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\ '>The prevalence and condition of asbestos (1332214,) containing Mater'ials
in school facilities was investigated. A randOM saMple of 70 Colorado schools
was selected, representing a broad spectrUM of construction types/ construction
dates, and reModeling projects. Asbestos screening was perforMed
on 177 saMples using a K2 screening test, and analysis by polarized light
Microscopy was perforMed on 165 of these saMples. The Safe Asbestos TreatMent
(SAT) prograM was designed to train personnel to perforM the surveys. Control
Measures and Materials and equipMent were selected with the assistance of
prograM staff. In 41 schools included in the pilot study, 31 had asbestos
containing Materials in at least one location; 10 had sprayed on asbestos
ceilings, It was estiMated that between 63 and 89 percent of Colorado public
schools contained asbestos Materials, The authors reCOMMend: a continuation of
the SAT prograM efforts that would involve educators, school Maintenance
personnel, public health officials, and construction industry personnel, support
of the prograM with written Materials; definition of analysis Methodology;
bidding dOCUMents to specify asbestos treatMent or reMoval jobs; establishMent
of asbestos inforMation centersj and cost analysis surveys for treatMent or
reMoval.<....._______
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ABSTRACT

'!he prinary.'.purpose of the Safe Asbestos Treatrrent Program (SAT) was to
conduct research into the prevalence and condition of asbestos-containing
materials in Colorado public schools and to document the levels of airborne
asbestos in several Colorado public school facilities which contained
sprayed-on asbestos material.

One hundred and thirteen bulk samples were collected from a random sample
population of schools which represented 3.2% of Colorado's public schools.
'!he K2 Asbestos Screening Test gave a negative result for iron and
rragnesium on 12 of the bulk samples collected. Confinnatlonal analysis
on those samples positve by the K2 Test was by polarized light microscopy.
This technique confirned that asbestos was present in 56 of the samples
positve by the K2 Test. At the 95% confidence level, it was esti.m::lted
that betJ..veen 63% to .89% of Colorado's public schools may contain some
tyPe of asbestos materials and that between 10% to 38% may contain
sprayed-on asbestos materials. '!he K2 Test was not reccmnended for use
by school officials because of the high number of false positives and
the use of strong acids as reagents.

Air sanples were taken inside and outside of six Colorado school facilities
with sprayed-on asbestos materials. All samples were analyzed by phase
contrast microscopy and selected samples were analyzed by scanning electron
microscopy (SEM) and transmission electron microscopy coupled to selected
area electron diffraction and energy diSPersive X-ray analysis (TEM-SAED­
EDXA). The levels of airborne asbestos found for the buildings depended
on the analysis technique. Results fran phase contrast yielded concen-::­
trations in the thousandths of a fiber per cubic centirreter of air (flee)
or less. Concentrations determined fran SEM were in the hundredths of a
flcc or less. TEM'7""SAED-EDXAgave. concentrations in the:'. tenths· of an. '..
asbestos flee. When the outside concentrations were sUbtracted from the
respective average concentrations within the .buildings, two schools
showed airborne asbestos levels in the tenths of an asbestos f/cc. TEM­
SAED-EDXA was felt to be the best analytical approach for environmental
asbestos air samples because small fibers were counted and asbestos
fibers were specifically identified.

Prior to conducting the research, a pilot study was carried out in 29
Colorado schools. Through this experience the procedures, methods, and
materials used with the "study sample" were developed and refined. SAT

.Program staff also provided educational sessions and talks on asbestos
for 290 participants primarily fran the construction industry and school
maintenance depart:rrents; .hotJever, school district officials were also
present at these sessions. Two pamphlets and seven newsletters were written
by SAT Program staff. 'Ib date, these materials have been distributed
to approximately 15,000 individuals both in Colorado and throughout the
United States.

, .
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Additionally, SAT Program staff. participated in several rredia:;_events.
'Ihe SAT Prog-ram and staff efforts were broadcasted via local TV (three
Denver stations) and nurrerous radio stations .. Stories were'also_print.ed.
in Denver's two leading newspapers, and articles appeared in virtually
every newspaper in. the State. It is difficult to evaluate the specific
outcomes of media coverage; however, at a minim.nn this type of coverage
served as ~ "awareness building" tool..

