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My name is Harrison B. Rhodes and [ am speaking on behalf of the
Union Carbide Corporation where I hold the position of Technology Manager in
the "Calidria" Asbestos Department. My education is in the field of Chemical
Engineering where I hold the degree of Or. of Sciéﬁce from Columbia University.
For the past four years my assignment has been in the area of asbestos health
and regulatory matters and has also included research on monitoring techniques.
I am currently serving the Asbestos Information Association/North America as

Chairman of the Standards and Technical Committee.

Union Carbide Corporation has been actively engaged, since 1963, in
the mining and milling of asbestos ore at facilities in central California.
The asbestos fiber produced is marketed throughout the United States and in
many foreign countries. One of the principal applications for this asbestos in
this country has been in tape-joint compounds. We do not ourselves manufacture
such compounds, however, nor do we manufacture any other asbestos-containing
finished products.

As the Commissioners are well aware, there has been a tremendous

flood of "paper" generated in reltation to the asbestos regulatory matters
under consideration here. We believe that several crucial issues have'been
lost in the flood and would like to take the opportunity today to address
these issues, as follows:

1. A look at all of the commercial and consumer exposure data
available today including some recent consumer tests and also
some OSHA compliance inspection results.

2. An eiamination of the risk estimation model proposed by
Dr. Bayard of the CPSC staff in terms of actual consumer

exposure.
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3. A discussion of the elimination or reduction of unreasonable

risk of injury as required by the statute and the absolute

zero risk regulatory approach that is advocated by the
petitioners.

4. The direction of your attention to the fact that "asbestos"

of one type or another is present throughout the air, water
and earth of this planet and the overwhelming consequences of
a ban of ubiquitous material such as this without a precise
definition of what is banned, a well specified gnalytica]
procedure, and some allowable levels other than zero.

5. The presentation of a suggested alternative approach to

protect the consumer from unreasonable risk of injury which
is more realistic, more workable and more enforceable than
the proposed total ban.

It should be emphasized that this discussion will deal directly with,
and be presented, in terms of tape-joint compounds. Spackling compounds are
similar in composition and use, but are applied in so much smaller amounts
that the potential for significant exposure is virtually non-existent.
Emberizing kits are outside the field of our expertise and will not be
considered.

Gypsum wallboard was developed around 1880-1900. It did not come
into wide usage until World War Il when the need for houses and other buildings
made this quicker, less complex construction method very popular. Usage has
grown substantial]} since that time and drywall construction is now used in a
majority of residential construction and in a wide variety of commercial and
public buildings. Initially, ordinary plaster was used to embed and cover the

tape to make the joint between the boards, but in the mid 40's specially formulated
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© dry mixtures with casein as the binder were introduced. These mixtures

typically contained 10-15% asbestos. We have been told that the plaster of
that time aiso contained asbestos.

Ready-mix, i.e., wet compounds or mud were introduced in the mid 50's
and were in broad general use by 1960. The asbestos content of muds in general
dropped during the 70's to approximately the range of 2-7%. Tape-joint compounds
containing asbestos have thus been in widespread use for 30-35 years. Over the
first 15 years of this period the main material used was provided dry and con-
tained relatively high levels of asbestos, i.e., 10-15%.

The Commission's consultant, A. T. Kearney, Inc., estimates that
today's annual value of shipments of patching compounds is 80 million dollars.
At an average price of $S4.50 per can. This is equivalent to about 18 million
cans. The formulations we have seen cost about 20-30¢ more per can in raw material
costs to replace asbestos so that the added burden, just to cover raw materié]s
cost is about 4.5 million dollars annually. This cost, plus any percentage
markups used, would be added to the cost of the structure and would carry the
normal financing charges over the life of the indebtedness. It should also
be noted that about 10,000 tons per year of asbestos with a product value of
about one million dollars were used in this application prior to the decline
that has resulted from actions of a variety of governmental agencies. We
believe that the total of 5.5 million dollars annually presents a reasonably
reliable minimum estimate of the direct economic effects of the replacement of
asbestos in tape-joint compounds. The added effect of the poagr performance
of many of the asbéstos—free muds has not been considered.

In the assessment of the risk that needs to be related to this cost
burden, it is important to have a reliable estimate of the level of consumer

exposure. All of the available information on exposure has been assembled and



-4

" js documented and discussed in detail in an Appendix to this presentation which
will be submitted prior to the August 29, 1977, deadline for written comments.
Only the key results will be summarized here.

The data presented are contained in five reports:

1. The tests conducted by Rohl et al(1) at one location in New York, NY.
This is the data cited by the petitioners.

2. A survey of a variety of sanding conditions made by Rhodes and
Inga1ls(2) and cited extensively by the Asbestos Information
Association/North America in their response to the petition.

3. Data from State and Federal OSHA compliance inspections com-
piled by Equitable Environmental Health Incorporated as part
of a study of asbestos exposure in the construction industry.

4. A report submitted to the CPSC by Union Carbide Corporation on
July 14, 1977, covering consumer exposure during a typical

spackling and a moderate size drywall installation operation.

5. A study by Union Carbide Corporation which has just been
finished on another consumer installation of drywall in a
large room including the ceiling.
The results of this survey are summarized in the two figures you
are now receiving. Figure 1 shows along the vertical axis, the airborne
asbestos concentration, in fibers per cubic centimeter longer than 5 micrometers,
that occurred in the breathing zone of the operator during the sanding opera-
tion. Usually a nymber of samples were collected at each location. The dark
bar shows the range of concentrations found with the arithmetic average of

all samples indicated by the arrow.

1. Rohl et al, Science, Volume 189, August 15, 1975, p. 552.

2. G.D.C.I. Drywall, January/February 1976.
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The data on the left are those of Roh] et al that were cited in
support of the petition. These were obtained in one test in New York City.
Note that an exposure of 20 fibers/cc for four days was used by Dr. Bayard in
his projection of risk to be discussed later.

The next group of results were obtained by the Union Carbide Corpora-
tion in a survey of commercial operations in eight different cities. Results
range from about 0.2 to 3 fibers/cc. These fiber counts have been spot checked
“blind" by two other laboratories. The EEH and OSHA compliance data shown
next fall in the same range as those of Union Carbide.

The consumer-use data are shown on the far right. The first case
is for extensive spackling and the installation of three panels of drywall.

The second is for three walls and the ceiling of a large Lasement recreation
room. This latter mud contained 2.6% asbestos by weight on a dry basis.
Exposures in these tests were only 0.2 to 1.0 fibers/cc »>5u, which correspond
roughly to the lower end of the range found for commercial use.

