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The Asbestos Exposure of Insulation Workmen

Extensive information has been de-
veloped on the mortality experience of
insulation workers. It would, thus, be
of considerable value to have quantita-
tive information on the asbestos dust
levcls to which these workers were ex-
posed. Because of the long.lapse period
between exposure and clinical appear-
ance of disease, the dust estimates of

greatest concern are those of 20, 30, 40

or more years ago.

While historical data are scant and
fragmentary, insulation work practices
have changed relatively little, prior to
1970, either in the U.S. or abroad.
Thus, measurements taken prior to
- 1970 will also provide data of use in

o

: @éscssing earlier exposure.

i,
~winited States Data

The only early work of note is the
1945 study of Fleischer and his col-
leagues! ‘who reported asbestos dust
levels during insulation application in
four U.S. shipyards. In this study, dust

. levels were assessed using a konimeter

ASBESTOS STANDARD TO BE REVIEWED

On December 7, 1971 an” Asbestos Standard was promulgated that
prohibited workmen's eight-hour average asbestos exposures to exceed 5
fibers per milliliter (f/ml) of air. A milliliter is about a thimbletul of air and
only fibers longer than five microns (about 1/25.000 of an inch) are 1o be
counted. This level is mandated to go to 2 f/ml during June, 1976.

Last year, the U.S. Court of Appeals ordered portions of the current
U.S. standard to be reviewed by the Department of Labor. Of interest to
insulators, the court specifically stated-that in those industries where a dust
level of 2 f/ml was feasible, it should be implemented before 1976. - .

Because of this pending review of the standard, a summary of all
research on the asbestos exposure of insulation workers has been prepared
for submission to the Dept. of Labor by the Insulation Industry Hygiene
Research Program. Because of the importance of achieving a safe U.S.
Asbestos Standard and the interest of asbestos workers in thls goal, we are
publishing the full report in this issue. . - I

dust levels and fiber levels were re-
- corded. This study gains importance in
that one of the yards studied by
Fleischer was resurveyed during 1965
- ‘and 1966 by personnel of the Depart-
ment of Industrial Hygiene, Harvard
School of Public Health®?® and a com-
parison of levels is possible. _.

‘at the Long Beach Naval Shipyard

(Local 20, IAHFIAW). However, de-

tailed numerical data on dust concentra-

tions are only given for particles. If

fibers were present. but the count're-

vealed less than | million particles pet i+

cubic foot (mppet), they were reported © *

only as a trace. Thus, no average fiber. - . =/ -3
NI

(an instrument widely used at the time During 1964, additional data were  concentrations can be derived from this*
“but nolongeremploved), and both total  published by Marr on exposure levels  study, (Continteed on page2). <. Yw -
o TABLE 1
Shipyard asbestos fiber concentrations by Konimeter count—1945, 1965-66
A . B Ca%s) . C(1965-66) .. D .
e ... .fibereconc, .. . _. . GObersconc.... . . [iber conc. - fiber cone. .. ... . .fiber cone. | -
Yard MPPCF  f/ml ~ . MPPCF fiml MPPCF /i MPPCF _ f/ml MPPCF . fimf
* Shop Activity .
No. of mien exposed (1945) 84 50 51 — . 8 -
Layout and cutting 10,35 12.4 0.23 8.1 2.2 78 1.76 62 -. 0.63 22..
Sewing and fabrication 003 1.1 0.l 3.5 - 0.62 22 0.27 9.5 0.03 1.1
General room air 0.08 238 0.01 0.4 0.8 28 . 03 - 10.6 0.02 0.7
The following shop activities were done at infrequent intervals and involved only one or, at most, two men: '
Band saw cutting 0.12 4.2 3.0 - 106 - 6.19 2138 0.7 - 247 _— - .
Mixing cement 0.2 10 1.7 60 3.1 109 0.23 8.1 -0.01 04 =
Scrap grinding 0.47 16.6 — —_— — —_— — —_ — —_—
. Aboard Ship o
0. of men exposed (1945) 467 700 123 —_— 160
Avg. exposure, all activities 0.02 - 07 2.8 98 I1 39 0.17 6.0 0.03 - 1.1
Time-Weighted Average Exposure ! - 90 35 ' 1.1
{All fibers visible)
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) 9454 Results Availuble

Tablc 1 lists the fiber exposure data
obtained from over 200 dust counts by
Fleischer in 1945 and alvo those ob-
tained by Murphy? during 1965 and
1966. Using data supplied on. the
number of individuals engaged in the
various work activities, a time-
weighted (actually man-weighted) av-
erage asbestos exposure is calculated.

