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The Work Environmen

J]. LeROY BALZER and W. CLARK COOPER, M.D.

Diwision of Environmental Health Scie
of Cairfornia, Berkai

@ With the cooperation of the asbestos workers' union and insulating contractors,
a study is being made of the environmeatal exposures and the health of insulating
workers in the western United States. Surveys have beeo made in a oumber of work .

samples, for various components of the i
tion, finishing, mixing and tearing out of

Intraduction

t of Insulating Workers l rvaommrs exsnr

—_—

DOW.-1680

ncer, School of Public Health, Univernuty
¢y, California 94726

y? .
o 'M[' 'R :-.

5

situations, including small commercial building, major industrial construction and Et :

marine operations. Major emphasis has been on exposures to asbestos-conuining 1
materials, fiber glass, cork, plastics, and adhesives. Trends in product usage are S w
presepted, as well as illustrative dust counts, based on membrane filter and impinger .z: : -
osulator’'s job, e.g., prefabrication, applica- T o
old insulation. Pt =
=

I
1} o
: L s K o)
Dunn and Weir’ in 1965 reported a higher -3 n

P

\ ORKERS IN THE insulating trade

make up an occupational group known
to have exposures to asbestos that are varied
"and difficult to conurol. In recent years, in-
vestigators have shown that the relationship
between asbestos minerals and human disease
extends beyond a disabling pneumoconiosis
produced in some workers. Evidence has ac-
cumulated that asbestos workers have a high-
er incidence than average of malignancies of
the lungs, pleura, and peritoneum.

Asbestosis in insulating workers has been
reported in England by Ellman® in 1934 and
by Leathart and Sanderson® in 1963; in the
Urited States by Fleischer et ol in 1946,
Pencergrass* in 1538, Marr® in 1958, and by
Seiitkofl er al* in 1964, in Sweden by Ahl-
mark et al.” in 1960; and in Finland by Ahl-
man® in 1966. Selikoff* reported lung cancer
ceaths in insulating workers in New York-
New Jersev to be over six times expected;

Ths invaugauon was supporied by Research Grant OH.
00204 from the Pubiic Heatth Sermvice, L. 5. Department of
Health. Education ama Weilare and received pretiminary
suppern Irom Generas Researcen Support Granmt {-SOJ.FR.
05441 Pudlic Health Service. L. S Dcpariment of Health,
Education ang Weilare

than' expected incidence of lung cancer in
California; and Keane and Zavon'® in 1966
in their descriptive report of the insulatng
trade in Cincinnati also described an excess
of lung cancer.

Because asbestos may be a widespread en-
vironmental contaminant and the established
threshold limit may need re-examination,
there is need for a thorough appraisal of the
work environment of the insulating worker.
We are now in the process of doing a study of
San Francisco area insulating workers in order
to determine the incidence of pneumoconiosis
and malignancies and make observations and ]
measurements on the work environment. This
report summarizes our preiiminary environ-
mental findings on the materials used, meth-
ods of application, and dust and fiber con-
centrations.

Ve ; 41
’

ogtirs

Background Information on Union Membersaip .

This study was made possible by the whole- 1
hearted cooperation of the International As-
sociation of Heat and Frost lnsulators and }
Asbestos Workers (both from their naticnal !
headquarters and from the officers of their s

' Thit remort was presented a1 the American !ndusirial various locals) s and b‘y’ insulating CONtraciors.
4. i h . e f 3
5o ﬂ::»t;el%7so¢:uxno:l Conlerence i Clucage, [linos, on mdxvxdually and througn the Western Asso
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ciation of Insulating Contractors. There are
approx:mateiy 1,800 insuiating workers in the

" \Western States. but this report is limited to

workers within the jurisdiction of the San

. Francisco Local {No. 16) which encompasses

Northern California and Northern Nevada.
This locai at present has approximately 500
members, 70 of whom have been in the
trade more than 10 years and 42¢¢ for more
than 20 vears. The union’s heaith and wel-
fare fund has sponsored a program of veolun-
tarv chest fiims for the past 10 years and
806 of those eligible have participated. Re.
view of these fiims has shown that about 25%
of the members Rave roentgenographic chan.
ges strongly supporting a diagnosis of asbes-
losis with an equai percentage having sug-
gesuve changes.’!