Two other operations in tape-joint installation present the possibility
of exposure to free-form asbestos fiber, the addition of dry powder product to
water and the cleanup after sanding. Data for these operations are shown in
Figure 2. Here, in order to get the Rohl et al data on the graph it was nec-
essary to run the scale from zero to sixty instead of zero to twenty as in the
previous figure. Otherwise the graph follovis the same format and shows a very
similar pattern. The Rohl et al data are far higher than the OSHA results and
the consumer values are below or in the lower end of the range found for
commercial use. '

It is very important to understand that all of the concentrations shown
occurred during the active pursuit of the particular operation, i.e., sanding,
wet-out, or cleanup. These operations generally take place for a moderate portion

. of the day with concentrations at much lower values for the rest of the 8 hour
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‘period. Eight-hour time-weighted average exposures were calculated for the two
consumer installations and the highest exposure found was 0.2 fiber/cc >5u for
two days while asbestos-containing dust was being generated.
One of your staff members, Dr. Stephen Bayard, has developed a mode1(])
to estimate the risk of respiratory cancer from low level exposure to asbestos
from taping compounds. This model is patterned on that described in a paper by
Enterline and Henderson(z) except that Dr. Bayard has made an assumption that the
effect of dose is cumulative. This builds a geometric increase in risk into the
model. We question whether there is any basis for this assumption, but do not
feel that this is an appropriate place to debate the issue. It is of more
interest to use this model, which is heavily biased toward predicting a high risk,
with the highest exposure just noted for consumer use, i.e., 0.2 fiber/cc TWA for
two days of operation.
Following Dr. Bayard's directions in page 3, Part C, of the reference
cited for the highest time-weighted average of 0.2 fibers/cc for two days found
for the consumer applications we obtain an annual exposure of 0.004 fibers/cc
per day for one year, a mean latent period to tumor of 621 years, and zero deaths of
asbestos induced cancer in the 40-year period considered. If the period examined
is extended to 100 years, the number of deaths predicted would be 0.000003 which
1s still far less than a single death. These estimates are probably on the
high side due to assumplions used in the model but since an exposure of 0.004
fibers/cc is indistinguishable from background, the values found not unreasonable.
It is also instructive to point out that if we assume an exposure
of 5 fibers/cc for.two full 8-hour days, which is well above that found in commercial
use, the yearly rate becomes 0.1 fiber/cc. This yields a median time to tumor
of 212.5 years and an asbestos induced cancer estimate of 0.02 deaths. We

question whether these are the unreasonable risks referred to in the statute.

1. Memorandum to Dan Clay dated June 3, 1977.

2. Presented at Pinehurst, NC, March 12, 1976.
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Let us now relate this risk to the proposed ban of consumer patching
compounds containing respirable, free-form asbestos under Sections 8 and 9 of

the Consumer Product Safety Act. To quote Section 8:
“Sec. 8. Whenever the Cosmission finds that--
(1) a consumer product is being, or will be, distributed in

comnerce and such consumer product presents an unreasonable risk

of injury; and
(2) no feasible consumer product safety standard under this

Act would adequately protect the public from the unreasonable

risk of injury associated with such product,

the Commission may propose and, in accordance with section 9,
promulgate a rule declaring such product a banned hazardous
product.” (Emphasis added.)

And from Section 9, Paragraph 2 (c):

(2) The Commission shall not promulgate a consumer product
safety rule unless it finds (and includes such finding in the
rule)--

(A} that the rule {including its effective date) is

reasonably necessary to eliminate or reduce an unreasonable

risk of injury associated with such product;

(B) that the promulgation of the rule is in the public
interest; and

(C) 1in the case of a rule declaring the prcduct a banned
hazérdous product, that no feasible consumer product safety
standard under this Act would adequately protect the public

from the unreasonable risk of injury associated with such

product." (Empbasis added.)
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Note particulariy the repeated use of the words "unreasonable risk"

and the requirement to eliminate or reduce unreasonable risk, not to make this

risk zero. The Act makes it quite clear that the intent is not the total
elimination of all risk but of "unreasonable risk" and it delegates to the
Commission the complex and soul-searching problem of deciding what is
"reasonable",
The comments of your own staff on the strength of the evidence used
to support the ban is well summarized by three short quotations from the record:
"The petitioners believe that high quantities of asbestos
fibers remain in the air after these products are sanded and
the fibers substantially increase the risk of mesothelioma and
lung cancer." (1)
"The petitioners have addressed problems which arise from
being exposed to asbestos fibers occupationally and environ-

mentally. However, they have not cited any concrete evidence

of the hazard which is tied directly to the products for which

they seek a ban. It merely cited the fact that these products
do contain asbestos fibers and they have cited the fact that
asbestos fibers in other situaticns have been linked to lung

disease. Ve question whether the evidence presented in the

petition is sufficient to show that these substances may cause

substantial personal injury or substantial illness during or as

a proximate result of any customary or reasonably forcsceable

handling or use." (Emphasis addcd.)(z)

(1) CFR, Vol. 42, No. 146 - Friday, July 29, 1977 p. 38790.

(2) Letter of July 11, 1976, from Charles M. Jacobson, BCMI to Francine Shacter,
TAD, OSCA.
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"The instances of single or short-term exposure to asbestos
cited in the petition can be taken as evidence of a possible
(but not necessarily probable) cause-effect relationship. How-

ever, by themselves, they would not stand up to statistical

scrutiny in predicting a correlation between brief exposure to

asbestos and the later development of cancer caused by such

(3) (

exposure. " Emphasis added.)

Substantial evidence has been presented here that the commercial
use data upon which the petitioners based their allegations is substantially
higher than that of all other investigators (including OSHA compliance inspec-
tions). It has also been shown that consumer exposures are low, of short
duration, and when averaged over a year or more are not distinguishable from
ambient background. We know of no evidence that such casual, lTow exposure
represents any hazard so that the question becomes one of a banning action
based on the existence of a possible, but not proven risk, which if it exists
at all differs only slightly from zero.

You are probably aware, that this guestion of the regulation of
carcinogens is a major issue today before virtually all of the governmental
regulatory agencies. The FDA saccharin ban has rececived wide publicity and
OSHA is deeply involved with a propocsal for a generic regulation approach to
carcinogens and hearings on benzene are now in progress. All of this activity
does not help to find answers to our immediate problem, but we are at least
in good company.

