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ABSTRACT

Asbéstos gaskets are removed from flanges and machinery
by first disassembling the pieces. The asbestos gasket is
then pried loose with a sharp instrument. Sometimes, the
gaske€.u111 have been so compressed that residual parts of
the gasket are left stuck to the flange {aces. This can
be removed with a sharp instrument.

Sections of piping were removed from a U.S. Navy vessel,
the USN Gypsy (ARSD-1) which was built 4in 1944, served in the
Pacific Theatre in World War II, and was decommissioned in
the 1950's. Some of the gaskets in the piping flanges
collected for opening may have been in place 'up to 40 years.
Gaskets are not normally removed unless there is a reason;

overhaul, leakage, or machinery removal,

Eight flanges were opened over an 8 hour sampling period
to determine the 8 hour time-weighted average. Not all the
gaskets bore the Garlock logo, but all gaskets were similar
and were determined to contain chrysotile asbestos. The air
sarplers placed on the operator and § and 10 feet away from
the operator recorded the release of chrysotile asbestcs
fibers in the air from the opening of flanges and the removal
of asbestds containing gaskets. The operation was conducted

in a clean room and low levels of natural asbestos. - -




The results showed that;

l. The electron microscopy analyses for total chrysotile
fibers qvcraged .002 structures/cc. Structures’/cc is
approximitely equal to fibers/cc.

2. The electron microscopy analyses for chrysotile
asbestos fibers greater than 5 aicrometers in length and
.25 micrometers in diameter were compared to the phase
contrast)nicroscopy pethod. The results fhowed that there
were no chrysotile asbestos fibers present greater than 5
micrometers in length at concentrations above the lower
detection limit of .002 structures/cc. This is a method of
verification of the phase contrast microscopy method.

3. The phase contrast microscopy analyses revealed the
average concentration for fibers greater than 5 micrometers
was .00] fibers/cc, or slightly greater. The perscnal sample
attached to the operator opening the flanges lnﬁ removing the
gaskets was .00S5 fibers/cc. The phase contrast microscopy
method is the only one specified for analyses in the Federal

standard.

The eight hour time-weighted average to the operator
and to a by-stander in the room are fractions of the

daily permissible exposure limit of .2 fibers/cc.
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1. BACKGROUND: Asbestos is one of the most plentiful, useful,
and cheap industrial minerals. Because of its high thermal
stabllity and resistance to corrosion it appears in more than
3,000 manufactured goods in the United States. Estimates are |
that at least 30,000,000 tons have been used in con-tructlgn
and mpanufacturing since the year 1900. ?hia comrzon use of
asbestos has led to the exposure of millions of Anericans
at levels that may have a significant impact on their health.
Today., large nuzbers of Americans are exposed to asbestos
in industry as well as the environsent where it occurs
naturally. Most environmental exposures occurs in our cities,
near industrial conmplexes, from soll high in asbestos
content, in the water, and in the air from these sources.
Therefore, most Americans receive at least some regular
low level exposure throughout their lifetimes. In 1980,
Dr. Churg (1) determined that most city dwellers retain a

considerable amount of asbestos in th;ir Jungs in scze

'state of clearance. The retained amcunts can be in the

zillions of fibers just froz living and working in the city
where low level exposures to asbestcs is comaonplace.

The concerns about the role of asbestos in the
develoénent of a lung disease: asbestosis, began in the
United States in the 1930's and ;rogresiod slowly as more

was learned about the pathogenesis of the disease. Most of




the attention was centered on disabled workers with obvious
work-related exposure patterns involving exposure to the
raw fibers of the various forms of asbestos used
conmercially. Pew, {f any, controls were followed so that
time and intensity factors led to dose levels that
precifitated various degrees of asbestosis. This continued
until the 1960's when signs of asbestos-related cancers
began to reshape thinking and action about the occupational
exposures to asbestos. Today, the cxpoaurci of workers to
asbestos have been markedly reduced through various means
of voluntary controls and legislations that led to the
first Pederal standards in 1972. Since that time the,
perznissible exposure levels of asbestos have been reduced

through the regulatory processes in the United States.