An eXtrerrely {X)sitive outcorre of the activities carried out by SAT
Program staff was the degree of interest generated 'arrong the construction
industry. __.:Due .to SAT Program attivities, Colorado nCM has several
contractors who are prepared to conduct· asbestos treatrrent or rerroval work.
'lhis was no menial task, in that years of myth needed to be scrubbed
away and new skills' taught. During the study period, SAT Program staff
responded to 28 requests from contractors involved in asbestos treatrrent
.or rerroval projects'. Presently, these types of requests are received
on a regular basis. '





INToooocrION

The presence of asbestos-containing materials in school buildings

has generated a special concern. A p::lpulation of active students

increases the p::ltential for damage to material, and since students

.spend a large p::lrtion of time in school buildings, exposures could

. be of potentially long duration. Contamination 6f the indoor air in

, school buildings would affect a large number of PeOple including not

only students but instructors, custodians and other support staff.

A major concern is that children wQU1.d be 'exp:>sed early in life leaving

many years for the developne.ntof an asbestos induced cancer.

The pri..rrary purpose of the Safe Asbestos Treatment Program (SAT),

was to conduct research into two areas: (1) the prevalence arid

condition of asbestos-containing material in Colorado public school

buildings, and (2) the levels of airoorne asbestos in selected Colorado

public school facilities with sprayed-on asbestos material.

A stratified random sample of sclXlOls was selected and facilities

were evaluated for the presence of asbestos in building materials. An

assessment of material condition and its potential for fiber release

was made for each building material identified as containing asbestos.

Air samples were taken in selected schools with sprayed-on asbestos

materials and analyzed by three different techniques to detennine air

concentrations of asbestos. Secondary infonration was gidned concerning

analysis techniques used to fulfill the two research directives.

As well as directly identifying the asbestos problems in sane

schools, the program benefitted the school system and general conmmity
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in other ways~ It provided a structure for education of school

personnel, and contractors on asbestos health hazards and proper work

practices. Program services were made.:~available to schools not

included in the random sarrple population. Awareness of the problerrs

associated with asbestos materials was heightened in the carmunity.

This was accanplished through talks to professional organizations,

newspaPer articles, 'IV news coverage, and outreach programs initiated

by SAT Program staff and staff of the .OCCUpational Health and Safety

Section (OHSS) at Colorado State University .(CSU) .. Staff responsible

for the Safe Asbestos Treatinent Program are identified in ApPendix A.





BASIC PR03RAM APProACH

'Ib initiate the Program, objectives and methcds were presented

to area Environmental Protection Agency (EPA) personneL and state level

education administrators. . This accomplished three tasks: it provided

introductions to those whose support and cooperation was necessary to

the project; it facilitated the dissemination of infonnation to

district level superintendents and school personnel; and allowed for

the orderly collection of descriptive material .on Colorado public

school buildings. Infonration obtained fran EPA officials tacquired

. fran their voluntary· mail survey on asbestos material in Colorado

schools), along with Colorado State Department of Education infonnation,

was used to select a stratified. randan sample of Colorado public schools

for research purposes.

Selection of Random Sample

A randan sample of Colorado public schools was chosen with schools

clustered by school districts and stratified based upon the population

of schools within each of five State Department of Education regions

(see Figure 1). School districts and schools were assigned a nmnber,

and these nurrbers were entered. into a canputer which perfonned the

randanized selection procedure.

The total number of schools included in the study fran each region

was directly proportional to the number of schools in the region.

'Ib cluster the sarrple population, all schools were chosen fran one

school district for each of Regions II through V. For Region I three

3
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school districts were used, and thenurrber of schools selected from

each district was proportional to the nurrber of schools within that

.. district.

In this rranner, 41 schools across the state. were chosen. This

represented about 3.2% of all the public schools in Colorado. Table

.t shows the nurrber of schools in each region, and the number of school

districts and schools sampled in each region.. Schools were further

categorized by date of building oonstruction,date .of addition and

rerrodelling jobs, and by grade' levels. Tables depicting the results of

this categorization are presented in Appendix B. The result of the

randomized selection procedure was that each region. was represented
, "

prop::>rtionally in the sample, all grade levels were represented,

and a broad SPectrum of building oonstruction dates and rem:x1elling"

job]da'tes were represented.

TABIE I,

Number of Schools, Number of .school Oistricts, and Number of
Schools Sampled by State Designate;l Region for Colorado, Fall
and Winter 1980.

State .~of

Designated Number School Districts Number of
Region of Schools Sampled Schools Sampled

I 714 3 23 (3.2%)

II 94 1 3 (3.2%)

L"!i{)III 157 1 6 (3.8%)

IV 142 1 4 (2.8%)

V 156 1 5 (3.2%) .

