WILLIAM B. REITZE,* WILLIAM J. NICHOLSON, DUNCAN A. HOLADAY,
and IRVING J. SELIKOFF

Mount Sinai School of AMedicine of the Ciry University of New York, Fifth Avenue ai:d 100th Strect,
New York, New York 10029

Over 40,000 tons of inorganic fibrous insulation contzining asbestos were used in 1970

@ by the construction industry as a fireproofing marcrizl in the crection of multistoried

buildings. The application of this matcrial by a spruying technique producces scrivus csptan-
ination of the working envitonnient. Asbesios {iber concentrations imay ange from 34 f &8
to more than 10 f/cc. Some early observations of the exposures and health of the weskmen
in this comparatively new occupation are given with phorographs of the working arcas.
Nearby workers may be indirectly e.posed. Such concentrations were found to be 0 1. ¢cc
ten feet from the spraying and 46 tjcc scventy-five feet away. Control meusures zse dis-

cussed.

Intraduction

A coupational hazards sssociated with the

\F inhiziation of asbestos fibers have been
well established, with important risk of asbesto-
+1s, Dbronchogenic carcinoma, mesothelioma
(pleural and peritoneal). znd possibly other
rroplzems.t Such hazards have been found in
fuciorics manufactering asbestos producis,®™
i ancs and mills producing the fiber,5+¢ and
v the use of asbestos products for insulation
wath in thie construction industry,”

Starling in 1966, we undertook un invesriga-
iien ol wnother commercicl use of ashe<tos in
whh an occupation hazard seemed posible -
o aravee of preecral Tiber insulation maerial
o tirgornaiing and haot insulation,

Spreved fpoarpanic iber insulation was intro-

W32 withy the Limpet process. by the
& Roperss Company of Great Britain. Mr. N,

oo

Pre oar cddiess: Johns-Manville Industries, Man-
v Jetse

T work was supperted in nart by Public Health
e Lrant EN003AN and by Heuht: Rescaren
Cotaab NYC Grant LA12720
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L. Dolbey. Director of Resezrch ior this com.
pany, is usually acknowlzdged as the pionesr
developer. British Radlveay cozch mukers used
the sprayed product containing asbestos in their
coaches to control condensiticn und noise: it
also acted as a thernul insulsting marerial. In
1935 the spray process was Iirst usec in Ife
United States. host of 1}:e material appiicd dur-
ing the late 1930°s was used ior dacorziive fin.
ishes in night clubs, restaurants. hotels, etc.
When this material was foura atso 1o b2 use-
ful as a fircproofing agent. such use graduslly
increased, and in 1950 the Nitjonai Gy'psum
Comguny obtained the Ungerwriters L2t eraior-
tes” approvel of its brand of sprzy insulsticn for
fireproofing. In early 1931 the Asbasicspray
Compzny alsp had an inorgunic fter blend
tested and 2pproved by the U lenwiitors Labe
oratories, The first usz of sr-aved “mineral
fibe1™ sy o flreproofing cpvint i 2 jarze muit-
stoiy buikling accmred in J925 with the erve-
tien of the sixtysstory Chasz Morhating Bonk
budaiig in New Yo Ciry. In (970, w0l over

haii of allahe buge mukiision buaila 3 cone
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structed in this country made use of sprayed
“inorganic fiber” as a fireproofing agent.

Uses of Spraved
Inorgunic Mineral Fiber Insulation

Mineral fiber materials containing asbestos
have four mzjor insuiation uses in the constiuc-
tion and shipyard industries: (1) fireproofing,
(2) thermal insulation, (3) ucoustical and decor-
ative purposes, und (4) condensation coatrol.
Fireproofing accounts for the larges: amount of
mineral fiber sprayed in the United States.
Formerly, structural steel in multistory build-
ings had to be encased in-concrete to prevent
buckling in the event of fire. The use of sprayed
mineral fiber provides adequate fire protection,
reduces installation costs, and reduces the
weight load upon structural steel components.

The use of sprayed insulztion in thermal
applications permiis powerhouse turbines to be
encasad in a uniform, continuous coating which
greatly reduces convection heat losses. Other
industrial uses include coating of vessels in
chemical plants and refineries, and insulating
electrostatic precipitators, boiler breechings,
2nd stacks.

Because the newly applied surface of
sprayed mineral fiber can be shaped, the materi-
al not only provides good acoustical control but
also can be used for decorative ceiling and wall
coatings for large areas in public buildings, res-
taurants, and similar establichments.