In 1964, Marr (2) concluded that asbestos-related
disease was an important problez among insulators working
in Naval shipvards. His assumptions were correct; h&Qover.
the methods of assessrment weakened the conclusions. Pioneer
work was begun at Puget Sound Naval Shipyard (PSNS) in 1968,
éulninating in a conclusive report of exposure levels and
medical findings by Mangold, Beckett & Bessxzer (3,4). Most
of the attention was directed at the products and the
operat{ons that produced high-level exposures to asbestos
workers and associated trades, and because of the large
volumes of asbestos used iﬁnualifnin the shipyard. The

conclusicns were that the threshold limit valuwe (TLV)
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was still too high at 5 millions of particles per cubic

foot (MPPCF), equivalent to about S0 fibers per cubic
centimeter, and that intermittent peak exposures were

far more important that previously recognized. Both
conclusions have been corroborated by more recent literature.
About 1964, Selikoff (5,8) and others reported the
association of exposure to asbestos with asbestos-related
cancers and the effects of smoking.

In 1978, Dr. Selikoff (7) and a team of scientists
published a protracted study of asbestos-related diseases
whﬁch defined the latent effects of exposure and probabdle
dose-response relationship based upon time and intensity
of expcsure. The model forsulated from high level exposures
was extrapolated to all levels of exposure however so small.
Bui, J.2. Cralghead, et.al. (8), M.R. Becklake (§) and
W.J. Nicholson (10) all raised reascnable gquestions about
.fhe validity of the straight line approach because of the
latency factors and ill-defined responses to low level
exposure. Nicholson (10) further observed that the long
lapse time from exposure to the onset ét asbestosis, or
a;bestos-relatcd cancers, creates difficulties in attempting
to establish the true dose-response relationship. And,
the diseases today were froa decades past when few
-easuregents of asbestos concentrations in the breathing

zone of workers were made, exposures were high, and

controls few.

Since that tizme Dr. Churg (1) has described the




relatively high levels of asSestos fibers in the lungs

of city dwellers not occupaticnally exposed. This suggests
a sigmoid, or "S" shaped curve, so often found where a
lower no-effect level is reached. Otherwise, millions of
Azericans receiving dally exposures to asbestos from

the en¥ironment at low levels should show significant
asbestos-related disease. They do not.

Therefore, the assumptions that all levels of exposure
have the same risk through the straight 11n; dose-response
sodel is extreme and without procof. It is based upon
extrapclation and assumption.

The Occupational Safety and Health Administratien
(OSHA) used those assuzptions in the 1372 Federal regulation
for cccupaticnal exposure to a;bestés (11) and subsequent
downward revisions. In addition, they have nade the
assunption that all foerms of asbestos, nasely Chrysotile,
.Anosite. and ercidolite, and more rcccnfiy less used
commercial forms all produce asbestos-related disease
at the sane levels of exposure. More recent studies in
1588 by Dr. Churg and others (12,13) ohéw that the potency
ofxthe various fores of asbestos are different related
to the cancer producing effects. However, OSHA treats
then alike:; as does the Environmental Protection Agency

(EPA) for regulatory contrecl purposes.

2. ENVIRONMENTAL EXPOSURES: The amount of envircnmental

exposure to natural forms of asbestos in the United States




is substantial. Asbestos, mainly Chrysotile, is comzmon to
the asbient air in the environnent especially near
nountainous regions in the United States. There are 22
States wfth pajor asbestos outcroppings that contribute
substantial amounts of asbestcs to the air, water, and
the egodcd soil. Many major cities, as Seattls, Washington
may use drinking water for the population that contains
400,000 to 1,000,000 asbestos fibers per liter of water.
Because the asbestos occurring naturally is sc wide spread
on the Zast and West coast and along the border with
Canada, millions of Americans receive daily and substantial
exposures to asbestos from birth froe these natural sources.
The increased activities in cities and the concentration of
large nuzbers of the population on a daily basis causes
even further Jincreases in exposures, sone froz aanzade
products such as clutches or brakes of vehicles.

It §s not uncommon to f£ind airborne concentrations of
asbestos in such communities at levels of about .002

fibers/cc of air, rising to occasional peaks of .02 fibers/cc

or moOre.

