilizies frew
() Unewven distribution of fibers on the filter surface;
() Var:iance c©f cistribution on any cgiven filter wed:ze
{(3) . Versebility 1n micrescepes;
S rEL -

(2)__L:ferences in technigue and ability of analyst;

— -

(%) Ver:iztions between labcrztories.
Rezzrc.ess of 1ts limitations, rhase-ccontrast microscopy is
ihe on.y reesonzile technigue available for routine asbestos

fiCer couniing anc 1s the only method that relates directly to
S——— .

the rederal standard that sets allowable occupational exposures

to a:xrberne asbestos fibers, and the reguirements for medical

examinations. |24, 25, 26, 28, 30, 31, 32)



Since 1964 when theAthreat_of asbestos-related cancers were
iefined (475) and with the increasing knowledge about asbestos
:posure, the focus has shifted to the concept of reduction to
lower and lower allowable occupational expecsures. However,
there>is scme guestion about the extrapolaticn of data from
studig;_gggdgé;gd ;;Amgch higher levels of exposure to these

lower levels of exposure with the same expected dose-response

relationship.

" The technical ability to measure low airborne
concentrations of asbestos fibers have been made possible by

phase contrast microscepy but the analytical method approaches
the limites of accuracy and precisien (12) when lower levels of

(1]
0.

[

aereztss fic-ers are me:zs

b

2zte like a

"n
(1]
"n

2cs casket materials centribute

<c the cverzll occupztionzl exposure of workers.

10
mn
i
0n

'
v
|-
—
0
(2]
3
¢!
' []

1itutions are confounded or obscured by

rhigk pechgrounsd contaminztion levels where asbestos produ

(4]
ct
n

are prccessed, sucth as, nezrby cdusty operztions, contaminates
-clethiing, end aztmcsrheric pollutien. Cornseguently, the actuzl

contrzouticn cf czsXet materiales that preduce only lew level

expreosure tc the cverall occupeaticnal exposure of workers

()

becomes important and because few studies have attempied to
differentiate the actual exposure from these sources of

ccntamination.
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The average overall asbestos dust levels in cities and near
- — s - o - e ey, et e VP o © ampraty et @ wam &

industrial areas often reach levels in the range of the

contribution of certain industrial products like gasket

——

theria}§; Therefore, the need to study and determine the
actual contribution of gasket materials to the potential
occupational exposures to asbestos is readily apparent, and to
place the previous studies of Mangold {3}, and Beckett [15] in
‘perspective.

Eecause of this, a comparative evaluation was developed to

measure the actual contribution of Garlock asbtestos gasket

mezterizls tco the occupaticnal exposure of workers in large
indzetrial settings based on the eight-hour time-weichted
sverzge

Iv.

MZTHIOS OF INVISTIGATION

e leow resulte cf sorme ¢f the gasket coperztions evealuated
in the 1¢7& FE&IS repert 2t the .01 to .02 fiber/cc levels

“grest that cther sources of 2irberne asbestes fibers were

in

pert cf thcse recortes values, as well as some of the more
elevzted velues o1 single samples reported. The sources of
szmple contaminaticn zre:

(1) General atmospheric pollution;

(2) Hhkedispersion of fallen dust in the work area;

(3) Sources of asbestos dust from adjacent operations;
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(4) Contaminated work clothing. (The sample cassette is
attached'td the lapel as a standard practice [32])

(5) Contaminated sampling eguipment that introduces fibers
into the azir where cassettes are opened for processing.

The ceomparative evaluation commissioned by Garlock Inc was

intengded-to:

(1) Sarmple typical gasket materials under figorously

centrelled conditions to exclude contaminated sources, and to
~ccllect enough samples to ensure the validity of the findings.
(2) Specify Garlock products manufactured in the same
ranner as in the period 1840-1970. Styles 900/7035, 7021, and
€73 were us2s because thef best represent materials use2 in

irmfcezrizl crerations during the period 1940-1270.

(Z) Rs.zte the sample data to the Federal! standard of two
fiktex ;;, creazter than 5 um in cizmeter for an eight-hour TWA,
and tre (.} Z:kercc level thet reguires medical surveillance
by inzerprstziion of the standard llé, 32).