Most of the local union members work for
one of the 20 or so insulating contractors in
the area and travei [rom job to job with a

- specific firm. There is considerabie shifting

from contractor—to contractor so that many
men have worked for all of the major con-

. tractors at some ume during the past 20 or

25 vears. Nevertheless, the trade is a stable

-one, arising out of a high wage rate and a

rigid apprentice testing and training program.
Men who quaiify and pass through the ap-
prentice school program tend to stay in the
trade for therr working life.

Insuiating workers learn to do all the
major jobs in their trade and usuaiiv wiil
work a: anv job assigned bv their union dis-
paicher. Some prefer to work in heavy con-
struction or on the waterfront. The major
tpes of work in which men are engaged can
be ciassifed as: (1) commercial building,
which invoives the insulation of pipe and
duct svstems in office buildings. apartments,
shopamg centers, etc.: (2} heavy industrial
building, which involves the insulation of
turbines, boiiers, pipes, duct systems, and
processing equipment in power plants. fac-

leries, et and (3 marine construction and
Tecair. which invoives insulating turbines,
Soters. oipes. and duct systems in sRIZs an

Locai 16
not have jurisdiction in U, § Navy ship-
vards in the Bav Arca, which have their own
iczal Lrions. but manv of 1he members have

Bots navai and private vesseis.
does n

in the past been empioved in the navai ship-
yards

The following is a breakdown of empiov-
ment by types of construction of the 401 ac-
tive members working as of March 31, 1967:
100 of the workers were empioved in com-
mercial buiiding; 236 of the workers were
empioyed in heavy industrjal building; and
65 of the workers were employed in marine
construction and repair. The majority are
empioved in the building trades. When there
is an increased demand for ship construction
and repair, there must be a shift of the union
population. For example, during World War
II, more than 1,800 insulating workers were
emploved in Bay Area shipyards. even thougn
the local's membership was only 500 mem-
bers. This was due to “travelers” {rom other
locals and a large number of workers from
other trades given temporary permits to do
insulating work during this peak period.
However, the general picture is that there are
few travelers, and the Local 16 membership
handles most of the jobs in this area. Rota-
tion between employers tends to keep the
local member working in this area for the
duration of his working lifetime.

lnsulating Materials Used

Qur analysis of the insulating worker's en-
vironment indicates that they are predomi-
nantly working with calcium silicate and
magnesium carbonate insulating material con-
taining asbestos fibers, fibrous glass mate-
rials, piastics, foam glass, cork, and adhesives:

1. Materials Containing Asbestos—
100€¢  Amosite blankets
93¢  Amosite—53% filler

10-15¢¢ Mixed amosite and chrysotile
~—85¢c magnesia

10-15¢¢ Amosite—85¢z calcium  siii-
cates

10-15% Mixed amosite and chrvsotiie
~—85%¢ caicium silicates

10-13¢: Mixed amosite and chrvsotiie
85%¢ calcined diatomaceous si-
lica

1007  Chrvsotiie asbestos shorts fcr
finishing {rnud)

507 Ashestos shorts and 50% ce-

ment for finisning {mud}

396441
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2 Nt Coniarnnes lennu? Coiass

NMonaniorn—cmmpressed .38 aNG resin
binder

Roils

Picfabiicates-—pine and duct covering

Minerai woo!

High temperature insuiation

Finishing materiais {muds)

Minerai wooi anc ceinen:

3. Plasucs—
Poivsivrenes—prefatricated product,
powdered
Polvurethanes—{oam in places. prefab-
ricated products

4+ Corx
100¢¢ cork biocks

5 Giass Flakes—
Foam giass

Taver 1
Esumated Percentage of Volume and Applicauon
Time bv Types of Insuianon Matenal in Use
in the San Franciszc Bav Area

Yatume Application

Tvpe of Insulanion Maierial T of totai o af wine
Tota:! 1y 100
Asbestoy 45 3%
Fibrous giaas 45 L
Other 1cors rubber. foam gias, 0 5

polvsisTenes, polvurethancs:
Tasee 11

Est:mated Percentage of Current Use of Fibrous
Giass ang Aspestos Contaiming Mater:ais by
Major Tvpes of Construction