TOI'AL 1,,~63 41 (3.2%)





· ::.6

Interactions .

Interactions with the school personnel and· others fell into three

rrain categories: Erlucatian, service, and research. For school personnel

participating in the study a slide shc:JN and talk followed by a question

and answer period on asbestos.. was conducted. This was follCMed by a

building walk-through in which bulk samples were taken, ma:terial

condition was assessed and an exposure potential calculated. For

selected schools air sampling. procedures were undertaken. Appropriate

control measures were selected by school officials and SAT Program staff.

Infonnation was provided to the schools on materials and equipnent

necessary to inplement the controls.

For school personnel outside of the study and for other groups

interactions varied and dePended on their needs and requests.

Educational Activities

Educational aSPects of the SAT Program were not only directed to

school officials and Personnel but also to ·contractors, other health

and safety professionals, and the general comnunity. Educational

activities conducted are outlined below.

Seminars for School Officials. District officials designated

rrernbers fram~their facilities, maintenance, and administrative

departments to attend. the slide show and talk. In sane school districts

rrernbers. of the local health department and local media were invited to

attend. by school administrators. The talk was followed by a question

and anSwer period. The majority of questions related to proper work

practices, disposal, ,and diseases of asbestos. SAT· Program staff were

able to assist in these areas by directly addressing the question or

referring the party to the proper authorities. Further, talks were





also given to meetings of Erlucational associations. Topics coverErl

in the slide shows and talks are presente::1 in .Appendix C.' One hundrErl

and fifty-four PeOple attended .these sessions. A breakdown by activity

is in Appendix D.

·Information .Folders and' Panphlets. An information folder was

created and given to district officials of sample p::>pulation schools.

The folder containErl four panphlets franfErleral governrrent agencies

(listErl in Appendix E) ,.and.>two :written by SAT Program' staff (see AI;pendix

F). The SAT. Program parrphlet entitled "Asbestos: The. Problem" covers

the history, uses, diseases,' etc., of asbestos. The second. parrphlet,

"Asbestos: Control of Asbestos Hazards - Actions,. Steps and Resources"

includes such items as a step-by-step inspection and assessment

procErlure, laboratories for bulksarnple analysis, .arrlmanufacturers .and

distributors of protective clothing, asbestos vacuums, and wetting. agents.

Fifty of the information folders and 500 additional copies of the

SAT Program parnphletswere distributed to district officials, school

maintenance personnel, members of the building trades, mErlia people,

and other interested parties.

Workshops and Seminars for Construction Industl:y Personnel. Infor­

mation sessions were also given for :rre.mbers of the construction industry

and for professionals in the health and safety fields., These se?sions

were presente::1.for 129 participants (see. "Non-School Organizations,

Appendix D) •

Telephone. Tape. A link to the Colorado Cooperative Extension

Service was establishErlthrough their "Teletips" telephone information

service. A script on "The Facts About Asbestos" was written by SAT~.

Program staff for inclusion in 'the Extension's bank of taped infonnation.
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Eirphasis was placed on what materials might oontain asbestos, how and

where to ve:dfy, and how to handle the materials.

Newsletters. SAT Program staff prodUced seven neNsletters

referencing asbestos and safe asbestos treatment procedures. These

newsletters were distributed via the Construction Health Hazards

Education Program (a program also carried out within the OCcupational

Health and Safety section at COlorado State University). The newsletter

is titled "Action Tips" and is distributed rronthly to some 2000Lindi-

viduals (see ApPendix G for copies of these newsletters) .

News Releases. The staff of COlorado:' State' ..University'..s Cornmuni­

cations~·. center,:distributed:.news::.reieases::"cqncerning the Safe Asbestos

Treatment Program to major Colorado newspaPers and 'IV stations, and the

story was picked up by smaller newspapers and, radio stations throughout

the state. SAT Program staff provided infonnation to rredia people

upon request concerning asbestos hazards, uses, control measures, etc.,

but infonnation specific to a COlorado school or schcxJl district was

not furnished.

Several newspaPer articles, radio news spots, and.'IV neNS inteJ:Views

resulted fran this process. Example media releases are presented in

Appendix H. Total numbers of Persons impacted by state wide or local

media may .have approach the millions.

SeJ:Vice Activities

.Program staff provided serVices to many groups in the camruni.ty

as well as to school groups.