(é) Frzferentially examine hand punching, machine
p:ngggn£: rzzh:ine shearing, nibrtling, and flange gzskes:
crotezsas 1o clezr znomalies in the 1978 FSNS gasket report

(3) _Ccllect samples in city sireets to show the common
o —

exposure to the population of city dwellers and establish the

levels for compariscn to the occupational exposure
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contributions of gasket materials on an eight-hour
time~weighted basis.

(6) Collect samples in the work areas to establish that

—g—— \

the airborne contamination levels of asbestos before gasket
materials are processed. Otherwise, data would reflect both
sources without distinction.

(7) Determine the contribution of contaminated clothing
during sarmpling of low~-level exposures such as gasket handling
and processing. Contaminated.clothing is known to contribute

v

tc the overall daily exposure of asbestos workers [19, 20, 34,
izt Sudvibeih et tal-Si
35]. _

(E) Use sampling technigues, laboratory procedures for
sz=rle reunting, ané fiber counting by phase-contrast
micreszcpy |25, 26, 27, 2B, 3z, 33) that relate findings tc the
Lebecstos Standerd.

($) Compare street and waork arez exposure data to actual
or zijucted casket exposure cazta te show relevant ceniributions

frza ezzh egxurce.

FINDINGS

k. Expcsure to Citv Dwellers.

Talles 1 and 11 show the concentrations of airberne
asbestos fibers collected at the breathing zone level during

July and August 1982, in Portland, Oregon, and Seattle,
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washington. The same sampling equipment and counting
procedures were used to evaluate the street data in order to
make direct comparisons to occupational exposures in Tables 1V,
V and VI. Each sample was ccllected over an eight-Bour period
during the work day.

Table 11! shows substantially higher levels of airborne
asbestos fibers at the public street level adjacent to Puget
Sound Naval"shipyard, Bremerton, Washington. The samples were
collected during dry days in August 1982, at a location in the
city uvp-and-cown-wind from the shipyard and near the boundary
2 with:on the city.

s cdatz shows surprisincly high levels on certain days,
23 sutszenTially elevated aircrne levels near the industrial

NE severzl blocks frecx the shop that processes

m
Ve
il
™
0

[+1]
n
Oy
m
"n

(A

findinges are cerroberztad by date reported by G. S.

I9€1 [22) ir the2 City ¢f Seattle, for amtient

-

lin:ing, constructicn, industrial processes, and

—————— .

n are the most prcbable sources of these airberne

ccnhzenrtratic

— s s Y b e

L)

e of asbestos fibers. Eowever, recdispersicn plays

£ argortant part in centinuing levels of azirborne asbestos

found at the street level.

———— e e



< TABLE I

Downtown Portland, Oregon

Asbestos Fibers/Cubic Centi-
meter, greater than 5 um in

Sample & Diameter Eased on an B-hour TwA
1. 3d Street . 005

2. 3d Street .008

3. 3d Street .010

4. 3d Street . .010

S. 4th Street .009

6. S2th Street .020

7. 2th Street . 005

E. S5th Szreet . .008

©. 5th Street .010

10. Sth Street . 008

10-d2y average 009 = .01
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TABLE

11

Downtown Seattle, Washington

Sample &

Asbestos Fibers/Cubic Centi-
meter, greater than 5 um in
Diameter Based on an B-hour TWA

.050 (downwind from building
construction)

.005

.010

.050 (building demolition in
vicinity)

.050

.050

.010

.003

.005

.009

.024% = .02

viny this period of cry wezther, one large buildirn: c-n
ticn znd others cn First Avenue were
Lemzcine [|22) found an averacg

.C0<2 f/cc {for downtown commerc::z.
¢ .0C=2 frcc fer hicnhnwayvs, which makes these

1. 1st Ave.

2. 1st Ave.

3. 1lst Ave.

4. 24 Ave.’

S. 24 Ave,.

6. 24 Ave.

7. 338 Ave.