Spraved products containing asbestos fiber
are particularly useful in controlling ccndensa-
tion in indoor swimming pool areas, luundries,
textilz plants, and other industrial -buildings
where condensation may cause extensive corro-
sion of structural stecl. The unique wicking
actien of the individual asbestos fibers serves to
Leep the inner mass of the insulation free of
moisture,

The use of sprayed mi=eral fiber in the ship-
buiiding industry was at one time rather exten-
sive in Great Britain, However, because ¢f prob-
lems encountered in removal during repuir, its
ese hes now been discontinued in Giedi Bitain,
Veny small quantities were used in the Umicd
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‘were used). The sivtyvestony Ch

Stites for shipboard installstions during World
VWar 1L

Inorganic Fiber Mixtures
Used for Spray Application

Although the composition of the various
spray products wili vary with the iniendad use
and the individual mznufzciurer. certzin general
formulations are sirilar. Most are termed “min-
eral fiber” muaterizls, althuugh naturally occur-
ring mineral fibers are usually in a minority,
and man-made inorganic fibers dominate.

The material used for fircprooling in build-
ing construction usually is a blend of 5 to 30%
asbestos fiber (chrysotile), mineral woel, clay
binders (as bentonitz), adhesives. synthetic
resins, and other proprietary agenis such as oils.
Many of the materials used for tharmal insula-
tion on turbines coniain nearly 1007z asbestos
fiber (often amosite or amosite and crocidolitz)
plus the usual binders and adhesives. The mate-
rial used for acoustical and decorativa pumoses
may contain a creater percentass of minaral
wool and little or no asbestos fiber. Scme mates
rials are applied as a sprayved slurry (commonly
known as cementitious <srav) and wili eoften,
contain vermiculite, gypsum, and shorzer asbes- ¢
tos fibers (see Table I); Bacause the cemanti-
tious muarterial has a much greater density and
increased weight per unit area, the supporiing
structure must sometimes be designed accord-
ingly.

The quantity of mineral fiber used for spray
applications in the United States toduyv is stead-
ily increasing. In 1968 an cstimuted 40.000
tons of matcrial were used ior iireproofing
alone. This does not inciude the amounts used
for irdustrial thermzl ifsulation. acoustical con-
trol. and condensanion coatrol. A thitty-story
building may use 2CD teas. whilz the Werld
Trade Certer complex being puilt for thy New
York Pert Authority will use 3020 tens on the
twin 110-story towers (zbove the foriicth foor,
OnlY  RUN-ASHOSIOS-COUTAINMG  tPoY ndieridis
> Manbattan

1300000
7. Tk Hol

Bank Buildicg is Sreproeiod wi
square feet of sprayed inieral £
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TABIEI

Compaositiun of Sprayed Min

erat Faber Products

Depending on manufacturer, the product may contun the following:

Decorative and acoustical®
Rock Wool)
Asbestos fiber
Mineral binders
Clays - bentonite
Hydraulic setting binders
Portland cement

Manufacrured siliczte Niber (such as

Oversprays
Emuision type seaieey
Latex
Acryhc Resin
Psint

Thermalb Amosite asbestos fiber

Crocidolite asbestos fiber

Chrysotile asbestos fiber

Dust-arresting additives
Wetting agents
Oils

Manufactured silicate fiber (such as

Roack Wool)
Hydraulic setring binders
Portiand cement

Aluminum silicate extruded fibers

(*‘ceramic’’)

Chrysatile asbestos fiber
Gypsum

Portland cement
Vermiculite

Fireproofing
(cementictous)®

3Contuins S to 30% asbestos fiber.
Contains ncarly 100% asbestos {iber.
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Fraure 1. Mian hoppers and pumps used 1o con-
g H Pi I
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American oczan liner Rotterdam containg

AG.0ND square feet of sprayed mineral fiber
usad fus fire protection, thermal insulation, and
sound ard condenzation control. Most spraved
mueteriad 1oused i Inge cities, During 1970, in
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New York Citv, there were six to eight build-
ings taller than thirty stories being sprayed on
any given day. An estimated 200 1ons were
used in Great Britain during 1568. Use zs a fire-
proofing agent consumed most of Britain's
spray insulation material.
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Methods of Application

There are two principal methods of applying
sprayed mincral fiber. In the dry method, dry
material is dumped from a paper shipping bug
into a lurge hopper. where the materiul is agi-
tated and subsequently blown mio a 2- or
4anch hose (Figure 1). The hose conveys the
dry matetial to a nozzle at the actuul site of
application (Figure 2). As the diyv muaierial
leaves the nozzle, it passes through the focus of
a ring of fine water jets. Mixing takes place at
this focal point, which is usually 4 to 8 inches
from the end of the nozzle. The operator is able
to control the air, material, and water mix, with
valves at the nozzle.

The wet method differs in that the material
is premixed with water in the hopper, and the
resulting slurry is pumped to the nozzle and
sprayed upon the surtace to be coated. The
nozzle used is similar 10 that used 1o zpply plas-
ter.