F brous irsulanion Materan Used

Tvpes of Construction Totai Finrous Glau Ashestos
Commercial buncing 109w, ney WX
Heaws industrial bwiding (LY] 30 T
Marnine consiruction and reparr 10 20 80

Tance 11
Craractensuc Properties of Chrysouic ard Amosite

Praneriice Chevsotie Amorite

Cosai shuciure Shewt uicate Chain niicate

Color Whae Asn-Grev
Approxirnate diameler ot

smaiiesc AnCes (. . 0960015 00501
Specific sraviy b 345
Tndex af relrartion [T TR R JTR R TR

Mev-June, 1562

G Adhesnces
Epoxv and solvent; asphait base apg
SOivent

Wheat pastc

Stlicones

Magnesia

Portiand CUement

Tabie I is an estimate of the producs used
by volume and the approximate times spen:
in applying them. This information was ob.
tained from the contractors, men in the trade,
and from personal observation during the
past vear. This table shows that fibrous asbes.
tos and glass materials account for S0% of
the materials applied.

Table IT presents the percentage of fibrous
insulation matenals used by the contractors in
our area bv major tvpes of work area. These
fibrous materiais were of paramount interest
to us in reconstructing the work-a-day en-
vironment of insulating workers.

Physical and Chemical Properties
of Fibrous Materials

Asbestos

Asbestos is a commercial term applied to a
group of fiorous silicates. They include chry-
sotile and the amphibole minerais—crocido-
lite, amosite, anthophvilite, tremolite and ac-
tinolitc. Chrysotile (hvdrous magnesium sili-
cates) is the most important commercial as-
bestos minerai, presently accounting for about
90¢% of the world's asbestos production. It
occurs only in serpentune (hvdrous magne-
sium siiicate minerals! rock formations. Am-
phibole tyvpe astestos is found in five commer-
ciailv useful forms: crocidolite, amosite,
anthophvllite, tremoiite and acunolite. In the
United States insulation industrv, chrvsotii¢
{Canadian® and amosite (South African] are
most often used in manufacturing insuiation
rateriais {Table 11T

A unigue physical characteristic of aspestes
is its ability to longitudinallv subdivide 10t
fibrils of moiecular diameter. The fibriis ar¢
too smail to be counted with ordinary light
imicroscopic techrugues. making it c:fcuit 10
assess the true hber exoosure.

Frem the literature and froms manufaciur
¢rs and their representatves, we ascertamed
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he approx:mate amounts and types of asbes-
105 hibers which are used locally in 14 differ-
ent asbestos insulating products, manufac-
wured by seven major producers of insulating
7. materiais 1n the United States. This infor-
. mauon is summarnzed in Table IV. We con-
frmed the stated types of asbestos fibers in
r seven of the matenais by x-rav diffraction
anaivsis using a Norelco X-ray unit equipped
with a copper target and x-rayv diffraction
" tde.

‘= The manufacturers of asbestos insulating
materials use varving amounts and types of
" asbestos fibers in the:r products and may re-
. brand their product for distribution by anoth-.
* or manufaciurer. Contractors will also order
soecific tvpes of asbestos insulation because of
7 their therma!l properties and not because of
& the tvpe of asbestos fibers they contain. Thesg
«« pracices on the part of manufacturers and
B
L4

. contractors make it impossible to reconstruct
: a working population that has had a “pure”
" exposure to one type of asbestos fiber. It has
- been our practice, in environmental sampling,
- to record all the insulating materiais being

‘..*'used in order to determine product accepta-

bty by the insulators and to determine if
_any one type of insulation matenal produces
-+ more {ree fibers.

Fibrous Giass
» ~ Fibrous giass consists of a mixture of silicon
cioxide, oxides of aluminum, calcium magne-
sium, bororn and other additives. In general,
.* the fibers of most commercial insulating prod-
<" ucts have a mean diameter of 4 microns or
" greater. Although this paper will not directly

‘ consider fibrous giass exposures, we have been

obtaining environmental data and will an-
aivze it later.