_ The background levels of natural occurring asbestcs
in air is so prevalent that the EPA tock into account
the influence for clearance of school bulldings following
an asbestos removal (l4). It is not uncomzon to find the
azbient airborne concentrations exceeding those inside office
or school buildings. The current-EPA criteria for clearance

of a school building following an asbestos removal project




is .01 fibers/cc by transmission electron microscopy for
total fidbers. At that level the EPA considers the building
cleared: for occupancy.

Doll & Peto (185), Weill & Hughes (16), and Bughes &
Heill.(17) all have made contezporary predictions of the
risk ©f environzental exposures at these levels. Doll and
‘Peto predict one excess death from environaental exposure
in a year in the United Kingdom. Such a low level of risk
at the known environzental levels in the United Kingdonm
and the United States would account for the fact that
millionsof people so exposed do not demonstrate ssbestos-

related diseases; suggesting a lower no-effect level.

3. VOLUME OF ASBESTOS USED IN SEIPYARDS: It is important

to pake a contrast between the discussion of envircnmental
exposutei—and'the azount of asbestos used in a Naval Shipyard
. in the 1940's during the World War II years. The Pleischer-
Drinker report on Naval shipyards published in 1946 shows
that in those small industrial communities 100,000 to
200,000 pounds of asbestos products would be used each
nénth in ship construction (18). The report made no mention
of the veolunme cf asbestos that needed to be removed prior
tc overhaul or renovation. The amount of material alcne
sets the conditions for high levels of exposure to workers

handliné the asbestos under these conditions. About 90X

of the products used were azosite blankets or pads, locse

amocsite, magnesia block insulation, and asbestcs ceaents.



All of these materials were locse, sasily broken or crumbled,
and handled directly by workers. The potential for high
level exposure, especially peaks, is spparent. Few effective
control ;easureo were in place at that time largely because
the real risk froaz high level exposures over long periods of

tine were not realized because of the extreae latency pericd.

4. EXPOSURES OF THL CONSTRUCTION AND SHIPYARD TRADES:

There are several studies that attcnpfod to define the
occupational exposures to workers in the construction and
shipyard trades in the 1960's. They constitute a cross-
section of the American experience at controlling high level
occupational exposures where they were éccurring in industry.

In 1970, Mangold, Beckett, and Bessaer (3,4) published
a report on exposures to asbestos at Puget Sound Kaval
Shipvard showing that 21X of asbestos workers showed
. pulzcnary abnoraalitief. They concluded that the TLV of
& MPPC? was tooc high, that peaks were important, and that
changes of work practices were required. The publication
contains the levels of exposures recorded for the workers
activities.

In 1968, W.C. Cooper and L. Baltzer (19) published
a sizilar study of constructicn workers in the San Francisco
Bay area., About 25% of the construction workers handling
asbestos products and receiving high level exposures showed
x-ray changes of the lungs. ‘They-concluded that the TLV was

toc high and needed to be reduced. The types of products and



the levels of occupational exposure for the construction
workers was recorded.

In‘1911. Gaensler (20) published a study of exposures
and medical findings in a private shipyard on the Rast coast.
He coricluded that cxpaguros were too high and that the TLV
should be reduced. A comparison of the asbestos exposures
by jo; are contained in the report.

These three studies show that the use of large volumes
of asbestos with corresponding high levels 0f exposure were
comzmonplace amnong those required to hindlc or remove i1t. Such
substantial levels of exposure are those that account for the
asbestos-related diseases following long latency periocds. The
concentrations are sany orders of magnitude asovc background

levels, or envircnzental exposures.

$. CURRENT ALLOWAELE LEVELS b! EXPOSURE:

The Azerican Conference of Governmeantal Industrial
' Hygienists'(ACGIﬂ) adopted a Threshold Liait Value (TLV)
for asbestos in 1946 of & pillions of particles per cubic
foot of air sampled for an 8 hour time-weighted average
workday (TWA). It rezained in effect until 1969, when it was
reduced to 2 MPPCF or 12 fibers/cc. Currently, separate TLV's
are published for each type of asbestcs used coamercially:

A. Chrysotile: 2 fibers/cc, 8 hr TWA

B, Amcsite: .5 tibers/cc, 8 hr TWA

c. Crocidoliﬁe: .2 fibers/cc, & hr TWA - -

D. Other: 2 fibers/cc, 8 hr THA



The current OSHA Yederal standard for occupational
exposure - to asbestos is .2 fibers/cc for all forms of
asbestos used commercially. It makes no distinction between
the tyﬁes of asbestos. The regulation specifies the use of a
specia} technique of alr sazpling and laboratory analysis by

phase contrast microscopy at 400 X magnification (11).