A detailed analysis of the results,

however, presents difficultics. In each -

yard, a worker's average exposure was
dominated by insulation activitics
aboard ship. For such activities, the
average asbestos dust levels reported in
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_perhaps  as short as

Johns- .

PURPOSES OF THE -
INSULATION
"INDUSTRY HYGIENE
-RESEARCH PROGRAM

1. Todevelop improved methods
for minimizing exposure of insu-
lation workers to dusts and fumes
encountered in their work.

2. To disseminate knowledge of
these improved methods of dust
control wherever they may be
applied advantageously and to
offer coopecration, advice and
assistance toward their universal
adoption,

the different shipyards varied by nearly '

onc hundred times.
It should be recognized that these

“fiber counts represent all fibers enu-

merated in the ficld of view of a koni-
mcter. These would include fibers
1.5 microns.
Supplementary data® on the size dis-

tribution of amosite acrosols in ship-

yards suggest that this overestimates
the number of fibers longer than five
microns by a factor of two.

Taking this factor into account, the- -

average of the eight-hour concentra-
tions of fibers longer than five microns

-in the four U.S. shipyards studied by °

Fleischer in 1945 would be from 15 to
20 fibers per milliliter (f/ml). It must be
emphasized, however, that such aver-
ages are.highly subjective and depend

strongly upon the vagaries of the par- -

ticular work practices selected for sam-
pling and conditions present at that
time.

Similar considerations would yleld a
value of 4 f/ml for the shipyard survey
by Murphy in 1965-66.

New Techniques Used

The first research that quantified as--.
using -

bestos - insulation - exposures
membrane filter techniques was that of
Balzer and Cooper published in 19686
and extended in a report at the Dresden
Conference on the Biological Effects
of Asbestos in'1969.7

Their initial publication, however,

‘enumerated fiber concentrations in

marine and commercial insulation
work in terms of all visible tibers, in-
cluding those shorter than five microns.
The later subsequent publication also
provided data on fibzr concentrations
longer than five microns. Table 2
summarizes these results.

Using the information provided on

svealed . asbestos.

Average Exposures Low

dust concentrations and the percentage

of time a worker is engaged in a particu-

lar pructice, atime-weighted average of
2.7 ffml was obtained for exposures -

during asbestos insulation work in light

marine construction and repair,

. and heavy construction, and.6.6 t/mlin . '

Cooper and Balzer noted that at the -
time of their study, approximately 55% .7
of the work time of insulation workers -+ - -

Thus, cight-hour

. was spent using materials other. than -

. asbestos. time-_

weighted average exposures for asbes-- - -

tos workers during 1968 in the western
United States would have averaged less

than 1.5 #/ml in light and heavy con-. " d

struction. Moreover, it is noteworthy
that Cooper and Balzer state their sam-
ples were ‘‘deliberately taken under
conditions where the highest dust con-
centrations representative of a particu-

. lar job were being developed."’

. Union Cooperation Obtained

The environmental evaluation of in-
sulation work that was undertaken by
the Mount Sinai School of Medicine
under the auspices of the Insulation In-

- dustry Hygiene Research Program? re-
air. concentrations.
somewhat higher than those measured .-
- by Balzer and Cooper. Again using in- .

" formation supplied by union members’

and from observation of work prac-

tices, estimates were made of the per- .

centage of time workmen were engaged

in various activities in commercml and_

industrial construction.

The information on measured asbes-
tos air concentrations obtained during -
these work activities is shown in Table -

3. They weré used as indicated to arrive

at the estimated time-weighted average . -

exposure of about 6 f/ml for insulators
when working with asbestos,

On theaverage, in the castern United

TABLE 11

Asbestos fiber concentrations by membrane filter techniques

Light and Ileavy.

Marine Construction

Industrial and Repair
Flbers/ce Fibers/ee
: Percentage " mean N ' mean
Job of work with All Length Al Length
Classiflcation asbestos Lengihs > Su Lengths > Su
Pretabrication 10% 10.1 6.6 30.4 20.0 -
Application 40% 12.4 8.0 24.8 16.8
Mixing 5% 24 1.6 106 7.1
Finishing 30% 2.7 1.8 1.8 1.2
Tearing Out 10% 12.8 8.4 31.5 20.2
General 5% 0.8 S 2 0.1
Tinuw-Waivhted Averanes Fenotors 41 2% 0.Q A A
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T e,

"

removal of sprayzof 132 il during thie
removal of pipe insulation: and of 8.9
f/ml during the application ol pipe lag-
ging.