The problem we face originates in the so-called "one-hit" theory of

carcinogenisis. In simplest outline, this theory holds that:

(3) Briefing Package, February 2, 1977, presented to the Commission by
Fracine Shacter,
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1. A single molecule of a carcinogen is capable of causing cancer
in a particularly susceptible person,

2. If enough people are exposed, the susceptible person (or small
number of such persons) will contract cancer.

J. It follows, therefore, that there is no absolutely safe or zero
risk level for a carcinogen and such a material should, depend-
ing on the statutory authority of the agency involved, be banned,
severely restricted, replaced, controlled to the limits of
detection, etc.

It is useful to examine this theory in the light of where there is
general agreement and where responsible opinions diverge. e believe that
virtually all medical authorities would agree:

1. That there is a wide range of dosages for a carcinogen where a
dose-response relationship exists. The larger the dose, the
greater percentage of these exposed contract cancer and vice
versa.

2. In exposed populations, even at substantial exposure levels,
large proportions of those exposed do not contract cancer.

3. As the dosage goes down the average time to the appearance of
a tumor increases. This principle was illustrated by the

extrapolation formula of Enterline and the Bayard modification

discussed previously.

The medical disagreement occurs over what happens as the dosage is
decreased to very low levels. There is one school of thought, and this is
embraced by most of the regulatory agencies, that no complietely safe level exists.

There are other responsible authorities who contend that a dosage level is
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reached where the body's defense mechanisms can effectively combat the altered
cells and a cancerous growth does not occur. Supporters of this position cite
the low level presence of certain metals and hormones that are essential to the
human body in trace amounts but at higher levels are carcinogens.
Unfortunately, there is no way to demonstrate the correctness of
either view since there is a background level of cancer in both man and
experimental animal. As the dosage and the corresponding number of cancers
decreases one point of view is that the occasional cancer from the specific
agent still occurs but cannot be distinguished from the background while
the other is that the added cases do not occur. These views can be partially
resolved with the model of Enterline discussed previously, i.e., a very low
exposure may cause a cancer but the time to tumor is 150 years for example.
With gn expected 1ife span of 70 years this, for all practical purposes is
a safe threshold exposure, at least until 1ife expectancy approaches 150 years.
Since there is no provable scientific answer to this risk question, we are
really loft with a socio-political rather than a scientific decision to consider.
The fundamental question, then, is whether a total absence of risk
approach to regulation is appropriate or more particularly will be acceptable
to society. In our lives we undergo a succession of risks, some knowingly and
some unknowingly. The American people have always indicated a willingness to
take risks as evidenced by such things as the widespread use of the automobile,
smoking, alcohol, improper diet, and even the home as it is today. We believe
that the zero risk concept, when it begins to impact on jobs and the way of
1ife of a substantial number of pcople will not be acceptable and will have to
be modified to balance risks against benefits in a realistic fashion. This
sort of balance rather than regulation by cliche, “its a carcinogen so ban it",

should be applied here. The benefits from the continued use of asbestos in



tape-joint compounds is substantial and the risk is either zero or so small
it cannot be distinguished from zero.

This finishes the risk-benefit discussion and I would like to con-
clude this presentation by pointing out certain pfaétical aspects of enforce-
ment of the ban as presently proposed in the Federal Register. These questions
were discussed at great Tength, and generally were not solved, at the recent
meeting in Gaithersburg, MD, conducted by the National Bureau of Standards.
Since several members of your staff were present at this meeting, they will

only be indicated briefly.

Since the promulgation of the OSHA asbestos requlations in 1972
there has been a continuing debate on what is asbestos and what i$ an asbestos

fiber. Asbestos, when parrowly defined, in a way that will satisfy the most

precise minerologists is ubiquitous in the atmosphere although generally it
occurs at very low, but not zero, concentrations. When the definition is
broadened to include all amphibole chips which are longer than 5 microns and
have a length to diameter ratio greater than 3, you approach a condition aptly
described by Dr. Malcom Ross of the U.5. Geological Survey at the MBS meeting
Just mentioned, of "shutting down the face of the earth”. Particles of this
type are everywhere and would contaminate any product containing a mineral.

The EPA faced this probiem in 1973 in writing emission standards for
the spraying of asbestos-containing products and decided to treat it by setting
a 1% by weight maximum 1imit. Their reasoning was as follows:

"The intent of the 1-percent limit is to ban the use

of materials which contain significant quantitics of asbestos,

but to allow Lhe use of materials which would: (1) Contain

trace amounts of asbestos which occur in numerous natural

substances, and (2) include very small quantities of asbestos

(Yess than 1 percent) added to enhance the material's effectiveness.(])"

1. CFR, Volume 38, No. 66 - Friday, April 6, 1977, p. 8821.
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In order for any action by the Commission to be workable and

enforceable it is absolutely essential that you provide a definition of

"asbestos" which states exactly what mineral species and what form of these

species are included and specify what particle dimensions constitute an

asbestos "fiber". The present definition in the proposal could be appliied

to the rock that covers much of the surface of the earth. In addition, an

analytical procedure and the levels of "impurities" that are acceptable, as

measured by this procedure, must be specified. Without the practical defini-

tions the ban is virtually universal and completely unworkable.

To conclude this discussion, I would like to summarize the Union

Carbide position and expand on the approach presented in my letter of July 14,

1977, which we believe is a reasonable alternative to the ban proposed by the

Commission.

1.

The products under consideration have been in widespread use

for about 35 years and we know of no evidence that any consumer
has ever been harmed by them, HNo "unreasonable risk" to the
consumer has been demonstrated by the petitioners or by the staff.
Consumer exposure data have been presented which show that the

exposures are both low and brief and when averaged ever a year

are not distinguishable from the general background. The

risk from such exposure, if indeed any risk does exist, is
extremely small and is based on the extrapolation of an
unproven and unproveable theory. |

We question whether it is appropriate and whether the Act gives
the Commission the authority to ban a product on the basis of a
hypothetical or theoretical risk or on the basis of an absolute

zero risk requirement.
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4. We do not agree that a reasonable product safety standard
cannet be promulgated to protect the public adequately from

any unreasonable risk and recommend the following approach:

a. Limit the amount of asbestos that can be used in
spackling and taping compounds to two percent by

weight in the dry formulation. This is sufficient

to gain the benefits of the use of asbestos and serves
to limit the potential for exposure. It differs from
the 1% of total formulation including water suggested
previously in that it more closely defines the content
in the final product in the form that it is sanded. It
is also at a level where analysis is more reasonable.

b. Require a warning label including proper work procedures
on all compounds under the jurisdiction of the commission
whether packaged for direct consumer or commercial use
in consumer contact. This turns to good advantage the
widespread public awareness of the possibie potential
hazards of asbestos to encourage that the product be
trecated according to directions and not abused. [t
also gives the user a choice.