Exposure of Workmen

Spraving of mineral fiber is done by men in
several different trade unions in the United
States, depending on its purpose and local juris-
dictional agreements. All material that is used
for thermal insulation is applicd by members of
the International Association of Heat and Frost
Insulutors and Asbestos Workers (AFL-CIO).
This is a very minor part of their work, overall.
Material used for fireproofing is often applied
by members of the Plasterers’ Union. Acousti-
cal and decorative material may be handled by
carpenters, or other craftsmen. In New York
City, fewer than 1000 men in all. would have
regular or intermittent exposure 1o spraycd
asbestos insulation.

The applicstion of sprayed minerai fiber
compounds containing asbestcs is potentially
assaciated with heulith hazards for two groups
of people and possibly for a third. The firt
group. workmen actually engaged in upplying
the material, is relatvely smali in numbers. This
group, however, is the most hezvily exposcd.
Air sumples taken on site and counted by using
a modification of the method desenibad by
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TABLE

Sprayving of Therma! lnsui-tion =
Fower Houwe Turbane?

tlan ut nan at Men Churning
Nazzel (1) Nozzal (2) tHoppes

68 67 22

55 45 H

31 100 10

24 32 [

Spraying of Fireproofing — *dultistory Building

Man at Nozzel (3) Man at Nouel.(d)

30 99.0
a3 94.5
20
49
34

3All counts in fibers per vubic centimeter. Fibers
longer than 5§ mitrons. wuble by opuical microscopy
at 230x with phase microscapy. Qur studies have dem-
onsirared that mony mure fibers shorter than § mi-
crons. 1ou small to see by optical micraccapy, accom-
pany the optically visibic fibers and niad exceed them
in siuniber (slthough nat in mass) by aevers) wrders of
magnitude. Thesz smazller and thinner Nihers :nd fibrils
are detected only by civction microscopy and ute not
included in counts such as these.”,

Ayer and Lynch.® ccunting erly fibers longer
than 5§ microns visible by optical micruscopy at
400x, indicated that the worker handiing the
nozzle was exposed 1o fiber lavels ranaing from
a low of 30 f/cc to over 100 ficc. The worker
emptying the bags into the hcpper was found
to be exposed to fiber lavels ranging from § ffcc
io 22 ffcc. The large spread in counts can be
atiributed to differences in asbesios content of
razteiial, work proficiency, and the ever-chang-
ing conditions on construction sites (see Tuhle
1}). These dust levels are much higher thuin
those at ushestos work sites in vther trades.
Thers are no satisizctory dsia ot present
concerning discase among thess men with direct
exposure to spraved insulauion dusts. Their
woik cxpericnee in gencral hies been teo shornt
1o have led, as vet, to clinically evident discase.
Amuang other ashestos-expu.ed warkmen, sig-
nificani Jisezse vsualiv does not become evi-
dent for twenty or more years frtowing enset
of exposure.!® No greup of warianen engaged
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Mecre 3. Pulmonary asbestosis following four
veers of mineral tiber spraying expenence, stariing
tweatyv-nine years betore death due ta cor puimonaiz.

i spraving asbestos has been examined after
suchi un interval.

In New York City, we have examined a
dosen men who have sprayed asbestos. Most
had worked only 1wo or three years at the
trade: they were asymptomatic, and their chest
roxnizenograms exhibited few or no abnormali-
livs, Two men had had longer experience. One,
g man of 4} with firteen years of exposure dur-
3 a span of twenty-one years, was also with-
w21 shertness of brezth, and his film was nor-
itad apurt from minimal lower lobe reticular
fibrosis. The second man, the only one who hud
gone more than twenty years from onset of
exposire, was severely short of breath. had ex-
trmive ashestosis on x-ray, and died of cor pul-
mangie. He had had foue vears of work experi-
eroe stertng in 1935, twenty-nine years before
e deathiin 1vad at the age of 65 (Figure 3).

Hoovparience in other asbestos trades is a
Sondvsand a0 e 1S g consistent exposure-
e aceponse tefativnship, we may predict a

Mareh, 1972

most unhappy fate for the men who have bee
working in the sprared insulation industry.
Ainong other msulation workers, with much
less asbestos exposure, observed for more then
twenty years from onset of exposure, appres-
mately one in five deaths has bean of lung caa-
cer, one in ten of gastroumestinal cancer. cid
almost one in ten of plewal or peritoncal meso-
thelioma. In addition, zlmost one in ten has
becn of asbestosis and cor pulmonzle.!! And
these disease experiences have been associated.
it may be noted, with dust exposure levels
much lower than at spraying sites—perhaps one-
tenth or one-twentieth as high!