As with the Mount Sinat research
and the Balzer-Cooper study. shorte
term dust concentrations during spe-
cific insulation practices. can be ex-
tremely high, while samples tuken over

. long periods of time vield concentra-
. tions that are relatively low whencom-

pared with current and past asbestos
standards.

Summan'

Studies on asbestos cencentrations
from 1965 through 1971 by five differ-
ent research groups én two countries are
summarized in Table 3. along with es-
timates made of earlier insulation as-

“Adcquacy of Standard Questioned

" ious circumstances indicated a mwean’
- concentration, of 226 fiml Juring the

bestos exposures, They indicate that
recent average exposures of insulation
warkers to ashestos are from 3o 9 {7l
when working with asbestos,

As asbestos workers in the United
States inthe period these measurenients
were tahen used asbestos materials in
their work less than S04 of the time,
their cight-hour average exposure to
asbestos wus less than 3 t/ml. It is.
noteworthy that  these  exposures
existed prior to the implementation of

the current 5 f/ml standards in the U.S. -

As extensive substitution of non-
asbestos materials has  subsequently
taken place in insulation work, current

exposures are now considerably lower. -

The estimate of from 10 to 15 {/mi
obtained for past exposures in non-
marine insulaticns work does not offer
much confidence that 5 f/ml, or cven 2
f/ml, is sufficient to proteet asbestos

e

workmen, Forty percent of insulatary’ =~

déaths. can he atinbuted s théir past

occupational ¢Xposure to ashestos at
such levels: A standard set at two, or

even five times lower, is unlibely to

otfer signilicant pratection to ashestos
workmen.

Ashestos Waorkers llz;\'c’ High

Peak but Low Average Ashcslm .

Ex posures

The hl"h peak exposuresof J\bu-
tos workers measured by -different
groups can be deceptive. These
‘often are of short term and may in-

volve few mien. Average exposures- |+

have universally been found 1o he
low, usually less than current stand-
ards. This result leads to two con-
clusions: 1) Cument standards may
be inadequate to proicct workers,
and 2) Eusily sccomplished control
of peak cxposures can significantly
reduce the long-term average €xpo-
sures.

TABLE 1V

Asbestos dust concentrations during the fabrication, application and

General Atmosphere

removal of insulation materials

Breathing Zone

" Summary of averape asbestos air
conccmrauons during insulation

work
Aversge
. Niwr Comuntretivn
Light ond deasy  Marine
Rewprch Creup Convirmibun Werk
Mount Sinai -

(ILHRP) 6.3
Balzer-Conper 2.7 6.6
Murphy, Hurvard 8.0*
Burgess-Lynch 2.9
Harries 8.8

Estimates of eurly exposures
Fleiwher 15-20
Mount Sinai 10-15

These coment atiine were thine nwarured of estimated
fwr wuwkers while using ashestin §oght et sverage
CAPIBURC Y, KvsRefung e U o sihef fhalcnials, wolkd
B¢ 8s binie & hall the alane saues

* Fibwer <ount inciuwdes a§l vivible hibers

1. Fleischer, W, E., Viles, F.J.Jr.. Gide, R. L. and
Drinker, P.: A- Health Survey of Pipe Covering
Operations in Constructing Naval Vessels. Journal of
Industrial Hygiene and Toxwcology 28, 9-16 (1946).

2. Murphy, R. L. H., Jr., Femis, B. G., Jr.,
Burgess, W. A. etal.: Effects of Low Concentrations of
Asbestos: Chnical, Environmental, Radiologic and
Epidemiologic Observations 1n Shipyard Pipe Coverers
and Conrrols. New England Juumal of Medicine 285,
1271-1278 (197 1). .

3. Mucphy, R. L. 1L, Jr.: Asbestosis in Pipe Cove
crers Engaged in New Ship Constraction. Thews, Hars
vard School of Publie Health, (1968).