Thank you very much for this opportunity to speak to the Commission.
I will be glad Lo answer any questions you may have or to provide any additional

information we have available.
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A MU LDUAT Coobi3b

Union Carbide bas mined asbestos ore and operatcd an ore benefication plant
in California since 1963. Ye market asbestos tibers for industrial applica-
tions, but we do not make any products from asbestos. .
He have provided medical surveillance for our asbestos plant employeces and
conducted aiv monitoring since 1963. Some of our plant arcas are currently
monitored as often as once per month to ensure that our dust control measures
are effective. Safety weetings, posters, and individual censultations are

some of the micans used Lo advise ecmployees of the asbestos health hazard.

The use of salety enuipient is rigidly enforced and cmployees are constantly
reminded of safe procedures and precautions Lo take Lo prescerve their health.
Smoking hos always boeen prohibiled in certain plant areas and has been generally
discouraged by commuticating to employees the apparent connection between an
increase in lung cancer and asbestos workers who smolke. Since Januory 1, 1977,
stioking has been prohibited on all plant property. Hedical surveillance has
included chest X-ray and pulmonory function analysis, and we have recently

added sputum cytoloqgy to our medical progran. QBefore initiating prew rules

ov programs, we thoroaohly diascuse thom with emnloyees. This Tacilitates the
impleaentation of chanees and goaenstrales to our ciployees why we ere making
the changes.  They can then understand our veasons and cooperate with us in
estahlishing a safe working envivonaent,

Qur cusiemer "education” includes mailings and persenal contact throuqgh
meelings, somina s and 2ales calls, 0ur saleswen are thorouchly familiar

with the ashestos health hazard and are avarve of vegulaitovy requivenents,

safe haudling wethods, cic.  Qur bags of asbestoes have carvied a warning

lobhel sirec 1965, four yvears before the Fedevad OSHA standsrds were provui-
geted Lo require thia, air monitering, medicol surveillance, and other safely
meastres. e have provided {ree gir mordtoring {or our cusLomers fur several
years,  This ofLen provides vs with the opportunity to dincuss the asbestos
hiazard end «ifety precavtions wilh our custoser's cnployeces.  We have prepared
boutlets containing infarme-tion related Lo specific applicelions.  These book-
Tets contain general informaiion en the asbestas health hazard, vegulatory
vequirenents, typical sir ranitoring vesults end olber vovianeny dte U0
have also i paren infortevion sor presentation Lo technisal saciety © welings
or any group who i intorested dn the asbestos/health <Lory.  We have 1y cur
files & Tavoe mumber of dfems wivich we send o customers, v including ol

of them with Lhiy decarent, weald wake 10 very volunanous.  The attechod Tist
ol thew 1s escentially complete end the items are availeble for ismdiate
mailina, if <o desived,

The State of California vecently enacted an Occupational Carcinogen, Control
Acl. and asheslos is one of Lhe 16 substances af fected by it.  Tho CAL-0S:HA
hsbestos Standards have loen wodificd to include he provisions of the Act,
which alno provides for a massive education program,  bHe have worked closcly
willh State persoine! 1o develop stendards which ave offeclive and ateo practical
amd enforce ble. e have porticipated heavily v Lhe educalion prosgrain,
"Preventing On=The-Joh-Cancer™, by sevviug on pancls and casisting in work-
shops held al four ditferent California cities in June and July.

Ashostos can be used <afely in essenlially all of its many applicalions. The
ey to safe working and public enviromwents is a Lthorough buowledae of its
potential heelth hozards and how to handle and uze it withoul creating
excessive airborne contamiration,

Prepared by Jobhin b Dyoers, Harhetigq.anaqer
Union Carbide Corporaiicn-tetals ivasion
Hiagara Falla, N - Ausust 29, 1977



INFORMATION AVATLABLE FROM UNION CARBIDC CORPORATIOM

ON_THE HEALTH HAZARDS OF " ASBESTOS AND 1OW TO” USE 1T SAFELY

Haterial Safcty Data Sheet & Typical Chemical & Spectrogrdph1c Analysis of

"Calidria” Asbestos
Testimony by George W. Wright, M.D. before U.S. Dept. of Labor, Occupational Safety

& Health Hearing on Proposed Occupational Asbestos Standard, March 14-17, 1972
Testimony by J. Corbett McDonald, M.D. - same as above
OSHA Regulations
EPA Regulations
"Airborne Asbestos" Mational Research Council, 1971
"Airborne Asbestos”" - Sunmary
"Airborne Ashestos" - References
Asbestos Bulletin {Asbestos Information Committee, London - 9/72)
CIBA CLIGY -~ UK 2/72
QAMA Folder
KWHO Report - 10/72
Dust Counting - S. G. Payer, R. D. Zunmalde, T. A. DBrown - Teb. 1969 (HI10SH/HEM)
Dust Honitoring Fquipment. & Costs - 2/19/73
Instructions for Seupling of Airborne Asbestos Fibers
Procedure for Pump Calilwvation uscd for Honitoring of Ashestos Dust Imissions
AIN - "Protecting the Asboestos Horker
AA - "Asbestns and Heatth"
AIA - "The Asbestos Tnformation Association/Hovth America"
ATA - "Asbeslos and Health Questions and Answers"
ATA - "Uhat Adcbestos Jar How and Vthere it Ts Used"
Al - “thatl tvery Cmplovee Should know Aboul. Ao tos” - 2774
ATA - "A<hecian B Lhe \Ill.nt.]llwl'u"
MA - "Rebeston in Water"
AR - Hotding & Fabrication of Asbestos-Containing Plastic Products, York Praclices
Partnership for Provention - "The Insulation Industry Hyyicne Rescarvch Program”+4/70
Ashestos - Repeint from Hational Safoely News - 10/73
“Ashestos Health Guestion Perplexes Lxperts,” C & B - 12/10/73
D|°IHLC’ on thn Safety of Asbestos - Hoew Scientiast 3/7/74
JLIT - "Chreysotile Ashestos in Plostics”
Asbestos & Silica Dust in the Drywall Industrv. Part 1-lov./Doc. 1975
Asliestos & Silica Dust in the Urywall Industry. Perti 2-Jon./feb. 1076
Detection of Civysotile Ashestos in Airhorne Bust from Thermosetting Resin

' Grindinag - 1975

"Calidrin" Ashestns Dellets
“Calidria” Asbestos RG-244
"Calidria" Ashcstos RG-600
"Calidria"™ Ashcslos T'ellels

!