The fate of the sprayed insulation workmen
will likely resemmble these experiences, althcugh
the pattern of distribution of deaths by cause
may be different. Jacob and Anspach have
demonstrated that, where asbestos wotk ex-
posure is unusuully excessive, there are more
deaths of asbestosis und cor pulmonale and few-
er of lung cancer; the workmen die of pulmo-
nary insufficiancy before thev can live long
enough 10 develop and die of lung cancer or
mesothelioma.! ?

The second group. which may involve many
men working in the building construction
trades in the country, especiaily those engzzed
in high-rise construction work, is much larzer.
Pipe fitters, welders, electricians, plumbers. czr-
penters, and others may be on the construction
site during or chortly after mineral fibers have
been sprayed. On-site samples taken at various
distanzes from th2 nozzle show fiber counts
ranging from 70 f/cc 10 feet from the nozziz 10
3 fice 25 feet away. Counts tuken 30 minutes
after completion of spray still 1anged from 1 10
4 1/ce, and 60 minutcs afier, from C.25 10 0.76
f/cc. Again, these counts vary because of chang-
¢s in on-site ventilation.

We have few data to predict the magnitude
of the disezse hazard among worlaen with
inditect exposure, That there is o poteniiz! seri-
ous risk mzy be inferred irom the mceessing
reports of mesathelivimd ameng men working in
shipyards in which wsbostos spraying was ssodi
ated with such risk of indirect ozoupetional
exposure.’® Asbestosiy is also found imong
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TABLE I
Area or Stzitonary Samiples Taken duning Sprav Operstion
Sample Distance fram Nazzle NMan (1) Count (fbery/va i
1 1S 17
2 s 10
3 75 a6
4 10 71
5 10 70
6 20 37.6
7 20 66.0
Taken 30 minutes after sprav operation had ceased for the da,vb
8 1.01
S 1.12
10 1.55
11 4.22
Taken 60 minutes after spray aperation had ceused for the day?
12 0.55
13 0.51
14 0.28
15 0.76
16 0.26
35ce footnote, Table 11.
Samples taken un seme foor as operation,
these men,'* and asbestos bodics are detected R LA S
in their lungs more commonly than among ' i
other compurable blue collar workers.' ¥ s
. . . '}
The problem of indirect occupciional expo- R
sure in the construction trades is ot iniportance, . : ,."_-.’:
if only because of the number of workinen : . Tor t'l"'~ .
involved: In the United States, more than : o L
3,000,000 men are regularly employed in the : - ) 4
building trades. While the incidence of asbestos- ’ - i
associated disease wnong those indirectly : R N !
exposed may be lower than among the cne-in-a- t o N i
hundred with direct exposure, the totul disease . . e < !
: - o . x

experience can be considerzbly grezier. Our uir
studies indicate (Table 1) that very high asbes-
tos fiber levels are found in tie work environ-
ments of building trades workmen not assoui-
ated with spraying operations, but simply work-
ing in the same buildings. We muy ot know the
incidence of mesothelioma and lung cuncer
among men so exposed for 1wenty or thiny

2urs. In New York City, wheire spraying was
under way in the 1960’s, asbest .~ thscase resuli-
ing from this practice. among stoaratiners, elec-
tiicians, carpenters, panters, nusois, and other

tades, will not becormie evident unul e
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H
building matenisls wsed by otier irades.

1980's, and 1990’s, and the twenty-fhist cen-
tury.

Similarly. we will not be tble 10 ussess possi-
bic distuse zmong the geneial poblic for an.

other twenty or thiny vears. We have deter-

mined that contzmination o the commimny’s
air occurs as o sl of uneontieiled or inade-
quately contranlad spraving opriaiions, As ex-
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svected, such contamination is greatest in the
vicrrity ¢f the construction site,

Sinee most of the spraying is done before
the building curizin walls are erected, some of
e apray muterial may blow outside the site.
The quanmity that escapes depends on wind.
haight of building, skill of operctor, materizl,
and control mezsures used. Construction sites
have bean studied where grossly visible waste
from a spray cpplication covered the ground to
a depth of 1 inch for a distance extending 100
feet from the site (Figure 4).

Control of Occupational Asbestos
Hazards Associated with Sprayed Insulation

The two most important sources for work-
man exposure during spray operaticns are (1)
material thut becomes airborne during the spray
uperation  (overspray), both that which re-
muing at the jeb siie and that which blows into
the surrounding air, and (2) material that re-
muins on the site because of poor house-
keeping. Until recently, few control measures
were used during application of sprayed mineral
fiber.