4. Marr, W. T.: Asbestos Expisure Duning Naval
Vessel Overhaul. Amenican Inndusirisl Hy pene Assxr-
ation Joutaal 18, 204 208 (19640,

5. Nichobhon, W, )., Holalay, 1. AL amd Heimann,
.2 Direvt and Imbirect Ovcupananal Exposure o lnsuae
Lation Dusts in Unmted States Shipyardy. Proceeding of
e Internanonat Svimponium on Satety and Health in
Shupbustdung and Ship Reparning, Felsinke, W) August
0 2 Septeber, 1971 IO Oveupanonal Salvty and

No.of . Mean No. of Mean B
Location samples fibers/cm?® Range samples fibers/cm?® Range’
Application of pipe and machinery . v .
insulation: , _ . . o _
Boiler rooms 17 224  1-61 14 - 168  0.1-68
Engine rooms 28 2.1 0.1-14 16 7.3 0.04-40
Accumulator room 5 - 16,5 . 2.5-46 17 5 9.6 1 47
Mattress fabrication: _ Co e
" Old shop ) 12 12.7 0-126 15 - 15 - 07
- New shop 1n 16.3 - 2-83 25- - . 371 0-17
Removal of pipe and machinery s
" insulation: _ . . . L
Boiler room 153 171 0.04-1062 20 97 25-220
Engine room 45 88 0.16-3021 235 9 2-490
Brick stowage space 13257 9-592 -— _ -
- Removal of asbestos acoustic panels: 6, 413.5 . 30-684 -6 . 131 - 48-271
) "TABLEV . ~ REFERENCES. - . Health Serics No. 27, 27-47, Geneva (1972).

6.- Balzer, J. L. und Couper, W. C.: The Woik Erivie’ -

. ronment of Insulating Workers. Amencan Industnal
 Hygiene Assiciation Juurnal 29, 223.237 (1968),

7. Cooper, W. C. and Balzer, J. L.: Evaluanon and

control of asbestos exposures in the insulating trade, -

Iniernativnal Konterenz uber die biologischen Wie-
kungen des Asbestos, Dresden, 22.23 Apnil, 1908,
Deutsches Zentrahinsutute fur Arbeitsmedizin, pp 151-
1o, Huolsicin and Anspach, eds., Berlin.

8, Cooper. W. C. Ashestos in the Manutaciure ol'

Inulaton Materials Biologwal Etfects of Asbestos,
- TARC Lyon, France, pp 175-178,

9. Femis, B, G. 1., Ranadive, M. V., Peters, J. M,
et al: Prevalence of Chromie Respiratory Disease—
Asbestonis 1n Ship Repair Workers. Archives of Ene
vironmenial Health 24, 220225 (19711,

10, Harnes, P. G.: Asbestos Dust Concentranons 1o
Ship Repaning: A Praciwal Approach 1o Iinproving

Asbestos Hy gienein Naval: Dachyards, Annals ot (k»

cupational Fhgicne 74, 241:283 (1971

L darnes, PG A Comparnenal. M.h\.md hhre
Cuncentrations of Asbestus Dustin Shipyard Insubation
Provesses; Annshy ot Oceupatinal Hygiene 14, 204
RAUTL IS
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7 HHRP Results Reported

States during the 1960°s, over half of

the work activities of these men were

with materials  other than asbestos,
Thus, the over cight-hour time-
weighted average asbestos exposure
was approximately 3 t/ml.

In the rescarch that led to these data,

it was reported that "peak exposures

could be extremely high, It was not
uncommon, for examplé, for two to
five-minute concentrations of ashestos
to rangce between 50 f/mi and 100 t/in}
during the mixing of cement. This mix-
ing, however, would consume only a
few minutes time and be done perhaps
once an hour. Thus, exposures meas-

ured over that hour, including the mix-

ing, would seldom average over5 f/ml.’

Peak High, Average Low -

Similar expericnces were subse-
quently reported by Cooper® at Lyon
who stated that, **Peak concentrations
may be high for brief periods, while
time-weighted averages are often de-
ceptively low.”

In a continuation of the work of the
Department of Industrial Hygiene of
Harvard University in assessing asbes-
tos exposure in Naval Shipyards, Ferris
et al® reported on the resuits obtained
by J. Lynch and W. Burgess from 81

shipyard ashestos air samples taken
during 1969, Using fiber counting
technigues they determiined a mein as-
bestos concentratien of 0.3 (/ml in land
tubrication shops and 2.9 t/mi in ship-
board installation work.

3 fiml E.\'pn.mrc

Three rescarch programs in the
United States point to the conclusion
that the time-weighted average expo-
surc of insulators between 1965 and
1969 was less than 3 fibers longer thun
Jive microns per milliliter.