E. Rklaska Way

€. Alaska Way

10. Fost Streec

10-day average

C€=z-2nd fvenus wees 1in demols
vrdzr refurziehment. G. S.
g:roorne acsih2stos count of
zreez znd uvr ot
firZinges even meore profound.
125%¢eC



TABLE 111

Downtown Bremerton, Washington, Downwind
from Puget Sound Naval Shipvard

(August 1982)

Asbestos Tibers/Cubic Cen-
timeter, greater than 5 um in

Sarple # ' Diameter Based on an 8-Hour TWA

1. Burwell Street - North .002

2. Burwell Street -~ North .020

3. Burwell Street - North .015

4. Burwell Street - Center .020

S. Eurwell Street - Center .050

£. Burwell Street - Center .025

7. Burwell Street - South

E. Burwell Street - South .015

©. Burwell Street - South .010

10. Facific Avenue . 002

10-Zay average .01 = .02

“Dry cay sampling includes emissions frex the indussrial
cTerztiicns in the PSNS shipyard, redispercion of asbecstos
I.Zers, ancd city sources, suth zs krakelining, construction or
cemciitien .
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fhe 1981 findings of LeMoine [22] and this data show that
the geneégl population has common exposure to asbestos even in
western cities like Portland, Oregon, and Seattle, Washington,
with good wéather clearance and relatively low astmospheric
inversion factors. The data in Tables 1, Il and 11l also show

that the levels may be elevated during summer or dry days and

because most downtown construction occurs then. The levels of

xcosure are significant because they are in the same range_of,

exposure le"el as p"oduced by gasket materials shown 1n

— et e e ———— c e memeimae
~ _—
—r—

Table VI,

Recent reviews of asbéstos fibers in the lungs of the
cenerezl populaticn show a sub tial exposure by mezsured
n. IThe review by Churg and Warnock [10] conclude that
.ggggixg_a_siqh:ficap;'sﬁpgsq{g from the generzl
envirconmentzl _ceontamination.. This will contribute to the
cverall engosure ol werkers enczzeld in industrial operations,
lhcee handling asbestos products. It is obvious

t zny evaluztion of the centribution of & single product to

the cccugztionzl exposure of workers must consider these

elevzied evpocsures. from other sources so zs no- tec obscure the

true lcwer values and produce misleading informztion.

Cifects cI hebestos-conz a.1nated Clothing.

Current methods of sampling require that occupat:onal

exposures of workers be determined by personal samplers

ached to the body operating at two liters per minute and
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drawihg air at the breathing 2one th;qugh'a:O:Q micron’pore

'size, 37 millimeter diameter, AA-type membrane, open-faced
filter held in a cassette [15, 19, 23, 32]}.

There is _no_specified technique for placement of the

-
o s 0 S e e+ W E e Mt P g e - — -

cassette conbaznzng the filter, other than common sense.

s e ket s 4 W o

Cenexally, technicians attach the cassette and hose bx a cl;p
snapped on the lapel of the street clothes or outer protective
clothing of a=bes~os _workers. During movement the cassette

rests against the clo;hlng 1n .2 downward position. The
Jescs againsi tae ciocil
clothing forms one edge of a baffle causing some measure of

uneven cistribtution ef capture on the filter, thus affecting

tihe ver2atien in fiber counts from different wedges taken fronm

Cicthing, hichly contaminazted with asbestos fibers, may
lead tc resulis Up tc twe fibers/cc, greater than S5 um irn
Ciareter bzsged on an eigcht-hour Tw: when no other source cof
2skestos is present. These values were cdetected in earlier
stucies by the auther and stucied by J. Wendlick, Corporatacn
Irnduvetriezl Eyoenist, Weyerhaeuser Company, in a cooperative
excnance [1E, 35]. Devices welre developed teo hold the filter
‘¢~ the clothing anc recuce the coniributicn of fibers 2zt
the surfzce cf the clothing which showed upward skewing of data

oepeno=ﬂt _on the deglee of clothing contamznatlon

—_— i ————

Not only cen this procedure give positively skewed results

when evaluating the actual contribution of a single product,
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but asbestos contaminated clothing is a serious source of
occupational exposure to asbestos workers.