During 1969 and 1970, extensive field in-
vestizuuions were undertaken by our laboratory
Lo ascertzin the possible usbestos hazard in this
trade 2nd to develop corrective measures. In
this, we had considerable cooperation from the
Department of Air Resources of the City of
Naw York. and some segments of the sprayed
walation industry. including a number of man-
ut-cuning  and  contracting firms associated
with the Snraved Mineral Fiber Manufacturers
As.ociation ard the Contracting Plasterers” As-
soiation of New York. The International Asso-
<iution of Heet and Frost Insulators und Asbes-
tos Workers, AFL-CIO, ahhough its members
Judditle such work (rather. Plasterers’ Union
nwemhers were engeged), also provided consider-
<hle help, since they had had much bitter ex-
orenee with the problem in general.'® Simi.
“nve valueels assistance was provided by the
Foan-dunvaille Corporation, in keeping with
Hoary b parspective of develeping effective
<otheh e such sabestos uses as might be asso-
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In this investization, work siies were studied
in eleven cities i cizht siztes. Practices were
found 1o be very much the szme tinoughout
the country, as descnibed above.,

It is our gencral conclusiea that spraved
insulation praciices can be controllad to 2 pont
at which the occopations! hazards, voth dirzct
and. indirect, can bc minimized or eliminated,
but that such controls will be expensive, tedi-
ous, and cumbersome,

Our findings may be summarized by consid-
eration of the Sprayed Insulation Regulations
promulgated by the City of New York in April,

1970, These regulations were largely based.

upon the results of our studies, supplemented
by valuable additicns derived {rcin the experi-
ences of tire Department of Air Resources (Dr.
Robert Rickles. Commissioner) and its staff,
including those of Harold Romer. P.E., who
headed a special @1oup assigned to this problem.
These regulutions were the first by a govern.
mental agency to seek 1o control hazards associ-
ated with spraved insulsiion and hiave more
recently been followed by admrinisirative ac-
tions in other cities including Philadelghia, San
Francisco, Bosian, and Chizago.

Inthe Mstterof the ) o

Spraying of Asbestos. ) Commissicner’s

Containing Material ) Order

PURSUANT to the authority vested in me
by the New York City Charter and the New
York City Air Pollution Cuatro! Code.

IT IS HEREBY ORDERED that when-
ever asbestos-containing miaterial is sprayed,
the following precuutions shall be taken to
prevent and control tlie emission of ashestos-
coniaining particulate nictter ity the ambi.
ent air.

1. Before the start of spraving operations all
floor areas shall be shoveled clean. Before
the application of asbestos-contzining mate-
il commences. the leor of the area shal) be
cleared of all objects, material and eguin

ment other than that employed in the applie

ceation el ihe csbestos-containing inmilution
or all objecis. materials, cten, shall be oo
ered witl plastic or othier zpproved tarpa.
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lins in a manner that precludes the subse-
guent dispersal of ashestos particulates.

2. The entue floor. or the purt of the floor
to be msulated shuil be enclosed with plustic
or other approvad terpauling in & manner
which shzll praclude the escape of asbastos
containing material from the enlosure. All
interior open areas, such as elevaior shafts,
stainvells, etc., shall be enclosed in a munner
which shall prevent the escape of asbesios-
containing material from the woiking area.
“Stack effect” of the shafts, stainwvells, etc.,
shall be considered satisfactory only if visi-
ble insulating material cannot escape from
the enclosure,

3. Wet asbestos-containing material which
has fullen to the flcor shall be swept up con-
tinuously to prevent dispersa! of dried ma-
terial. Under no condition shall this material
be removed later than at the end of the
working day. Swept-up materizl shzll be
placed in a heavy plastic bag sirong enough
to resist tearing or breaking under normal
handling condiuons and clearly marked as
containing asbestos waste. The coatents of
the aforementioned plastic bags shall not be
iransferred to another container. The plastic
bags shall be plazed upon a vehicie for dis-
posal at an approved site,

4. All floors will be vacuumad shortly after
drying. The vacuum cleaner shull contain a
strong, single-service disposable inner bag of
durable material which shall be rcmoved,
then be placed in a container of 12 type de-
scribed in paragraph 3, which shall therearter
be placed on a vehicle for removil and dise
posul at an approved site.

5. The materials used to form the enclosure
shall be thoroughly vacuumed upon comple-
tion of the application of the intulation in
the arca. The entirc loor aiez. ali iedges and
surfaces including tarpauline upyn which
waste insulation muaterial moy huave Lalien,
shaii then be vacuumead or revacvumed be-
fore removel of the enclosures,

e~ agas e C CERL S gt it A s ot mme vew T

6. Enclosures sliall not be dismantled until
the zrea has baen thoroughly vacuznted uner
completion vl spruying and cieanao.

7. Al areas usad for operng bags contaming
asbestos insulating meuterizi and;or charging
of hoppers chull be enclosed in such o man.
ner that ashastos-contuining insuloting rate-
rial shull not be permitied 10 escaps frem
the immediate area in which such scuvity
takes place.