In our laboratory, we have optically de-
termined the diameter in microns of various
sampies of forous giass insulating materials
used in our area. The acoustical materiais
Rave the largest diameter: 11 to 14 mucrons:
the buiiding and duct insulation: 4 to 7
diicrons: px_r;e covering: 4 to 6 microns: and
the snecia high temperature material: 1 to
2 micrans. )

. . b4 . -
dmerican indusinel Hagiens Aoeciation juurnai 05

YWith the increased use of high tcmperature
insulation and special fibrous glass insulation
matcrials, we are likely to sce more and more
fibrous glass insulation materials with a
mean diameter of respirable size,

Environmental Data

As was described in the previous section,
the insuiating worker works with and is ex-
posed to a myriad of materiais and condi-
tions. Many times the materials he is exposed
to result from the activities of other trades
in the area. Obtaining a true time-weighted
exposure under these conditions is impos-
sible. It would require hours of observation

"and sampling of each worker in order to

even artempt to estimate the integrated dose.
Exposures in most other industries are fairly
constant by comparison, in that workers con-
unue at the same job in generally the same
area. However, the insulauing worker is al-
wavs in a changing environment; the work
locatians, his position, materials, humidiry,
temperature, ventilation, and anv number
of other things are in a continual state of
flux.

In an attempt 1o reduce this to some
order, we have classified all the jobs per-
formed by the insulation worker into six
major categories: (1) Prefabrication: ma-
terials are precut and shaped using hand or
power saws either on the job or at the con-
tractor’s shop (10% of his time). (2) Ap-
plication: materials are ficted, hammered, or
carved, and attached to the surface by wiring,
or gluing (40% of his time). (3) Finishing:
materials are coated with asbestos containing
cements, resins, asbestos or cotton cloth, or
petroleum based sealers (30% of his time).
{¢) Teanng out: removal of old or unp-
usable materials in the process of insulating
or re:nsuiating (109 of his ume). (3} Mix.

Taste IV

Percentage and Type of Asbestos in Insulaung
Products in Current Use

Tvpe ol Ashestos Percent bv Weight Numner of Produc:s

. N L. Amosite 10-15% 1
It 15 en1dent from this dara that it is not  Amowe _ 9531 2
( TP - . - . L Aosiae-Chnsonie 10-13 3
CMe s 10 And glass fiders in the WOIRET'S  Chmwere 10-15 2
\ on R . . . Coaws witur 85100 3
\ “vironiaent that are of a respuavie sUl
]
.’s((\
e e L Do aat

PREL S
2% Smtl st A0

Y T IS4

-
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TasLr V

Dust Concentrations Based on Impinger
Samp.es by Joo Classiicauon

Mav-fune, 14Lg

Tame VI

Fiber Concentration Based on Membrane
Filter Sampics oy Job Classihcation

Number oi Droect “umber of RIS
Jeb ClassnAeation Sampies  Mean Meduan Range Job Clasaificanion Sampies  Mean Median Range
Prefabrication 13 65 48 08288 Prefabication n 89 8¢ 01-2413
Appucanon 17 35 ] 08482 Appncation 45 6.4 14 0615
F:nisn.ng 9 76 14 1262 Finisrung 3 . 08 01-744
Teanng out ) 52 s 1586 Tearing out 17 89 49 02-2%3
Miuine [ 91 84 28160  Miung 2 2.5 |4 02107
Cenera: 9 14 1 4 06-18 Generas 16 48 cs 01-229

ing: mineral wool, asbestos, fibrous glass,
and cements or glues are mixed separately
or in combination in buckets or troughs (5%
of his timei. (6) General: cleaning up of old
insulation, transporting of materials (3%¢ of
his tme: The percentage figures indicatng
the amounts of time spent at each of the
job clasuncations are, of course, vanabdle
anc are oniv intended as rough guidelines.

For the purpose of this paper, we will
limit our discussion to the environmental
data obtained during insulating operations
when only asbestos contamning materials were
used. -

To compare our sampling data with the
present threshold limit value {TLV) of 5
miilion parucies per cubic foot, we have
taken a number of midget impinger samples
aiong with our other mcthods of sampiing
The resuits of the impinger samples are
summarnized in Table V and are either breath-
ing zone or general air samples of a particular
insuiation cperation. All the samples werc
counted in accordance with the standard
procecures prescribed by the American Con-
ference of Governmental Industrial Hygien-
ists and include both grains and fibers. It
wiil be observed from Table V that we have
three distinct areas—prefabrication, tearing
out, and muxing—where the present TLV
is exceeded.