Table 1V shows the various levels of asbestos fibers
collected on the open-faced filter placed on the lapel of
contaminated work clothes and pointed downward as required
[32]. Contaminated cloth coverall work clothes were collected
frpm various industrial operations where asbestes was in use.

he clothing was placed on the workmen in clean environments

during an eight-hour period in which no asbestos material was

T
m
]

ndled in order to determine the actual exposure from the

geh2stos contaminated clothing.



. ' TABLE IV

>
]

Contribution of Asbestos-Contaminated
Personal Protective Clothing to the
Occupational Exposure

Concentration of Asbestos fi-
bers/cc, greater than 5 um in
Diameter

Based on an 8-hour TWA, Col-
lected on an Open-faced .Bmic™
pore-sized 37 mm diameter-

Descriction of Clothing type AA millipore filter|*1l)
B-Hr. TwA Average f/cc
Eeszvily contaminated coveralls 1.0
uses during rip-out of pipe 1.8 1.4
ineuvlztion 1.5
liedum contaminated coveralls .2
warn three czys befeore change .5 .5
.8
Iiaihily contaminated coveralls 1
worn tinvee cays beficre change .2 1
.03
.C3
.03 .05
.03
.022
.CZ3 .003(*2)
.0C3

ceniributicns from air pecllution, and positive
c? resulis by baffling effects from cerntzminates

~ in the city and
he sampling and
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These.values show that improper placement of the cassette

and heavily contaminated coveralls can;

1. Provide a substantial contribution to the overall
———— e Wt Tmtmmm e o e e ermmse—e—— - - -

exposure of asbestos workers 5599,failqgg_}g_{ggularily_qb;nge

ciothing,qontaminateq"with,asbestos."_

2. Result in values that.do _not reflect the true
brea&hipg zone exposure level. The baffling effect of the edge
‘cf the coveralls to the open-faced cassette is known to cause

uneven coliection of fibers on the filter, and to collect more

fibere on the filter because of the proximity to the surface

n
0
o
ot
m

1
i

‘nz<ien in the coverazlls [30]).
3. Czuse the collecticn of large amounts of asbestos
firezre thzt rmzy ctscure the leower actual airborne

comcentrztiicns released from encapsulated, or pressed asbestos

Tiiie gffected ezarly sampling resdlts where standards &éic

nct reczuire the regular changing of asbestos-contaminated

clzcihing. Ths Department c¢f the Navy, a leader in asbestos

ccrmive! developmant in the 1S60's and 1¢70's, did not seriously
rezuire protective clothing centrol until about 1969-1¢7Z, ==
intrczuczed In the works of Marr |1] and of Manoold, Beckett,

and Besesmer [2, 3] and later by darective. Such practices did

cause gross contamination of sireet and protective clothing_
~—— TE———— ettt et D e et e -

e m e et AN rm . . . — — -

adding a siaon:ficant cgggribu;iqn_;o"the.tptaymgxposure.

o — e & i o p " ———

Workmen wearing highly contaminated clothing therefore carried
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a significant source of eXposure wherever they went during the
~— = '

work day.’ .

C. Workplace Contamination Levels of
Airborne Asbestos Fibers.

The earlier works of Mangold, Eeckett, and Bessmer [2, 3,
36) ignored consideration of gasket materials as a contribution
to the potential occupational exposure to asbestos workers and
associated trades. The asbestos control program was directed
‘2t known high 'level and uncontrolled sources of airborne
asbestos fibers related to knogh work practices.

The 127& FSNS report conductecd by Liukonen, Still and

m
(11}
(N}
s
i
1
]
—
o

] wes 2imed at the total occupational exposure of

5
b}
L
iy
[

‘
mn
ot
[} ]

irbecrne asbestos fiter concentrations while

cenZusting unit cperations relates to the use of asbestos

gzshet rezerials The repcrt relztes the unit operation pezk
exzceuvre anz states that the values are not comparable to the

current Televzl etandard cf 2f/cc creater than 5 um in Eianmeter

0
,
™m
ol
b
1
[
[}
<
v
'™
W}
o
rt
"
(¥R
o
[41]
m
[
n

because cI the short sample duraticn.

uch cormparisons are mei2 later in the report.

r

1
m
h
Ve

Thevelcre. th2 values ave much higher than expected when

-
0
e}
m
~
u
[q
n
i
™

U
47
"
[V}
(o]
3§23
tn
9]

uring the werkday are includecd in the
ezcnt (&) hour tims-weighted averzge and contamination factors
are consicered.