Health and QSHA Infoviation
Health and O5HA Iolormation
Hoalth and OSHA Tnfgrmation
JLH, "ASLESTOS" - 10/71
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AIRBORNE ASBESTOS FIBER COUNTS
during

CONSUMER INSTALLATION OF DRYWALL IN A LARGE ROOM

Dates Sampled: August 3-11, 1977
Date Reported: August 29, 1977

Samples Collected By: B. L. Incalls
Union Carbide Corporation

Samples Analyzed By: B. L. Ingalls & G. J. Spencer
Union Carbide Corporation

Reported By: H. B, Rhedes
Union Carbide Corpoyation

Union Carbide Corporation
Metals Division
Niagara Falls, Hew York



SUMMARY_AND CONCLUSTONS

Ashestos expocure during and after consumer installation of drywall
for the finishing of a 12' x 24' bascment recreation room was measured,
Nineteen pancls of wallboard, each 4' x 8', were required to cover three walls
and the ceiling of this room. About 80 pounds of ready-mix taping compound,
containing 1.75% by weight asbestos as manufactured and 2.6% by weight when dry,
was used.

Personal and area samples were collected throughout the installation,
using 0.5y porosity Fillipore filter and precalibrated MSA pumps. The filters
were mounted and counted by optical phase contrast microscopy in accordance with
the latest, Parch 30, 1977, draft of the N10SH method (P&CAti 239).

The maximum ceiling exposure Tor any of the operators was 1.3 f/cc(})
which occurred during cleanup after sanding., Eight-hour, time-weighted average
operator exposures ranged from 0.7 to 0,2 f/cc with an overall averaqge of 0.2 {/cc.

General arca exposure levels did net exceed 0.1 {/cc on an G-hour, time-
weighted averave basis in the work arca (cellar) or 0.02 F/cc in tie living rooii.
A general house survey on the day after the job was compicted showed that all
values were vell below 6.01 f/cc and hed not hoen changed appreciably by the
present installation. It is questicnable whether this is different from the
ambient baclground.

1 iy . . .
(1 f/cc means asbastes fibers having an L/D >3, and >5 micremeters in length,
per cubic centinater of air.



TABLE OF CONTENTS

section Page
OBJLCTIVES | !
TEST LOCATION AND GENERAL PROCEDURE 1
SAPLE COLLECTION 7D FIBER COULTING PROCEDURES 2

PRESCNTATION ALD DISCUSSIGH OF RESULTS

Completion of Studding, Hanging Drywall, and Start of Taping 4
(8/3-8/5/77)

First Sanding, Cicanup, and Application of Firish Coat of 5
Compound (8/6/77)

Second (Final) Sarding and Clearup (8/10/77) 6
Residual Cxpocure After Completion of Installation (8/11/77) 6
Sunziary of Resulls During Drywall Installation 7

CONCLUSIONS 7



LIST OF I'JGURES

1 Sample Locations - Prior to Drywall Installation 8
2 Installation of Drywall Paneling 9
3 Application of Tape and Joint Compound 10
4 Firsthand Sanding of Tape Joint Compound 11
5 Sanding of Finish Coat 12
6 Cleanup After Final Sanding 13

LIST OF TABLLES

lo. Title Page
| Sumssary of Airtorne Fiber Concentrations-Consumer Orywall 14-15

Instolieticn



OBJLCTLYLS
This study had tke Tollowing objectives:

1. To measure asbestos exposure during the consumer installation of
19 panels (4" x 8') of drywall,

2. To measure residual houschold exposure to asbestos after completion
of the drywall installation.

TEST LOCATION f) GERERAL PROCEDURE

The tests were run at a one story, wood and brick, single fauily
dwelling located in Lewiston, Hew York. The house was approximately 20 years
old and accomicdates ~2000 Tt.2 of livivg area. The original conatructicn
utilized plasisrwalls and on knovin subscruent consumar or professional use of
materials capabie of releasing substaniia) quantities of frce-Torm asbestos
fiber had occurrcd.

[n this test, studding was installed over three walls {east, south,
and west) and the ceiling of a 12' x 24" basesient vecreation rovw. Hincteen
4 x 6 panels of 3/8" aypsum hoard were then fitted and nailed into place., The
Joints were Tinished by the following proccowre:

1. Corpound was hand trovelled over all of the joints and the tape
vas enbedded and covered., The nail holes were Tilled in at the
samic time,

2. Vhen the indtial taping had dried, & second ceat of conpound was
aoded and sanded when counletely dry.

3. I'ollowing the sanding, a finish coat of copound was epplicd.
4. Uhen comnletely dry, the finish coat was sanded.

fibout 1-1/72 cans (62.5 1bs. each) of compeund {rud) vere used in this
installation.  The wud was a ready-mix obtained frow Florida felling Hitls, Inc.
of Ft. Lauderdale, Florida. 1t contained 1.75% asbestos by weight as received
and dried to 2,67 by weight,

The drywall Tinishing was dono by a couple whose previous cxperience
+ith drywall had been limited to the patching of 2 single seam in a prior
resicence.  They rocoived intermitient instruction over a peried of about 1-1/2
hours al the start eof the taping from enolher consuner with Tinited experience,
and cannloled the Seb on theiv own. The vork was deone in o wennor that wis
consivered to be reasonably represenlotive of "widdie-ef-the-road” consuicr use.
A1 Guints vere sanded Lo give a good seooth Findsli. Ko «vecific precautions
were tatcn Lo avoid dust during canding and cleanup but deliberate efforts to
create airvborne dust were aiso not made.

The instellation divided naturally inte five steps and both area and
porsonal air saeples were collected to monitor any signilicant generation of
airborne asbestos fiber as Tollnws:



1. The cuspletion of the studding, the hanging of drywall panels,
and start of taping.

2. Cowpletion of the taping and application of the second coat of
compound, (Mo sauples taken.)

3. First sanding, cleanup and application of the finish coat of
conmpound,

4. Sccond sanding and ¢leanup.
5. Residual exposure after completion of installation,

SAMPLE COLLLCTION AND FIBER COUNTING PROCEBURES

The latest draft of the NIOSH cample collection and couuting procedure,
P and CAIY #2530, dated March 30, 1977, was used as the general basis for this
test. Samples were collected on Millipore Filters of 0 Bn porosity using M,S.A.
purps precalibrated at 2 Titers per ninute.