Because of our interest in the roie that
fibers piav in the pathogenesis of asbestosis,
we placed the major emgphasis of our en-
vironmental sampling on obtaining fiber con-
centrauons under various working conditions.
The personal and genera! sampies were col-
iected on Millipore Tipe AA Filters mounted
:n feld monitor cases MNost of the sainpies
were bf:ﬂlhlng 70T€ S2:Dey wWorn ivonc

workers for periods ranging from 30 minutes
to 3 hours. Since it was easy to overioad the
filter with fibers during heavy dust periods
and negate the countability of the sample,
it was necessary to replace the field monitor
cases several times during the sampiing
period. The fibers were counted bv clear-
ing a wedge-shaped segment of the filter
using a modified technique of the Uni-
ted States Public Health Service'? and sized
by the length and diaineter at 430x magni-
fication using phase contrast illumination;
we wiii only refer to the total fiber counts
in this paper. A fiber is defined as having
an aspect ratio of 3.1 length to diameter. ~
If Timbreil's criteria®® for respirable fibers .
(diameter smaller than 3.5 microns) was
used, 98C¢ = 2% of the fibers we have
counted would fall into this category. The

fiber counts per cubic centimeter are given .

in Table VI by job classification.

Discussion

Our environmental observation in the in-
sulation trade confirmed our initial impres-
sion that the varied job assignments, con-
struction methods, and materiais used in
current work practices make it extremeiv
difficult to reconstruct a time-weighted aver-
age exposure for the major hazardous dusts
and chemicals. Reconstruction of past ex-
posures is impossible.

Although materials in use have changed
over the past 20 or 30 vears. with an increas-
ing use of fibrous glass and a decreasing use
of cork, the construction industry continues
tc demand asbestos-containing insulation ma-
renals The insulation werker's exposure €
ashestos fibers 15 not disappeaning [t is 3.5C
evidens that conuianm o most otner United
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s2t€s nChusiries waere ashectos exoosures oc-

wsot:le asoestos hids not vet supianted
AL amosite asneans o the mannflae-

I
13

1.ring ¢f insulation matenals. Amosite ex-
sosures are the most significant in the in-
se.ating trade

The breathing-zone dust leveis found in
e Custiest operations observed were not as
k:gh as the incidence of pneumoconioss
sy Rave jed us to expect. Some samipie
areas exceeded the present threshold limut
vaiue i TLV" recommerced by the ACGIH
however, these samoles were not for extended
periods of tume. Although we attempted to
sampie the dusuest operations, the time-
weighted averages for dust samples contain-
ing asdestos wouid probably not exceed the
TLV in most situauons, even on ships. This
confcrms to findings by Fleischer ef al,’ by
Mare® and by Leathart and Sanderson® and
10 rezenty reperied findings by Fernis®* who
‘agt vear reporteC studies in the same ship-
vards earher appraised by Fleischer?

Thre present TLV for ashestos was recom-
mended bv Dreessen ¢! al'* in 1938, after
epidemioiogic studies in textile muils using
chrysotile asbestos. It was not intended for
extrapo:ation to ail f{orms ol asbestos use
under all circumsiances of exposure The
proven occurrence of preuUmoconiosss in in-
sclatng worhers exposed intermittentiy as
descr.ped in this paper and by the anthors
crevicush cited suggests that the TLV for
asoestos 15 too high Our studies are, how-
ever not ver comniele enough to warrant 2
ana. cenciusion. We cannot eliminate th

.o -

possinihity that other components ¢f the in-
suldting matcehias uay be synergisuc. The
incidence of pacumocaninas in these wark-
ers. the need for better environmental con-
trol nicasires, and medicas suneidlance will
be the subjects of more detasied iater repotts.
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Errata

In the arucie "The Assessment of the Work Place—A Prerequisite to the
Diagnosis of Occupational Chest Disease” by Kenneth M. Morse (AJ.4.A
Journgi 28 135-143. March-Apni 1967 several errors unfortunateiv appeared

or page 129

In the text table in right-hand column. the time percentage

for 1tem '3 Mise. {umbering, bit change, etc.)” shouid have read 4%¢. Im-
mediateiv {ollowing this table the calculation for the time-weighted average
concentration (TWAQC) shouid have been:
TWAC ={i383 % 468" = (65X 164 ~ (43 X032
- (350 x 048 — (45X 088, '8
8 =
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