Seconzly, tbe intermittent peak exposure values necessarily
reflect any concentration of airborne asbestos fibers in the

brezathing zone of the worker because the 1978 FSNS report did



.

not consider contributions from other sources of airborne

- .
-

asbestos fibers such as contamination. '

The PSNS report does not reflect the level of airborne
contamination before the samples were collected or makes any
adjﬁstment in the data. Therefore, the values reported reflect
the airborne fibers released by gasket handling and pfocessing
including all other sources of production, redispersion, or
atmecspheric pellution present at the.timei This consideration
is important because some of the values reported in the 1978

FSMS report [15] are near the lower limit of detection of the

ccmtzrinetion levels. In order to determine the low-level
conmirizuzicn of the CGarlock encapsulated gasket materials, a2ir
szT-.e3z were ccllecteZ in work areas used fcr asbestos, but

wiien > ¢a2sket processing was in progress. Szmples were then

ccllezied in the same work zrez when, the asbestos products were

'
)
(]
(4}
(i
n
m
[17]
0.
‘4
3
(1]
n.
Vs

fference in results are shown in Tadles V and

Tezle \ showe the effects of ventilation, air turbulence,

N
LY

movemant mzterials and the motion of erxcloyees in & werk

ere

w
n
8]

ntes

inated with asbestos fibers. The dztz represen:s
the elght-hour time-weichted average exposure cue to
contarmination or nearby sources. The béckground contamination
levels cof asbestos are substantial as expected from

accumulation of fibers redispersed to, or contained in the
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!

ambient air. Such high levels of contamination obscure the
_ small contribution caused by gasket processing as shown in

Table VI.
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TABLE V

CONTAMINATION LEVELS

Airborne asbestos concentrations in work areas from

atmospheric contanlnatzon,
nearby sources. No gasket

Location & Samrle

STORAGZ OF GASKE

LA R V3 I N I SV

S-day average

UV e W B

S-cevw

m
g
* .
[+ U]
(14}
[11]

s -

Ut to Ny b

5-day average

()

—
[ N)
U
{n

redispersion of fallen fzbers
operations conducted.

fibers//cc greater than
5 um in diameter,
Eight~Hour Twi

T MATERIAL

.01
.02
.01

02

.02

.0z
.02
.05
.08
.02

~TZD KEICHANICAL

_or
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ta

u

NACH!ﬂE»PUNCH AREA - &%

b Wk -

5-day average

EAND SHATINZ TAELE AREA

(8]

(A}

W ks L) b))

LW AT PO Y I 0 I )

e 10 Ny

U

5-day average

S-gzy everacs
CEINZ VORI AREIE
S-Zdey arelvale

2 -

v

(92

.01
.02
.02
.08

02

.03

.C3
.08
.10
.07

05

.07

.Cg
.0
.10
.29

10

.11



BEOILER HEAD GASKET
INSTALLATION AREA

1 .02
2 .03
3 .03
3-day average .03
BEOILER HEADZIR REMOVAL
1 .06
2 .04
3 .05
3-day average .05
TLRNZE CrEizD
N> SCRAEFING
: .03
z .02
3 .02
I-dzy avevags .02
E;A:fE orzll
CaE1ZT TFLIVICUSLY REINOVEID
- .03
z .03
i-czy averace .03
C. Garizck rebestcs CGezsXet Processing.
—— T T T Ca — Ty -

Erezthing zone samples of workels processing Garlock gaske:

materials were collectec under the following conditions:

1, iethode specified by NIOSH and 0S3a that vrelate

to the Federal Standard, 29 C.F.RK.

1256C
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2. Samples were collected in the breathing zone of
the workers using a wire device to hold the filter cassette
way from the clothing.

3. Workers wore clean outer élothing or
plas:ic-iﬁpregnated coveralls during each day of the test
perioc.

3. This study, commissioned by Garlock, specified
‘achestos gasket materials which were used because they were
prepzred in the séme mamner as products used in the periced
1€=C-1¢70.