The counling procedure specificd in this draft differs significantly
from earlier editions in that:

1. Substantial chanqes have been made in the selection rule covering
vhich fibers enceuntercd by the reticle are to be inclided in the
count. This largely eliminates systematic bias due to fiber size
distribution,

2. The ltota) ceafficient of variation is expressed as a function of
the Lotal nuiher of fibers counted instead of a single value
arplicable to all situations. A minimgn total count of ten Fibers
is aiso required.

Theso are clearly subetantial dmprovesents tut the wethod sUill has
some serious shartceaings particularly when applicd to situations wiwere airboeree
fiber cancentenbions ore Tow anc/or vhers nos-asbestos particulate material s
preffn' ) foth of these situations exist in the present study ond certain

cfincueals in ihe  precedure have Loon necestcary in order Lo presont the rosults
in the most uederstanczbie and meaningful fachion. It should be ciphasized that
these are additiens to the precedine and are not in conflict with it.

The legal bacis for refincuents te Le described is fourd in the
follewing quotation from P & CAIY 239:

3. Interferences
In an aticanhere Knewn Lo cnntain asbestos, all pnrticu]ntns with
a 1u1th fo diameter ratio of 3 te 1 or greater, and a lvnqrh areater
thon % should, in Lhe aboence ¢ of orher 1v-v1~ﬂt1nn, be considerod

a5 ashostos fibers and counicd as swch.'  (imphasis added.)

(1) See for enampla, "A Peport on the Tibor Cantent of Tichty Industrial Talc
Sauples Ghlained 1ran, and Heing the Procedurcs ol, Lhe Occupationral
Safetly and NMeabth Administration, Bidh, By J977."  This report is one
of the principle veasans For an internatioual cenfornece on the problen
spontored by RS and scheduled for July 16-720, 1977,
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The approach here emphasizes the developnient and use of "other infor-
mation™ Lo obtain the most intelligent assessment of whot is scen through the
microscope.  In this connection it is iwportant to reaiize that optical fiber
counting is not an exact science but an art. [f requires a unique blend of tal-
ent, training, and concentration. An cxperienced counter develops both an "eye®
and a counting rhythm, which permit him to recognize "fibers,” decide which
fibers arc of the apprcpriate type and dimensions to be counted, and Lo move
rapidly from ficld-to-field so the counts do not take an inordinate anount of
time. The objeclive is to provide the experienced operator with a sel of ground
rules to judge between the various types of fiber and put them in certain clazees.

Under phase-contrast illumination, chrysotile asbestos has scire very
distinctive characterislics. It is typically dark appeaving, composed of rondovi-
sized bundics and flesible hair-Tike threads with curvature. Yhen chrysotile
fibers are thort, howover, i.e., 5-10u, they often appear as perfeclly straight,
dark rod-1ike particles.

Fibers of avphibole asbestos are usually targer in diameter Lhan
chrysotile ond wore rigid and rod-1ike in appearance.  They can, hewever, break
down into very fire rcedle-1ike material. With the exception of crocidolite,
the amphiboles also can contain prismatic crystals vhich usually have the
appearance of chips.  The amphiboles norwally refract 1ight differently than
chrysntile nder phase contrast and appear brichter. fis particle size cecrcaces,
however, light refraction and conirast are disinished ocd the puriicie will
appear derber and less definitive. At this size it cannnt be distinguished
from chrysctile fibers of similar dimensions.

In addition to the three kinds of “fibher® jusl de=cribed, i.c.,
chrysotile, cunhibole fibers and chips and nalevial Lhal Jooks Tike the caphnd -
boles, particles are frequently encountered that mcet the HIQLH fiver el in-
ition of L/ >3, L »%u, but are obvicusly not asbestos in eny form. fhese
include such thines a2« fiberglass "poles,” sowe clay and nice jariicics, organic
fibers, avd Vinear waglomerates of nonfibreus vaterial.

Cn the bacis of the optical characterislics discussed tespercd with
broad operator experience with a wide vericty of Lnown perticulate waterials,
filber coun's at this laboratory are mede and reported in Lhe catesories de-
scribed helow. Matericl which i¢ obvionsly net ashesies is not counted even

though it recis The L0723, L by oriteria,

1. Chiysotile asbestns - Any fiber having an L/D >3 end @ Tength
>hy that is, In tha operator's judgecni, chryeotile.  jp the
cveni. of daipt, any filer having the prorcr divensions end dark

aded as chrysolile.  Cn this bosis, the

appoarance wiii be ine
shotrt, davle amphitele Fibers, viiere presenl, would he reported
as chrysotilc.

2. Pocsible anphibole - Any fiber of the appropricle divensions

That 78 nal judyed to b chrysolile aud fo net obvicusly

malerial other than asbhestes. This would include atl aiphi-
bolcs ond materials similay in appearance.

In this approach, all doubts are resolved in fovor of including
particles as cheveatile or awphiiboic Ho it i Riascd Lo aive a hluh.count for
all possible “asbestos" particles without waslking results Ly including
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particulate that is neither asbestos nor fibrous. 1t 15 backed by counter
experience cained in approximately 250 on-Site sanple collections and the
counting of aver 14060 Filtters. A photo Yibrary and @ vererence sawble
collection of a wide variety of known naterials which contlain awphibnle or
aphibole-like materials are raintained. It falls within the "other infor-
mation" allowed in the KIOSH procedure.

The other counting praoblem encountered relates to the very low air-
borne asbestns concentirations found in most of the sanples. The NIOSH procedure
sels an optivun Tiber density on the filter of 50 to 100 fibers per 100 viewing
ficlds and states a minimuw density of 10 fibars/100 fields. Within these Yimits
the method is clained Lo be annlicable to a concentration range of 0.1 Lo 60
fibers/cc with a total coefficient of variation of 0.24 - 0.36.

The validity of these claims, particularly with re¢ara to accuracy,
is a subject of considerable controversy at this time. The discussion of this
question is well beyond the scope of this study. Tor the present work, sampie
times were adiusted, vithin the THiits set by the nature of the operation, Lo
derosit the proper density of fiter on the Tilter. Vhevre this was not possibie,
additional fields were counted in dncrerentz of 1645 fields, until i minimun
of 10 Fibere was achicved or a minditan of 500 Tields were couynied.  Separate
recults for rhr"ﬂotiif and possible ampiibole are repertod et values rounded
to the noreest signiticent figurn. Fibers/100 fields ond the total puabior of
ficlds counted avg elen shown in atl cases Lo provide rinre complete iniormation.