8. Signs shall be posted outside enclosures
warning persons of the hazards of entering
the enclosure without apprepriate mask and
other apparel.

9. All persons involved in the spraying of
asbestos at the site must be furnished with
Bureau of Mines approved respirators for .
pneumoconiosis-producing cust or equip-
ment as required by N.Y. State Depunment
of Labor znd must be furnishod with suit.
able coveralts which wiil be left 21 e site
and thereby preciude the removal of asbes-
tos from the site. o person shaii be permit-
ted in an area in wiiich scbestos sproving or
handling Las 1aken place until Lnal vacuum-
ing referred to in paragruph nunibered 'S
herein, unless such persor s furnished with
and wears 2 Bureau of Mines upproved res
pirator for penumoconiosis-producing dust
and coveralls of the 1yp2 described herein.
Facilities shall bz providad ard procedures
instituted and supervised that preclude the
removal and dispersal of asbestos-containing
material from the constraciicn site on the
clathing or other appurtenances of parsons
leaving the area. '

10. Any plznum or other structures coated
with athestos-containiung insuiziton which is
intended for use in the citculation or 2ir in
the building nust be thoreuzhiy
all debris and waste instleticr, Al applied
asbestos-containing insulation within a
plotam o dust mst be ceatdd with ¢ <eal
ant which precludes eaposure of the usbes

tos-contatning matenal 10 the cicalating air,
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11. A person shall be assigned the full-time
respons:hility to supervise the spraying and
reloted opzrations to essure that no asbestos-
beuring matenzl is reicusad from the con-
struction site.

12. In case of emiszion of asbestos from the
consiruction site, iminediste steps shall be
taken to cause the cessztion of such emis-
sions by either effective control measures or
work stoppage at the source of the emis-
sions. There shall then be immediate and
complete cleanup of all material that has es-
caped the construction site by measures that
will insure that no further dispersal of any
asbesios material into the atmosphere can
occur. '

13. Notice of intent to spray ashestos-con-
taining material on any premises shall be
eiven to the director of Field Services, De-
partment of Air Resources, 134 Centre
Street, New York, N.Y. (212-566-2735).
Said notice shall be both oral, by telephone.
and in writing and shall specify, at least 1wo
(2) duys prior to s2id spraving, the floors on
which the spraying will take place.

It will be seen that these early regulations
(they have since been strengthened) were di-
rected largely to the prevention of the environ-
mental hazard. In addition, we were able to
identify a number of other approaches which
were more specifically concerned with the oc-
vupational hazard.

Reduetion of Airborre
Ashestos during Sprav Operations

Currently, consideration is being given with-
in the industry to several proposals aimed at
icducing the amount of asbestos dust winch
might become airborne during spraying.

An nrportant approach includes elimisation
ufshestes from the inarerial used and the 2ddi-
deioof ols or wetting agents. Formulation
Shepves hove met with some success. Severad
Bt owerers are now  producing material
whubocostums no ashestos. The disease poten-

o A—————
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tizl of these substitute meterials is larzaly un-
known, and New Yorl Citv racubutinne reguire
tha same precauneir. during rthawr wyplounen,
as wiih esbestos-containing inuternals.

In Great Brituin, the moditication of spray
equipment has recaived considersble atiendon.
A method of prowetiing the iiber Letore con-
veying material 10 the rozzle has been Jevel
oped. Although this prevetting process signifi-
cantly reduces fiber counts dunng 2pplications,
the method does not yet lend itself to volume
spraying as done tn the United States,

Progress has been made in developing effec.
tive means of enclosing areas during spray appli-
cation (Figures § to 10). Several contractors
have custom-designed cunvas or reinforced plas.
tic tarpaulins with various flaps and inzerlock-

ing closure devices. Wooden frames covered:

with reinforced plastic are in use. Not anly
must the perimeter be enclosed, but tie stair-
wells and elevator shafts must be sexled 1o pre-
vent the stack efiect from carrving dust and
fiver to le outside almosphiere, Sume rathicr
unique ways have been developed for enclosing
outside spandrels and cclumns prior (o sprayv.
ing. Since the desizn of buildings mav diiter
widely, methods for enclosing must be idividu-
ally tailored for a particular structure. To elimi-

- nate the need for temporary enclosure of build-

ings, some contractors are rescheduling the
spray application to permit prior erection of
curtain walls and glazing of the windew open-
ings.