We have directinformation on asbes-
tos fiber concentrations, measured

" using the currently prescribed analysis

procedures, during recent ycars only.

" Insulation materials have changed from

earlier years. Fibrous gless has found
extensive use while work with cork is
scldom seen today. Moreover, changes
in the asbestos composition of insula-
tion products have taken place. Pipe
covering and insulation block m.iy have
had twice the asbestos content in past
years as exists today.

During this period, however, work
practices were virtually identical to
those of past years and during the
period of those measurements, few
controls of significance were in use.

TABLE 11

Asbestos concentrations during various work practices

Insulators St Exposed to
Asbestos

While much of new insulation
material — contains nd asbestos,
pipe-coverers may still be exposed
1o high asbestos concentrations dur-
ing removal and demolition. In such
work, sale procedures and personal
protective cquipment must be used.
Thus, obtaining an cffective and
safe Asbestos Standard remiins of
paramount impodance.

Thus, dust concentrations mcasured

under these conditions have relevance .

for the estimate of levels of past years.
Considering the possible doubling of
asbestos content of insulation materials

- and considering that workers may have

used asbestos materials more often in
the past than now, the data from these
three studies would suggest that the

upper limit on insulator's cxposures in’

the United States during past years
would be about 10 f/ml."

Brirish Data

At the Devonport Naval Dockyard
in Plymouth, England, extensive mea-
surements of asbestos dust concentra-
tions during the application. and re-
moval of insulation aboard ship have

been reported by Harries.!® These are
listed in Table 4. During the applica- -

tion of insulation material. fiber con-
céntrations from 2.1 to 22.4 f/ml were
found, not unlike those found in U.S.
studies.

Measured Fiber Percentage of

However, during the removal of pipe

and machinery insulation, mean dust

Concentration Time Practice
(f/ml) Occurs When Column One
{greater thaa Asbestos is times
Type of Work § microns) Used: Column Two
Mixing and Applying Cement and
Cloth Covering to Insulation
Matedal .| : ..
Good Ventilation 2.5 . 17.5 44
Poor Ventilation 4.6 - 17.5 81
Cutting and Applyving Insulation
Block or Sections of Pxpc ’
Covering
Good Ventilation 5.2 20 ‘104
Poor Ventilation: 11.5 20 230
Pre-Fabrication work jincluding ‘
Cumng Malcn.:ls for l.m,r use 7.6 10 76
. ‘ 535
Time-weighted averaget= 535/85 = 6.3 f/ml '

The above practices, which \uupv B53% of the work time in asbestos insulation wark, gwc e to a tme-weighted
average expwsure of 6.3 k.- As the majority of the other acivenies of insulation work upervivion, collection of .
materials, movement apd ln\l.lllulmn of cquypinent, ete. bate relatvely clean, the averall exposure may be lower. in
the U.S., sweeping aml du\ly cleanup ure done by members ot the Latorers Union:)

In a review of wark activities i commercial and idustzaal construction, it was found that linle temoval of inpulation
was conducted ad ashesion apray apblations were very rarely undertaken by nsilatons, (Ashestos workers applied
spray insulations only to powerhouse turhanes.) 3 s estomsted that less (an twe of Jhice pereent of pvnimanne

insutation werk by members of the Asbeston Worken Union av i these continunusly dusty operations. kven o)

average expusures hore were SO Hanl and the men wore 'no respirators, their overall average exposure would be

Increased only o 7 Ul when uuﬂunh with ashestos,

concentration in various compartments
ranged from 88 to 257 {/ml, and in the
removal of sprayed crocidolite asbes-
*tos, fiber concentrations ranged from
20 to 500 f/mit, with short-term breath-
mg zone, samples showing concentra-
tions excccdmg 1000 f/ml.
the spread of ashestos from the site of
removal can be extensive. Concentra-
_tions of 30 f/ml were found at hatchway
openings to decks trom the area ot
crocidolite stripping.

High Dust During Ripowt

Additionally, short-term fiber con-
centrations measured during the variety
of specific application and removal
techniques are reported. High levels,
exceeding 200 t/ml, occurred while
mixing ashestos cement. The cleaning
of debris (155 t/ml) and the sawing (55
fimi), fitting (43 {/mD), or removing (52
(/mD-of calcium silicate sections also
produced high dust concentrations,

A subsequent publication by Har-
ries!* of lon;_, -term arci \.unplm& in var-

Moreover,

3

HWBUI0004880