PRESENTATIC ! A DISCHSSTC O CFSULTS

M deteiled ]1<t1nq of 211 samples taken 1nc]ud1rg 1ac auxon, operation
tested, cnllection Liie, and counting rosults is prLVlUOn in Table 1. In this
seckien thesze airvborne fihcr counts will be related to tho corresponding drywall
installatiren otep. The coiling and eighi-hour, tine-veightoc average exposures
for the consumers involved are describod.

Corpleiion of Siwldding, Hanging Deeeell, and Stavt of Tepivn (£/3/77, &/4/77,

875 7//!

Ficures 1{)(¢) and 2 show various siaaes in the hanging of the 19
cheets of aynsuw honrd,  Seven of Lhie 19 shcets used in ihe CL111LU and four
of the shrote wsed in the walls reouiraed cutting and tricwing in varying
amounts Lo cohieve weecor fit. Tiaires 3la). (B), and (¢) continue the job
{lrough the anelication of the tepe and the second coat of corpound over both
the tape and Uie na1] ieads.

Arca air sermlns vere collected on &72/77 in tie living room (see
Ficne 1a) and the collar (ace Tigques Hb)Y and 1{c)) prior to the use of
the mod. Personal sareles were then eollected on both opcrators during the
start of the Lepine,  Anoavea and o personal sarple were coilected in Lhe
cellar on tae doliceing doy (874777 white a <incle cperator completed the
firsl installation of compound, Mo samples were taken on £/5/77 when the
second coat of congound was applied.

The {iber coune resulis are sumaarized in Takle T and include samples
H-72, D-52, -3, 3-2, =53, aml =70, The upstairs arca saiple s Jherered a
cancenivation of 0,004 i/(c gTgr to the use of the compoun. 1&n~|.1uh~
value found in the vorling area was 0.3 §/c¢ Tor Oparator &l dinving tapinig.
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Both operatars were in the arca about 11-1/2 hours on 8/3/77 but time-

wvoighted average (TWA) exposures have been bascd on 8 hours (480 winutes) in
aceordance viith HIOSIH procedures as folluws:

e e ettt

ran = L6000 + (81)(0.28) g 15 g/cc

A

Cpeaator {2

y Q) + (84 )

A = <60/)(0-“L)th(£')ﬁp;lgfl.: 0.12 f/cc
480

The cempletion of the initial taping on 874777 teok Cperator &

~
™2

a

Tittle over rfour heurs. At that peint he Jeft the house. Coth the personal
and area sarples during this step weve 0.02 /cc so thal his acteal TUA

exposure viould be:

(-

TUA = ‘(‘L""'AL)»E(IKE'&)' = 0.01 f/cc

I€ he had elected to remain the rest of the day in the wvork avea in

the cellar, his T8A would not have exceeded (.02 f/cc.

No <arples vere taken while the second coat of compeund wes appliea

ot &/5/77. The caiplieied jeb is shewn in Figure 3(d). HMNote that the joints
arc covered witi corpound Tor a width of a foui or more.

First Sand i, Cleeno, snd Applicetion f Finich Coat of Conpound, &/G6/77

SRR

ATLer the sccond coat of compound was dry, the juints and the covercs
heads vere band sanded swasth using TG coit peper eounted on 2 sanding

block. Thiu operatincn is sheem in Figure 4{ad. (), ard {c)}. After comploticn
of sanding, the dust cn the fleor was swept inte piles with a heoow and transferved

viLh

a dusl pan te a bag and deposited with the irash, The syeepinag is shown in

Pigure 1(d). A finish coat of conpount was then applied to all joints and nai’
. : ¢ i v

hieid

r
e

Peisonal sarples were collected in the Lreathing zone of both cperators

during the <onding and subsoquert cloonup,  SHepreate ared samples weee 0150

NI
Gitidd

fnad dering sending and during ciaanup,  Arad samples wore ehtained in Loth

roons (el iar end fivst floer Tiving roem) for tie remaiwder of the day during

the

instaltation of the Tinishing ceat of cowpound,

Relovant sanples hove are =76, M-00, B-14, K-U4, p-16, L-75, h-71,

(-20), =31, and R=10 (Table 1), Personal exposures during sanding rentcd frow

0.5

Lo 0.9 f/7cc and vere 0.7 and 1.3 i/ce Ter epevatlors 2 oand S, respectively,

dacing Cdearmp. The cellar area camples shoved 0.2 7/cc during sandinyg, 0.7

/e

of ¢

ihe

hao i

durine ¢learun, awd dropped 1o én averasge of 0.03 £/cc over Lhe rqmninder
he day.  The lViving room sewple was 0,013 f/ce during Lhe application ol
COWNOUNG,

Operator #2 was present an the house for about 6-1/2 hewrs.  On this

9 his ectual G-hew THA exposure would be:

A = AA8)40.0) 1 (?ﬁ"»).(@.f'?%ouz'.)_(_u.u_sz.:az MI033) . 167 f/ec
' I
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1 9t is asswmed he vemained in the cellar at an exposure of 0,033 {/cc
for the remainder of (Lhe day, the TUA would be 0.172 whilte the remainder of the
day in the Viving room at 0,013 {/cc weuld yield 0.166 f/cc. It is realistic
to round all these values to 0.2 f/cc.

In this same sequence, Operator #3 had 415 minutes accounted for and
was largely in the upstairs arca or out of the house for the 65 winutes needed
to complete & hours, Using the 0.013 f/cc level found for the Tiving room, a
THA of 0.19 f/cc results (vround to 0.2 f/cc).

Sccond (Final) Sanding and Cleanup {£/10/77)

After the finish coat of cowpound was completely dry, it was sanded in
the same nwnner as just described.  This operation is shown in Figure 5 and the
corresponding ¢leanup is shown in Figure 6. The large amount of dust qencrated
is rlea}l/ evident., This cleanup differs {rom Lhe previous ong in that aTter
the dust had been swept into piles, ¢ was taken up with a shop vacuum cleaner
inctcad of a dust pan.

The 17 serples velevant to this operation gre teo numerous to list
individually bui appear in Table 1 [%"CUNU Sﬂ““lL( £l CLUAIUE (87107775 ).
Peirsonal savples during sanding ranged iroa 0.2 Lo 0.9 f/cc and & level of 1.2
f/ce vas Tound during cleanep. This Jatter lelﬁ is potl significanlly different
fror the 1.3 t/ce fomxl in the previous cleanup.