School Building Surveys. A total of 70 schools were surveyed

including the 41 selected in the random sarrple. Bulk sarrples were

analyzed by a screening test by Program staff at CSU facilities. Sarrples





p:>sitive by the K2 screening test were rraile:1 > to a laboratory for
, '

confiJ:roational analysis by p:>larized light inicroscopy. By this

process 177· sanples were analyzed by the K2 screening, test, and 165

samples were further analyzed by polarized light. 'Ihese analyses were

perfonned without charge to the school districts.

Training of School Personnelto.Perfonn Surveys. Some of the

school districts trained people to do the building surveys by utilizing

SAT Program services. By attending e:1ucational sessions, accanpanying

Program staff during building surveys, and by studying the SAT Program

panphlet "Asbestos: Control of Asbestos Hazards - Actions, Steps and

Resources" designate:1 facilities' people were traine:1 to oollect bulk

sarrples and Perfonn assessments in schools not surveyed by SAT Program

staff manbers.

Control Measures and Irrplerrentation. Program staff assisted school

Personnel with the selection of control measures and necessary rraterials

and 'equipnent. Inforrration on rraterials was included in the SAT Program

parrphlet "Asbestos: Control of Asbestos Hazards - Actions, Steps, and

Resources" . Additional infonnation was, provide:1 up:>n request.

Assistance to Contractors and Others. SAT Program staff were

available for technical assistance to contractors and others involved

with asbestos projects. Twenty-eight technical assistance requests were

addressed for general inforrration, 15 on asbestos removal, 13 for asbestos

sampling and analysis, and one concerning substitutes for asbestos.

Research Activities

(A detaile:1 oveIView of research oonducted by SAT Program staff

is presented in the neXt ,t:wo -secUon~~ 9~; 'th;i.-=-s~-.J.:~~ ;';_~:~ES:FJpt~()n '~f
'--- _.._._-~- - -_--:

Research Procedure" and "Research Results and Discussion. ")
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DESCRIPI'ION OF RESEARCH PROCEDURES

The protocol for carrying out this research included:

1. A pilot study to detennine sampling and educational strategies;

2. The selection of the study sample;

3. Developing and delivering educational sessions and materials to

school officials within the study sample;

4. Collecting and analyzing bulk samples;

5. Collecting and analyzing air samPles; ..arid

6. Reporting results to appropriate school officials.

These series of events _basically occurred in the order presented

above. This section will describe in detail each of these events.

Pilot Study

Prior to field work, Program staff reviewed and compiled relevant

existing literature, prl?pared "field" data collection·forms, prePared

program prorrotional materials, and purchased and assembled necessary

"field" equiprrent. Concurrent with these tasks, Program staff contacted

and ITEt with selected individuals· from Colorado'.s State Department of

Education and established working definitions and arrangerrents.

Due to preparations and constructive interactions with state departITEnt

personnel, it was not necessary for SAT Program staff to solicit

pilot study sites. State Departrrent of Education personnel broadcasted the

existence, intent and purposes of the Safe Asbestos Treatrrent Program

throughout the state and in a: very short period of time Program ·staff

beganreceiv±ng requests frain district· superintendehts. to be- included.c..in-~: .:

It>
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the, ·study.' s efforts:~/-iBrogram. :staff, ,.cont.:itlued. \tQ..·~ec~iYe:,tl::l~§~ ".:
I .-J.......... ' \.' '-..1 '''01 \" ... ,' -- - ._~::'~.'

requests throughout the study period and were able to respond to the

rrajori:ty of them. However, for the purposes of a "pilot study" four

school districts were selected. Fran these four districts, :_16 schools

were sm:veyed with a total of 32 bulk sarrples collected and analyzed.

In all cases, an educational session was arranged and delivered prior

to the collection of bulk sanples. These sessions included the district

superintendent, other district level officials, school building prin-

cipals, and building maintenance personnel. Based on experiences <.." ..:
,' .

. in the "pilot study'!: (1) educational presentations and rraterials were

refined, (2) "field" data collection fonns revised, (3) sarrple collection

equi~t and procedures identified and defined, (4) sarrple analysis. ,

procedures defined, and. (5) the format for reporting results established.