The EPA now regulates school clearance following an
asbestos removal project to :0l1 fibers/cc as determined
by transnission electron microscopy, a precise method

that neasures all asbestos fibers present (l4).

It is apparent that the ACGIR recomzendations do
not agree with -the OSHA permissible exposure limit. The EPA
clearance level is aimed at public policy for schools where

asbestos is managed, or removed.

6. CONTINUING EVALUATIONS:

Pollowing control programs in the 1960‘'s and 1870's
and more recently those mandated by Pederal or State
regﬁlations, the overall cccupational exposure levels
to workers has dropped markedly. Investigatorshave now
turned to other sources of asbestos used in industry
to determine the contribution to the overall exposure, if
any. . - e - -

In the 1560‘'s the major goal was to reduce the

10



high level exposures occurring from highly friable

asbestos materials used in large volume in construction

and in agipyards. The szall volume products and those

that were encapsulated were not considered Socause ot

the small contribution to the overall exposure pattern (3,4).
And, because tests revealed that the low exissions were
obscured by the high background levels from cther highly.
friable products (3,4,19,20). Most of the data in the earlier
reports evaluate processes which include the influence of all
sources of asbestos that may be present. It is difficult to
gifferentiate the contributions of the various types of
asbestos products which were being used at the same time, or

in near proximity to each other.

2. U.S. NAVY GASKET REPORT:

In 1978, the U.S5. Departzent of the Navy (21), as part
of a continuing evaluation progranm, set about evaluating
the asbestcs exposures to workers froz the storage, handling,
and processing gaskets of all kinds in ﬁ;val shipyards.
The. evaluation is important because there are only a few
such publicaticns that identify and estimate the occupaticnal
exposure to gasket materials in shipyards. the report
concludes that even the simplest of general housekeeping
controls or work practices are sufficient to maintain
occupational expoiurks at ncé;ptagie level;. In tacg,

gost of the axposures were found to be less than .1 fider/cc
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for an 8 hour TWA, a level st which medical examinations are
not required according to the current Pederal standard for
asbestos.

Tbo.197a U.S. Navy report did achieve the intended
purpese to determine the exposure to guny and all asbestos
in thc_bre;thing zone ©f workers but does not determine

the actual contribuation from the gaskets alone. The breathing

zone air sazples were collected for various foras of gasket
processing in soae work areas under uncontrélled conditions
and in the presence of contamination from other asbestos
products. The results are actually the contribution fron
the gaskets, background levels, and contamination from
other asbestos products. They do not reflect the actual
contribution from the gaskets. Because the airborne
concentrations were extremely low, often .0l fibers/cc or
less, the potential for contazination is certain and
cause a major contribution to the reported values for
gasket processing.

Many of the reperted values reflect the actual
exposure tize; not an 8 hour time-weighted average. The
8 hogr TWA measurezent or calculation is necessary to
be able to compare the valuszs to the current PFederal
standard. Short term peak exposures measured in this
way will nearly always be greater than the 8 hr TWA,
often by several orders of magnitude.

While the 1978 U.S. Navy Feport achieved the

intent there are several objections in the use of the

12



data to reflect the actual contribution from gaskets
alone. They are;

A. Short terz peak exposures are reported that
cannot be directly cozpared to the 8 hour TWA of
the rcéeral standards.

B, No attexmpt was made to control or facter
the contributions of contamination from the results.
The contamination levels may even have exceeded the
actual contribution froz the gaskets procc:i‘d.

€. The data was intended to deterzine the overall
peak exposures froz unit operations that included

all asbestos contributions.

The small contributions from gaskets are confounded
or obscured by high packground contanination levels where
the gaskets were processed, contaminated clothing, and

atmospheric pollution.

8. V!Ri?ICATION OF THE 1978 U.S. KAVY STUDY:

Because Of the objections offered above, the U.S. Navy
report could not be used with accuracy to reflect the actual
contribution of gaskets alone. In 1982, the Garlock, Inc.
cozrmissioned C.A. Mangold (22) to repeat the U.S. Navy
investigation on gaskets as nearly as possible and to
take intc account the effects of contamination in order
to make estimates of the actual contribution of gaskets

to the occupaticnal exposure of a worker handling or

13



processing thez. In addition, the data was to reflect
the 8 hour time-weighted average work day for direct
conparison to the existing Federal standards for asbestos.