The erea semples in the cellar ranied from 0.1 to 0.5 f/ec diring
sanding amt cleanun and dropped to an average of 0.04 f/cc Tor the reainder of
the day. The Viving rocw shoved a level of 0.02 f/cec thronghout the entire doy.

Operator #7 was present for about tuo hours during this operation, O
thic Lasis, his actual 8-hotr TUA exnocure would be 0,16 f/ee, If i i< assuncid
hie rocsined in the codlar or in the Tiving rocm Tov the versinder of the dey,
his T9%'s veuld ba .19 and 0.17 f/ce, respectively. These all round ofi to
0.2 i/cc.

Operator 2 bad 382 minutes of personal sawnling accounted for and
was in the ¢ ;cdh\ui area of the living rcom for the remainder of the & Lours,
A TEA of 0,17 (ound to 0.2) resulls.,

Bead al Uxeesie Aftor Coanletion of Tretallation (8/11/777)

On the day Tollewing the cospletien ef the drywall .W%t‘]]ﬂtidﬂ the
firet (oo rooss adjacent to the celler enlrance wece cleancd with a houschoid
vacurn cleener. A personal sample wes abtained on the opoyator daring the
cleaning and arca cauples were taken Vor the revainder of the day in the living
Pooe, hitchon, staiveell Lo the cellar, and in the cempdoiod recrcation roow,
The results are Yisted in Table 1 as samples A-72, A-76, Z2-1, A-70, and I'~L6.

The vesults ranged from 0,001 to 0.00G f/cc ana averaned 0.003 f/cc.
Wilthin the likitetions of the method, this is rol differeat fros the velue of
0.004 [/ec for wanple H=7%. It is also in the roge of Lhe acneral background
exposure and the heusehold 15 not beinu subiccled to continned high eiviure

to ashestos as a vesult of this consuiner deywalt s taiativi.
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Sumary of Resulls During Dryvall Installation

The ceiling and eight-hour THA values so far described For Lhe operators
during the various steps in the installation are summarized below, The corresjond-
ing THA values for the cellar and the living room are also shown.

c ?IW 1 ; 6271 8/5/17 8/6/11 8710717 ALV
ompletion ¢ Aot
Studding, fFirst Sonding,
Hanging Completion Second Cleantn Sanding of touse Cleanup
Drywal} of Tape Cont of Finish Coat Finish Loat Ater
—Start Tapirn o __installation - Covpound  of Curponnt_ _ Cleanwp _ _Instatlation
ceiting!™ Tl cotving ma = telling 1A Ceiling T8 Cellt ¥
Persoral g
4
Opevator 81 0.3 0.? - - & - - . - - -
Opeeatone &2 0.1 a.1 0.02 0.01-0.02 w 1.3 0.2 0.9 0.2 - -
Operatoer &3 - - - - w 0.7 0.2 1.2 0.2 0.004 0,001
el
o~
Arca ?;
Collar (Vork Arca) - 0.08 - 0.02 - 0.1 - 0.3 - 0.004
Living Loun - 0.004 - . - 0.0 - 0.02 - 0.9006

{1) Al rrsults caxpressed as flhervs/oe >5u.

-~

The hichest ceiling cxposure for any of Lhe operctors vias 1.2 7/ce
vidch eccurred Guving cleamns, For the tirec days when ashesles-containing cust
generating operalions were in progress, the TUA's for Lhe operators involved
vanged Trem 0.1 to 4.2 {/ce and aversand 0, 2 f/cc. The sanding and cleanup
operations with two peeple working took 2-3 hours

The erea 1VA's in the cellay where the work was being dene ranqod
Trem 0,00 to 0.1 /e dorinog onerations but vas peasurad at 0,008 f/ce Ter the
day affor the dastadistion was conpleied, The Tivivg reos ~hooed the hichelt
valvs of andy 0.0 /¢ during sonding kot recorded cnly 0,004 7/cc hefere andg
0.000 {/cc aiier dhe project.  [1ds ¢loar that thore was noe siqniticant
conlaa'ncbion 6f ke orest of the house during the cpecaticn nor any residual
contarination after it was cuipleted.

COorLinll

Tha daba, as obtained and reported herein, support the folleing
conclusions:

1. Constmar installalior of Mull-reom diyeall panclling with tape-
Joint (tHJIUU!mI centaining anproxiug tnl" 20T ashestos (dry
peighl) gives astoslos erpesires subs land {ally Tees than bodll
Lhe precent OSHA land ued of 1 ffce coibing and 2 /e for an
eight- e, time veighled average and (he pronased siandive of
G f/ce coeiling amd 0.5 Tibers TUAL Thene stendards are designed
Lo protest the vorler for daily exposure fer an enlive \ull ing
Titetime,

2. lonsehold exposures after Lhe installation were substantially
pelow G.01 f/ce and hed net been chosned anprecichly by the
proseni octivitics, Tt is questionsble wiether this ds different
from nalunral backy ound.,
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1 (a) First Floor Living Room - Monitor
Located over Fireplace mantle

1 {(b) Cellar Recreation Room with 1 (¢) Cellar Recreation Room with
with studding in place. South and studding in place. HNorth and East
East walls walls

FIGURE 1




2 (c)

INSTALLATION O DRYWALL PANELING

West wall and ceiling

2 (d)

FIGURE 2

West wall of cellar

fast wall and ceiling
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3 (b)

il holes with

int compound

Covering na

3 (a)
tape jo

L}
—
—
a
a
<
=
c o
o <
o 3
QO
v
€
o O
< o
[ae]

e
[l =
< -
— O
cr
T
- @

a
“« ™
Q ¥
4
G- -
< O

c
O
o~
—

2]
™ O
-
= —
- —
(o]
-~ 3

>
oG S

o
(3]
ja e ]
o =
= -

—
L
o
e—Q
>
— O
o
Q
g 2

el

>
— O
[ eR
~— £

(=]
™M o

FIGURE 3



FIRS] HAND-SANDING UF JAPL=JULNI LUMPOUND

& i
- H
. o8 |
el il
s k{; ‘3
il
?’ \.'.\"\""."‘,;. 24 i i - - T : _
BN P

4 {a) Sanding wall tape-joints 4 (b) Sanding ceiling tape-joints
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4 (c) Oust accumulation after 4 (d) Sweeping after first sanding.
initial sanding

FIGURE 4
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joints
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Sanding ceiling joints
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Sanding wall joints
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FIGURE S
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6 (a) DOust accumulation after

final sanding

Vacuuming after initial
sweeping with broom

6 (c)

Swieeping after final

sanding

6 (b)

FIGURE 6
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