In addition to assisting with the prarotion of the Program and

carrying out the Program's "pilbt:" study" , state deparbnent personnel

provided Program staff infonnation upon which tl1e"study sample" was

selected. This information included: (1) appropriate data from

EPA I s voluntary asbestos survey, (2) descriptions of the organization

'of Colorado public education, and (3) appropriate descriptions of

school buildings (construction, data, rem:delling data, floor plans, etc.).

In school districts where the ntn11ber of facilities selected by the

random sanple approached the total ntn11ber of schools. in the district,

all schools were surveyed for asbestos materials as a service to the

district. In other districts where officials requested SAT Program

staff to survey btrildings,. this was also perfonred. as a service to the

district. Appendix H contains a breakdown by school district for

surveys conducted in the pilot study, the "study sarrple", and other schools.
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Selection of Study Sample

(A detailed description of procedures utilized and of the resultant

"study sample" are provided on pages 3-5 of this report. Further infor­

mation is provided in Appendix B) .

Educational Sessions and Materials

(A discussion of educational sessions delivered and accanpanying

materials utilized is provided on pages 6-8 of this report. Further

descriptions of these sessions and materials are provided. in Appendices .

C, D, E, and F.)

Collection and Analysis of Bulk Samples

Surveys consisted of a walkthrough, visual inspection, and evaluation

of the potential exposure hazard from possible asbestos-containing

materials. These surveys were carried out in all areas of schools:

hallways, gyrrmasiums, auditoriums, cafeterias, offices, l:x>iler rooms,

storage spaces and the sPaCes al:x>ve lowered ceilings.

The evaluation fran "Sample Collection Data" and evaluation

criteria "An Evaluation Aid in Assessing Potential Asbestos Exposure"

are presented in Appendix. I and were designed. to· reflect the potential

exposure hazard that might exist by detennining where asbestos materials

were and.their. condition. Six criteria were evaluated: condition,

accessibility, air rrovement, activity, friability and percent asbestos.

Condition was a reflection of the degree of deterioration and/or damage

of the materials. Accessibility was the relative ease with which asbestos

containing material nay be reached. or disturbed. Air lTOvernent reflected

the degree to which asbestos fibers might accumulate at a site. Activity

was the potential, because of room use, for damage to occur to asbestos­

containing materials. Friability was the ease with which the naterial
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could be broken or crumbled. Finally, percent asbestos was the aIT01.U1t

of asbestos present in the material. This was obtained from laboratory

analysis of bulk samples. In each of the categories, a number (fran one

to three in the first five, one to four in "percent asbestos") was

assigned to reflect the exr:osure PJtential of each. The lowest number

reflected the least PJtential while the highest number indicated

the greatest exr:osure potential for that criterion. The total of the

assessed value for each of the above criteria reflected the overall

exposure.potential.

At the time of the survey, additional information about the school

was obtained (see'.'General Data" ApPendix J). This included the number

of pupils in the school, the' number of teachers and staff (full and

part-time), building usage (standard curricular use, extra-curricular

use and comrm.Ihity and other use) and building construction data were

confirmed (original construction data and dates of additions and

rencxlelling). If available, the names and addresses of architects and

contractors for original and subsequent construction were also obtained.

During the survey bulk samples were taken from all materials which

might have contained asbestos. Samples were taken by rerroving a PJrtion

of the material with a scalpel. The samples included all layers from

the outside of the material to the substrate. Samples were placed in

labelled, clean, 35 nun film canisters. All samples were taken in as

inconspicuous a place as PJssible, and precautions were taken to avoid

inhalation of dust.

The bulk samples were first screened using K2 Asbestos Screening

Test. This is not actually a test for asbestos, but for magnesitnn and

iron. It is a colorimetric' test. and yields a blue color for the magnesitnn
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Collection and Analysis of Air Samples

This study was designed and perfonned to measure the airborne

concentrations of asbestos in six Colorado public school facilities with

sprayed-on asbestos materials. (Facilities were designated by numbering

from 1-6.) The presence, type and percent of asbestos in sprayed-on

materials had been confirmed by PJlarized light by an outside laboratory.
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Appendix L contains descriptions of percent asbestos, darrage to material

and activity levels for each facility. Fran ty,D,to five 'air_samples

were taken inside of the buildings depending on building size and

extent of sprayed-on materials. In each case, one sample ,was taken out­

side of the building to detennine ambient corrmunity levels of asbestos.

Duplicate samples were rollected on Millipore AA 37 mm cellulose

ester filters with O. 8 llffi sized pores in a Gelman three piece polystyrene

cassette (field rronitor). Both inside and outside air samples were

taken in the "open faced" position with the rronitor top off.