Sanéles ¢f the ambient air were collected in various
cities to show the apparent level of natural and mansade
asbestos fiber pollution. The effects of contaminated
clothinﬁ that a worker may wear were evaluated to deterzine
the contributions. All sources of contribution were
considered to control or factor those backgfound levels that
were not part of the contributions from the processing of the
gaskets.

After the background levels were measured or-controlled,
the data showed that hardpressed or encapsulated Garlock,
Inc. gasket products released insignificant levels into
the .breathing zone of workers processing gaskets in the
same panner as conducted in Naval shipyards. The actual
contribution for the processing of gaskets averaged
.02 fibers/cc for an 8 hour THA when the effects of
contarination from other sources or asbestos products
were controlled. The peak background 10#61: of azbient
air-in industrial areas, or in cities on warm summer
days may reach these levels.

This verification of the U.S. Navy report revealed
that when the contazination was factored or controlled
the values for the actual contribution from gaskets
were about 50X of those reported By the U.S. Navy. The

study conducted by Mangold (23) more appropriately
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reflects the actual contribution froz handling or
processing encapsulated gasket for an 8 hour time-weighted
average work day. The cverall average of .02 fibers/cc

is l/lofh of the current Iederal'.tandard for occupational

exposure to asbestos fibers in air.

9. TH; DILEMMA:

The verification of the 1978 U.S. Navy report shows
that ﬁardpressed or encapsulated gaskets actually contribute
negligible amounts of asbestos when handled or processed
as in industry or in shipyard. Negligible exposures present
a8 negligible risk. rhé risk s in the saze magnitude as

some environmental exposures to the population at large.

However, additional measurements under highly controlled
conditions are needed because;

A. Some workmen describe specific methods of handling,
processing or reioving gaskets from machinery or piping that
were not evaluated in the 1978 U.S5. Kavy repert or the
subsequent verificaticn. Some are not standard operating
practices expected of workmen experienced in the handling,
proéesaing or removal of encapsulated gaskets froa sachinery
or piping.

B. The 1978 U.S. NRavy report and the 1982 verificaticen
contains the effects of levels of contamination that are in
the same range as_ the expected actual contribution of~

airborne asbestos fibers from the gasket alone. Tharefore,
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the results will be skewed upward by that contamination
contribution. Better definition is needed where the effects
of other.gsbestos products do not interfere with the tests.

C. Anbient concentrations of chrysotile asbestos fibers
that oécur naturally froa scil and water, and from mangpade
products add soxe contribution to the measurements of the
exission from gaskets. The contributions can be substantial
and in the same range as the expected actual emission from
the gaskets being handled, processed or rt.aGod.

D. New analytical mzethods that were not available or
practical for the U.S. Navy report in 1978 or the
verification in 1982, are now readily available and within
economic practically. These methods can provide a more
precise examination of the actual rclea:elct fiders frox
encapsulated gaskets.

E. The new analytical methods have a puch lower limit
.ot detection that those used in the 1978 and 1982 reports.
The pethods now avallable can not only deteraine the total
nunber of fibers present, but deterzine the types of fibers
they are. This is valuable because the cﬁrysatilc asbestos
is used in encapsulated gaskets.

?. The new analytical methods can make a direct
conparison to the older Phase Contrast Microscopy (PCM)
method specified in the Federal standard through the use of
Scanning Transzission Xlectron Microscopy (STEM). It can
verify the PCM method which is easily influenced by other

non-asbestos fibers, if they are present.
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G. A better definition of by-stander exposure was
needed, that is, the levels of exposure of a worker 5 or 10
feet away fron ancther worker making, installing, or removing

encapsﬁlated gaskets.

10, EXPERIMENTAL DESIGN:

Although the 1978 U.S. Navy report and the 1982
verification show that only negligible amounts of asbestos
fibers are released from the handling or processing of
gaskets, additicnal measurezents are needed to utilize
the new analytical methods, to better control the effects
of ambient or manmade contamination, and to deteraine
the actual contributions from the gaskets handled in the

ways described by some workmen. And, the by-stander exposures

from those selected processes.