TASLE V1

C-RLOCI. ASEZSTOS G~SHET FROCESSING

Actuzl Conr<

vo s Y
Tctael Exgosure of Gesket Cpera-
te all sources Ezckground tion to the Oc-
locetic of esbsstes Centami- cupaticnzl Expe-
2z curing Gaskes naticn sure, S fikrec, cc
Irevezoon Crerezicns, Levels grezter than 5 um
&z Garicck (Takle V) in Lencth, con an
Sazrzle = liztevizls Suttracztion B-8r. Twh
LI FUNZEING
i} .Ct
z .0z
K .08
= .03
£ .C=2
Frevace C3 - .04 .02

)
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w
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G
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HAND OFERATED
MECHANICAL PUNCE
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Average .02 - .02
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1, i T~

MACEINE NIEELING .

" W N

Average

GAS:IZT INSTALLETION
(Cleany Surface)

Wty

S e a2l DN

3

.20
.08
.15
.19
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Nezgligible
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FLANGE GASKET
REMOVAL AND
SCRAPING WITH KNIEE

1
2
3

Average
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E. Flange Gasket Operations.

Other laboratory testing of Garlock asbestos gasket

e s =+ = = —————
- — —-—

e I M et = e c— - . et e ———— ———— s < 8 &

materials, styles 7021 and 900 show a low contribution to

- ——ap—— *
~— ;- —

exposure for gasket preparation, installation and disassembly

ranging from none detected for die cutting to .06 fibers/cc for
hammer cutting.

In order to vezlidate the findings, three large flanges were
- e . mae T e e e vemem e > are va o= - . . -

"cut frem dismantled ships' piping and cleaned. Garlock

achestcs gasket material style 7021 was hand punched in a
ioczzion where ambient levels were at the lower limit of

dzeeztion, or about .002 fibers/cc. Nine gaskets were hand

sunzhed cver a two-hour perici to rrovide a typical operation
wovh o pzitern. Ehi‘gaggzpi:g ccre concentrations of airkorne
EE:EE:Ciwgi?E;S c:¢ not exceszZ .0. fibers/cc, creater than 5 unm
inograrstar. Thaie rellects an actual exposure devoid of
Troucsvound ceonteavinaticn. This is a-twe-hour intermittent peak
exzzzure that {;E%s_ipﬂ;b:_sa;g range as contaninated shop work

grszs, Or 4ownICWn strests on dry summer days.

Crnz cf tre 1nine gaskets was placed on each of the thres
lenges, bolted end torgued to z-out 60 pounds, which gives a
zze pressure of abeut 2,000 pounds. The three flanges

Tk two houre tc assemile. The breathing zone concentration

cf acktecsios fibers di1d not exceed .02 fibers’cc, greater than

S um 1n diameter, and reflects a two hour intermittent peak

exposure that 1t 1n the same range as contaminated work areas

[
M
w
O
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or downtown streets on ‘dry summer days _ An eight-hour
\_—__ 1

- ———r e en ey o - o e @ o o———
cmm e m e m———

time-weighted average of this actual contribution by thg gasket
materials would be expected to be even lower.

The three flanges were then heated to 200°F in a furnace
for 48 hours, cooled and disassembléd. The asbestos materials
were cleanes from the surfaces by scraping. The disassembly
took two hours. The breathing zone exposure to airborne
asheszes firers during the disassembly did not exceed .02
fibers cc, greater than 5 um ;n diameter. This is an

inter-ittent peak exposure likely to be less on a eight-hour

time-wslgiitel average.

Thig gz=het cutiing, assexbly znd cdisassembly of three
Twgoszl lzvoe flanges, as us2i cn ships piping, éid not produce
2 cozvell Tureathing Zone expriuve exceeding .02 fibers/cc,
creztzr then 5 ur in dizmeter. The hard pre=5g9_§hf£qce an:
ernczzrzulziicn cf the asfestizs Iirers on the Garlock, style 7201
gsestce czsmet material relezse Insicnificant guantities cf

gbhssile IiTsvs

Thie vezlifezicon of previcus evaluztions of Carlock asbestes
ceenszt rzterzale and Eeckeiti's |15) fincdings is lower because
exTre care w&e glUen to potential sources of comtamination, ans

d0nge s‘—‘le times were congucted.