Enclosure with canvas and plasiic has mark-
edly improved since enzctment of morz stiin-

" gent regulations. Ambient air samples token

near spray job sites that have bzen enclosed by
means of nawer metheds have shoivn that ex-
cellent containment is pussible. Asbestos fiber
emissions from properly enclosed spray opera-
tions were not detected with the light micro-
scope. Eiectron mniicroscope examinziion of
samples is currently under way to determine if
the spray process adds sivnitizanthy 1o the as.

bestos fiber background level in ambient air. In

Himited studies, it did nots Enclosirs corpiry
however, siill Las rot solved the protien: or

wind erosion during the intenval beiwesn com-

-
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Figure 5. Fioor of building after spray aprlication.
Note piles of waste asbestos-comaining matenals and
flapping tarpaulins, inadequately sccursd.
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Figure 6. Multistory buwiding 1nadequately en-
closed with caavas, Note openinas whese tarpuliing
have not been secured.

piction of spray and erection of “skin™ or cur-
tain wall. Architectural swureness of this prob-
lem may permit desizgn of future mulistory
buildings to ensure crection of curtain wlis be-
fore epray fAireproofing is applied. Scheduling s
no simple matter, however, snd this muy be
very diicult.
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Work Pructices

It 1s our conclusien that much c2n e done
to reduce dust by the indwsdual werliaun on
the job. in his evervdwy hurdiing ol be sprey
natenl. Metheds of opsrinz, empiving, and
stacking ougs, proper mizthods of using end &d-
justing the nozzle. wnd mcihods of pin
protection are importani. Allention 1o seen:
ly small details by the worker are mypornznt,
and these should be the object of training and
education programs. The sprayed mineral fiber
manufacturers association has prepared a book-
let outlining such improved work practices. Too
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Figure 7. Wind cnd wezther damage to enciosure
canvas.
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[izure 9. Custom-fabricated tarpaulins for building
enclosure. Note tonzues and tie-downs to preévent ma-
terials f;om dropping along the side of the building.
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Fizure 10, Where a long spun exists between col-
umps, the larpauling must be securely fastened at the
hottom to present flapping in the wind.

riuch retiznce chould not be placed, however,
oil diligence and training of individual work-
men. We Lave found that work crews are incon-
-tant, with inexperienced men ofien added as
ihe voimme of woik increases. These men. at
other times. do plastering, and spraving of in-
senitran may be only intermittent employment
for them, Few contractors employ a constant
vk fosees wnd apprenticeship programs have
eencent and fragmentary, where they exist,
iy couniry.

Pather, edication will have to be a constans,
ctegainz ativer and often the responsibility of

leema s L -
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the supervisor or foreman. His task, however,
should also be lichtened by the developrent of
procedures which do not deperd upon work-
nuin cooperatton, skill. knowicdye, training. or
dedication to sefzty. Eliminztion of bazards
should be built into the werl. procedure! Guer-
wise, if any thing can go wrong.at well iway and
the price of ladure 15 unaceepiable,

This is not (o say that the onesite opgrations
of the workman are not important; of course,
they are. One ar2z 1a which no plannad pro-
gram, however effective in principle, can be suc-
cessful without workman cooperation and un-
derstanding 1s housckeeping. In our studies. we
found that quantities of waste sprayed minera]
fiber are still allowed 10 remain on the floors,
ledges, and nearby equipment (Figures 11 to
13). Asbestos-containing waste is often tracked

underfoot on a_coastruction site for mazny

months. In ome cases, baczuse of peer heuse-
keeping, waste [ibrous material is allowzd to re-
main in ventilating ducts and dropped ceilings
to contribute to lifetime contamination of the
structure, .
Experimentsl work is now under way to re-
design existing commercial vacuum cleaners to
permit their use in construction clearup. Wet
pickup of large volumes of material and collec-
tion in disposable bags are two features which

- must be included in a redesigned unit (Figures
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Figure 11, Asbestos-coniiamme waste cliowed te e,

main i bmated access apcas oad vontilving §ote of
complated baildu., .
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14 and 15). To reduce the number of men ex-
posed and to fucilitate easy cleunup. several of
the generul contractoers have begen &t program
of carefully planned work schedules, The men
and material of other trades are kept off the
floor until the spray and cleanup are completed
(Figure 10).

Respirator Protection

Personal protection of the workers applying
the spray material is an area that needs consid-
erable attention. We found that many men ap-
plying sprayed minezal fiber containing asbestos
did not wear any personal respiratory protec-
tive device. A very few wore disposable respira-
tors, and a few wore more conventional types.
Prior to 1970, all disposable recpirators avail-
able on the market were totully unsuitzble for
this specific use.

Progress being made in development of new
respiratory protective devices is indeed encour-
aging. Many monior manvfacturers of such pro-
tective devices will probably have an efreciive
disposable unit available somerime during 1971.
It is hopad that a device of this type will have
an oveiall efficiency great enough to adequately
protect many men working in the general area
of the spray operation although no! near the
spraying itself, nor within the spizy enclosure.