A clean room condition was needed for the testing
in order to accurately measure the low 1§V01 release af
chrysotile asbestos fibers from the encapsulated gasket
paterials processed or resoved froam flanges. Since the
enissﬁcns were expected to be near the lizit of detection of’
phase contrast microscopy methods used, special precautions

were taken to control potential contamination.

A new petal building was leased in Kent, Washington
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where electron microscopy sazples showed that the apount of
natural azbient asbestos was .002 fibers/cc or less for all
sizes of.fibers. The nsw building was selected tc ensure that
accusulation of dust, or previous asbestos insulation
contanination was not preseant.

Inside the building, an enclosure of polyethylene
plastic was constructed that measured 20 feet by 20 feet
and 10 feet high, or 4000 cubic feet. This represents i
szall compartment or room where such work -iy be done in
industry or abocard ship and that aay be cccupied by a by-
stander. The ceiling and floocr was covered with polyethylene
plastic and all the edges were sealed. The only entry was a
specially designed flap door that would remain sealed during
testing.

A clean work bench was placed in the center of the
enclosure. The gaskets were processed on the bench according
.tc the descriptions given by some workmen.

Sanmple locations were assenbled on the points of the
conpass at head height inside the rocz. The sazple stations
were located 5 and 10 feet away from the work bench in the
center of the room. The sazple cassettes for analysis by
phase contrast microscepy and scanning electron aicroscopy
were placed at the sample stations. Air was drawn through the
special filters in the cassettes by electrically operated
high volume air sanplers. The volumes ©f air were measured by
recording the flow rates with a class A rotometer and

recording the amount of time the sazples were collected. Nine
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PCM and 8 STEM samples were collected for each test. One PCM
was worn by the operator at the work bench to record the
breathing zone exposure. The other sample stations provided a
preponderance of data and sinmulated by-stander exposures at §
and 10 feet away froz the gasket brocossing.

Saxples of gasket material containing chrysotile
asbestos were obtained from the manufacturer for processing. -
And, piping and valves were obtained tron'l_u.s. Ia§11
vessel, the USN Gypsy (ARSD-1) which was scrapped in
Portland, Oregeon. She was buillt in 1944, served in the
Pacific Theatre during World War II, and was decomzissicned
in the 19%0's. .

Some of the flanges had never been opened since the vessel
was built. All of the residual asbestos insulation on the
outside of the piping was removed to prevent contamination
when the gaskets were removed from the flanges.

Plastic impregnated protective clothing (TYVEC) was
‘ worn by the operator to control the potential release of
non-asbestos fibers from street clothingt and dust from
shoes.

. The tests were conducted ovér an 8 hour time-weighted
work day. This is necessary to develop data that can be
directly compared to the Pederal standard for occupational
exposure to asbestos. It is inappropriate to attempt to

compare peak exposures to the Federal standard.

Pollowing the tests, the.sanple cassettes were resoved

and delivered to ESSTEK, a highly qualified asbestcs

18



analytical laborateory capable of conducting phase contrast
picroscopy (PCM) according to Appendix A, ef the Pederal
asbestog standard, and transmission electron microscopy
(TEM). Special arrangenents were made to directly compare
the results by PCM with that obtained by TEM. The PCM
nnalggis is subject to influence by non-asbestos fibers
that may be present. But, the TEM method is highly specific,
deternines all asbestos fibers present, identifies the

type of fiber present, and has a very low illit of detection
about .002 structures/cc (approximately equal to fibers/cc).
Arrangement were made to have at least 75X of the PCM samples
blind counted. This means at least two Qqualified asbestos
counters would make a determination without knowing the
result of the other. The results are then conpared. This
pinizizes the potential for counting errors.

The FCM and the TEM samples collected at each sazple
location at the sane tize and filtering about the same volunme
of alir, were ccﬁparod as duplicates. This provides two
separate deterninations with highly specific methods at the
saze location and gives a high degree of confidence that each
detgrnin&ticn is comparative,

The results and conclusions for the tests conducted

are found in paragraphs 12 and 13.
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RESULTS AND CONCLUSIONS:

Workmen required to open flanges of pipe and machinery
containing asbestos gasket materials must first determine
how to move the piping, then unbolt the flanges, separate
the flange faces, then remove the gasket. The flange faces
are then cleaned and a new pre-cut gasket or one prepared
at that location is inserted and the process reversed.