In summary, each of the OPEIE;JODS of ga=ket cutiting,

—— —— ey " e e e e m————

installazticon anZd removal did not exceed contamination levels in

—— e e - .

industrial work areac or busy d:un;oun streets on dry _summer

- e —— ———— . - th o e - e -l e ———
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' days. The ‘exposures are abo%&nzéipq Qiigbg;tgﬁégéyiggi§§3§¢'o£

2 fibers/cc, _greater than S.um in diameter based on an

e;ght -hour, time-weighted basis,

Vi

CONCLUSIONS

The accumulations of asbestos fibers in the workplace frem
-sources other than encapsulated gasket materials plus the
presence cf asbestos fibers on work clothing anZ the asbestos
fibers generally present in the atmosphere, obscure the actual
low 1= ‘el contribution of asbestos fibers to the environment
from Cazrlock encapsulzted gasketing material. Some Eg;:ent
eridericlogizal data suggests there may be a srall risk to
llezltih 2s lcng as theve are airborne asbestos fibers in the
envivenmant cof the nacnitude of that existing naturally such zs
=7 I scil, weater, &nd nzturzl azimespheric pollution.
Yeertihelecss, &n 2lloweble exposure has besn szt since 1¢:i5

end ca2f:ined zg an incex, based en the theory that low-level

exposures rey be tclerated without incurring undue rask [37).
Thee:ghi-hrur time-weighted averzge exposure currently allowed
ZhEE-E

by ths Fezzrzl Standzvd 1s 2 fibers.’/cc, creater than
5 ricromezters an dizmeter.

This report shows that hardpressed or encapsulated GCarlock

ach2ctos gasket products release insignificant levels of

asbectos fibercs into the breathing zone of workers. In fact,
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the exposure levels caused by the handllng and use of these

— T e . — . | -

e

products are often well below exposures caused by contaminated

- R e . T ]
e ¢ e e—— —— - - —

work areas, asbestos laden clo hing, or downtown exposures to

the publlc on dry summer, days.

e e e e S -

Cazlock asbestos gaske* materials, styles 7021, 900/7735,

. erme——a ..

and 2sbestos cloth, style $605, hancdled in_the same manner_as in

heavy industry, like shipyard operations, averages 1/100 or
VY 1N

less of the current Federal standazrd. The materials reflect
exposiure in previous years because they were prepared in
substzntially the same manner as Garlock prepared the materials

in the 1822's to 1©7C's.

10
b
(11}
"
[
n
pJ

of cccupzationzl exposure to asbestos fibers i

<he prezthing zcne Irom the use c¢f these asbestos gasket
rrocdustz ectually eazoroach the lcwer lamit of detection of the

szryling &nd microscopy maethoeds reguired by the Federzl
mZzvd.  They ave a2bcut 5C% oI the values reported in the

187E TENE Rspzrt [15) bezause contaminaticen levels were not

i

T2 Zztz veflezts intermitient pssX exposure, not eicht-haour
tive-uzagihites avereagss

The 1%20 tc 127C occupaiicnz! exposure of workers hanZling
asbecszos material in andustrial settings welre elevated, often

uncenivelled, and at an allowzble level of 5,000,000 particles

psr cubic foct or about 50 fibers/cc. Other data shows 13} at

bt
to
o,
(82}
L)
'



‘least ten times that Threshold Limit vValue (TLV) for certain

industrial operations have been observed. Therefore, pressed
e —————————— T S e

" and encapsulated asbestos gasket materials contribute

————

insignificantly to the overall exposure _of _workers. The actual
Pttt et N — -

contribution is in the range of ambient pollution levels of

asbestos in industrial areas and often at ambient asbestos

e s ¢ o

fiber levels experienced by city dwellers on _dry days for which
fiber leve . -gays 102 wWalcs

.there is no significant impact on their health.
——e—— e e . . o e .
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