1
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Firme 120 roor Losenepang. i isbesion
Sprav material covering condun bea vioee other cragts
2y wark weeks or months ater.
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Figure 13. Uncovered preces of eqmpment ieit on
the floor duting spray application collect debris from
the spray operation.
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Frgme 13, Waste imatenat stiotia be pivied up and
packaged in tightly closed contairzrs.

Nevertheless, because of ilic high fiber counts,
100 ffec, a conventional liMter-iype respirator
will not provide adeguate prawestion for the
worker haudling the spray nozrle or for other
workers in the enclosure. In such azeus. some
tvpe of supplied air respirator must be used.
The chief fuult of wany of L2 availubie sup-
plicd air umits is their bulk. Here aguin, great
progress s being imade i the dovelepment of

- smabi behecarried units (Figure 17) A quick

fovk ot the fiber counts B vt moas at or
near the spray aperation peitis the need for
mandatery  ciiectve roipiratosy protction.
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Fizure 13. Waste mnatenzl being transported to des-
ignan.d lundiil arzzs in covered trucks with packages
sccured to prevent thie spread of material through
streels and roads.

Two steps are essentiai to speed the use of res-
piratory proteciion in the spray insulation
trade: (1) a device more acceptable from 2
standpoint of worker comfort and (2) a massive
educationdl program among these workers.

Discussion
Investigation of the sprayed mineral fiber in-
dusiry indicates an important asbestos hazard

exists for workimen employed in this trade. It is
too carly to tell how severe the death toll will

- - pops oo
;
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3
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I

Pevare 16, Cadoced ereas should be cppropnately
Poda provent oaibier trades trom entenng the area
Cspraved.
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be-few men have reached twenty vears from
onset of work—but of \'oung men who have

ecn regularky emplosad 1 cpreviig asbastos
containing insulation maierials 1oy posacle
that 2 majority wil die oi csbestos discus?, ine
cluding lung cancer. pleural and pcnloncﬂ iese
otlichoma, and ash:stosis. Our studiss ndicate
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Figure 17. Bu.:u;- the spray Jppln.alor; LiT sub-
jected to high concentrations ol asbustos fibers. some
type of air filirarion or supplied wir respirator is nocos-
sary. A prototype of the Burzess filiered air respirator.

‘that they have been exposed to asbestos dust

levels othenvise seldom seen nowadays in the
asbestos industry,

An equully unccceptable hazurd may exist
for other construction workmen, exposed on
construction sites to dusts derived from spray-
ing operations. While such indirect occupational
exposure s intvimiitent, it iy sid ar Jevels
found in aother tades to have high risk. Unior-
tunately, intemiitient hign paak expostizs may
catry the potential ol scrnnts diseasy twemiy,

thirty or mwre yeurs luter. Phe inhaled libers
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become lodged in the Jung. Once in sicu, the fi-
bers continue to exert their ¢ffect on contigu-
ous tissue; while the individust may be spared
further exposure, his lung and other tissues zre
not, Construction trades workmen emploved in
buildings in which spraying of asbestos fiber in-
sulztion was done should be considered to have
been subject to asbestos exposure and risk. In-
formation is inadequate to predict the magni-
tude of this risk; it may be considerable,

Such occupational hazards are intolerable,
and it is evident that they will not be permit-
ted. In addition to efforts by regulatory agen-
cies mentioned before, construction unions,
too, have taken steps to protect their members.
Work stoppages have occurred in New Yoik
City, Westchester County, and elsewhere, with
men in various trades refusing to work during
spray operations, If administrative regulation is
unavailable or ineffective, sell-regulation by la-
bor and employers in the construction trades
may be substituted.

Our studies suggest that the occupational
hazard associated with spraying of asbestos in-
sulation can be minimized or eliminated by
sujtable industry procedures. Such controls, as
noted, will be expensive for the sprayed fire-
proofing industry; the burden in the competa-
tive market place may make the product and
process uneconomical, to give way to other
means of fireproofing and insulating. Should
this occur, it will simply mean that the health
of workmen must be considered in weighing the
cost of work done. On some scaies, as this one,
health will weigh heavily.

The alternative to controls will be banning
the spraying of asbestos materials. While, as a
genzral rule, control of environmental hazards

- seems preferable, if control measures are nei

ther feasible nor effective. or if they ure 1gnored
or disrcgarded, banning will be considered.

Note: Since this manuscript was submitted, it
was determined that the existence of the

'N.Y.C. Depurtment of Air Resources had fuiled
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to ensure adequate comphzance feor the centiol
of the spraving of a.bostes minerz! fiter i ula.
tion. Tue New Yeri Citny Courndd! J.pon
bannad ull spraying of ashestus in N.V.CL eliee-
tive February 25, 1972--Locad Law 39,1671,
Air Pollution Cantrol Code, Scstion
1403.2-9.11(B}); enzcted Auzust 23,1471,
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