Normally gaskets are not removed from flanges or
machinery unless there is a reason such as overhaul, leaking
piping or surfaces, or removal of machinery.

When the gaskets are removed many are released from the
flange faces intact, while others may leave some residual
of the encapsulated gasket otugk to the edges. The residual
is removed with a sharp instrument and a new gasket inserted.

This evaluation involved the operiing of flanges taken
from a U.S. Navy vessel, the UsSN Gypsy (ARSD-1) which was
built in 1944, saw service in the Pacific Theatre in Worid
War II and was decommissioned in the 1850's. Soze of the
gaskets in the piping flanges removed for examination may
have been in place up to 40 years. -

The bolts were removed from the flanges of various sizes
and a sharp instrument used to separate the flange faces.

At least 8 flanges were opened during the 8 hour sampling
period to determine the 8 hour time weighted average of a
workman opening piping during a work day.

Not all of the gaskets removed from the flanges bore

the Garlock logo, but all were similar in texture and
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contained chrysotile asbestos.

The conduct of opening flanges containing asbestos
gaskets- inside a clean room with a low background and low
apbient levels in the air allows a realistic measurement
ot th; exposure pattern of the operator and any by-stander
near the operator. The 8 sampling stations situated around
the room provided sufficient data to establish those ranges
of by-stander exposure. '

The attached data sheets show that:

1. The electron microscopy methods for total chrysotile
fibers in sanples collected at each of 8 sample stations
averaged .002 structures/cc. The structures/cc are ‘
approximately equal to fibers/cc. This method determined all
of the chrysotile present regardless of fiber size. There is
no total asbestos fiber standard. ‘

2. The electron microscopy analyses of the samples for
fibers greater than 5 micrometers in length and .25
micrometers in diameter is a method of comparison to the
phase contrast microscopy method specified in the Federal
standard. In this way the phase contrast results can be
verified. The results show that no fibers of chrysotile
were found greater than 5 micrometers in length above the
lower level of detection of .002 structures/cc.

3. The phase contrast microscopy results for the 8
sanple séations ave{aged .001~f1b€;s/cc or slightly greater,
but not greater than .002 tigers/cc. This would represent

the exposure pattern of a by-stander in the room with the
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operator. The exposure pattern of the operator opening
flanges and removing the asbestos gaskets was .005 fibers/cc,
>5 um in length. The difference between these results and

the electron microscopy results is likely due to some other
non-asbestos fibers that must be countid according to the
analytical rules. However, the values are quite low and

are essentially in the same range.

All of the results represent an 8 houé tize-~weighted
average for direct comparison to the Pederal standard of
.2 fibers/cc, 5 um in length.

The exposure pattern is a fraction ¢f the Pederal
standard as expected. The hard pressed, encapsulated gaskets
releases insignificant amounts of chrysotile asbestos during
the opening and removing of gaskets from flange faces.

The precise electron microscopy methods verified and
corroborated that exposures are‘negligible in terms of the

current Federal standard of .2 fibers/cc, >5um in length.
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ST ¢V
®*Opening Planges®

TRANSMISSION ELECTRON MICROSCOPY
AIR SANPLE ANALYSIS RESUL?TS

CLIENT: Carl A. Mangold, CIH REPORT §: 812057
PROJECT: Garlock Research PAGE: 3 of 13
CONCENTRATION CHRYSOTILE CONCENTRATION

CLIENT Ess- ALL 812EkS8 STRUCTURE 812k LENGTH »5.0
SAMPLE TEX CHRYSOTILE COUNTED LENGTH >5.0 um DIAMETER »,.25
b 4] D STRUCTURES (8/¢c¢) DIAMETER >.25 unm 8/¢ce
T5N-33 812087 NSD BLD W NSD 0,000
TSE-34 812058 NSD BLD NSD 0.000
T58-35 812059 NSD ALD NSD 0.000
TSW-36 812060 1l 0.002 NSD 0.000
TION-37 812061 2 0.004 1 0.002-
T10E-38 812062 NSD BLD . NSD 0.000
T105-39 812063 NED BLD NED 0.000
TI0W-40 812064 NSD BLD NED 0.000
LAE BLANK NSD S—— —

- -

Y= 1062 X e 000

Analytical Sensitivity = 0.002 S/cc

NSD - No Structures Detected

BLD - Belov Level of Detection

§/¢cc - Structuzes per cc = fibers per c¢

BLD ASSUmED = ,0023/cc



AIR SAMFLE ANALYSIS RERCRT

CLTENT: Carl A, Mangold, C.I.H, REFORT #1 50~128140
PROJECT: Garlock Regearch - Set V PAGE 2¢f 2

SAMPLE LOCATIONS (contimied) s

Sxrple #128144 was taken north 10£t at sasple statiom,

Sxrple #128145 was taken east 10ft at sxple station.

Szple #128146 was taken scuth 10ft at sarple statioem,

Sxple #128147 was taken west 10ft at saple statiom,

Sample #128148 was a perscnal sxple in breathing zome of coperator,

Sxple #128149 was submitted as a blank,

The sarples analyzed in this repart were provided by third parties not subject to coptrol
by Envircemental Safecy Systans, Inc. (ESS) or its affiliates, Consaquently, the results
presented represent microscopic examinations in ESS laboratory facilities and ESS mmkes ro
represemtation as to sample collection tachniques or procedures.

Aralysis was performed using phase ccotrast microscecpy uder the guidslines of NIOSH
method #7400-A,

* A minimm of ten fibers per 100 fields is needed for reliable quantificaticn, Sarples
with less than 10 fibers per 100 fields are reported as le.ss than (<) the quantification

limit.

= Aamunts of non-fibitus material are determined using charts for estimating capositim
from the Journal of Sedimentary Petrology (v. 25, pp. 229-234, 1955), Acounts reported
reflect non-fibrous material density o sample filter enly,

Legerd: T = Trace (less than 1), VL = Very low (2-5%), L = Low (5-15%),
M = Mcderata (15-25%), K = High (25~40%), VH = Very High (greater than 40%),

Microsecpe Field Area = 0,00785 oo . Analyst (s) - MAL

2
Reviewed Dy 2‘%

Bxposed Filter Area = 385,0 o




E SS Environmental Safety Systems, Inc.

Cateway Corporate Park, Bidg. §
12822 Gateway Drive

Seattie, Washington 98168

(206) 243-6573

AIR SAMFLE ANALYSIS REFCRT

CLIENT: Carl A. Mangold, C.I.H.
3033 170th Place SE
Bellevue, WA 98008

REFCRT #: 50-128140
FEFORT DATE:  12-09-88

PAGE 10f2

PROTECT: Garlock Research = Set V DATE RECEIVED: 12-02-88

. Opening Flanges O #: Nere Given
CLIENT SAMPLE SAMPLE  FIBER FIEID ELANK O FIEERS  BRGRD
SNFLE D BSSID  DATE VL (L) COONT COONT /100 PLDS PER CC* JAT e
PSN-33 128140 12-01-88 5760  36.5 100 3.50 0,003 vH
PSE-3¢ - 128141 12-01-88 5760  19.5 100 3.50 0,001 VH
PSS-35 128142 12-01-88 5760 225 100 3.50 0,002 VK
PSw-36 12843 12-01-88 5520  14.0 100 3.50 0,001 VH
PLON-37 128144 12-01-88 5760  B.5 100 3.50 ¢ 0.001 VH
P10E-38 128145 12-01-88 5760  10.5 100 3.50 < 0,001 VK
P10S-33 128146 12-01-88 5520 16,0 200  3.50 0,001 VK
PIW-40 . 128147 12-01-B8 5760 15,5 100 3.50  0.001 WH
Pe-s(perswal) 12848 1230188 1080 6.0 00 3.50 E H
P-ELX-5 128145 12-01-88 0 3.5 100 WA RAK
SAMPLE LOCATIONS ; -
Sarple #128140 was taken north Sft at satple staticn. X & 0014

Sample #128141 was takenm east 5ft-at sample stationm, -
Sxple #128142 was taken scuth 5£ft at gample staticn.
Sample #128143 was taken west Sft at gample statiocn.

Butk Sampling o Air Monitoring ® Analysis

Asbestos Abatement Equipment & Supplies