Air sampling pumps for Facilities 1 and 2 (see Appendix L) were

Bendix Sequential Samplers altered to byPaSS the, timing mechanisms.

Facilities 3 to 6' (see Appendix L) were sampled with purrps obtained

from Res63.rch Appliance Company (RAC) with General Electric rrotors

and Gas pump mechanisms., Duplicate samples were drawn by placing a

T rolU1ection in line or by use of matched critical orifices rolU1ected to

a comrron chamber on ,the RAC pumps . The critical orifices and cornron

inlets to the pumps were obtained from RAe. For all purrps the flow

rates ranged fran 10.9 to 13.5 L/min. Because even small leaks in the

cassettes or tubing .upstream of the orifice caused ,a noticeable change

in flow rate, all pumps. were calibrated before and after each sampling

Period with the respective field rronitors and filters in place.

An initial attempt was made to use phase contrast to rount all

fibers visible in the entire thickness of the filter to account for

. fibers deeply embedded by the high face velocity of 23 cm,Isec. The

National Institute of Safety and Health (NIOSH) procedure for asbestos

counting requires Particles of a 3:1 aspect ratio (length to width) ,

greater than 5 llffi in length, and lying in the upPer 15 llffi of the filter
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depth be COilllted by phase contrast microscopy. This procedure was

followed except that all particles with 3:1 aSPeCt ratio were

coilllted regardless of length .throughout the entire 150 lJIn depth of

the filter and not just the upper 15 fllTI. This procedure was abandoned

when tv.D counters ranke::1 "Proficient" by the NIOSH Proficiency

Aptitude Testing Program could not agree within 15% and when four

counters could not agree on the same field focused through the entire

filter.

Seventy-eight samples and two blanks were ·then.mailed to an "'_

American Industrial Hygiene Association (AlliA) accredited laboratory

for asbestos COilllting by the NIOSH procedure. 'Ihis method does not

distinguish.asbestos from other .fibers~. Polarized light was coupled

to the phase contrast ·for additional analysis ,on two filters.

Scanning and',transrnission eleCtron microscopy were also perfonred

'on .selected samples~.· For these analytical techniques the filters were

ashed and reder:osited on NuclePJre filters by an outside laboratory.

A quarter section of ,each filter was placed. in an individual 3/8 inch by

2' inch_tube:which haet'OOeI:l'freshly cleaned with acid and rinsed with

deionized, double..distilled water' that had been filtered through a

0.1 fllTI PJlycarboriate filter (D:-2D-F water). Three tubes containing sarrples

plus. one tube with a blank supplied by the laboratory were ashed for two

hours in the LFE low teTIperature oxygen plasma ,oven rrodel LTA-504. The

oven chamber was acid washed .and rinsed with D-2D-F water just prior to

the ashing procedure. At the end of the two hour ashing Period the

tubes. were half filled with freshly. prepared D-2D-F water and placed in

an ultrasonic bath for three minutes to disperse the ash. The SUSPenSion

plus tube washings were placed in the collection funnel of a suction
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filtration device. After collection was rornplete, suction was applied

. to filter the ash onto a 25 rnn, 0.1 llffi fOre size Nuclepore polycaroonate

filter which had been backed by a 5 j.1l11 size Millipore filter to assure

even deposition. After drying NuclefOre filters which were being

returned to this laboratory for scaruring electron microsropy were carbon

Coated to a depth of approximately 100 Angstroms to hold fibers in place

during transport.

~Vhen filters were received by the in-house latoratory for scanning

electron microscopy, a strip. from the edge to the center of each filter

was rrounted in three sections on'ropper tape on a stub and reroated

with gold paladium to a depth of approximately 200 Angstroms . Analysis

was then Perfonred on a Hitashi HHS-2R scanning electron microsrope at

a magnification of 1500 and a working distance of 5mm. Scanning electron

microsropy does not distinguish asbestos from other fibers. . Acicillar

particles with a 3: 1 aspect ratio were counted. A total of 10 fields

was rounted on each section. giving a total of 30 rounting fields from

the edge to .the center of the filter.

Fourteen Nuclepore filters remained at- the outside laboratory for·

transmission electron microscopy. 'Ib distinguish asbestos from other

fibers, selective area electron diffraction and energy dispersive

X-ray analysis were also PerfOl:mecl. Transfer to the EM grid was done

in a Jaffe Wick Washer with chlorofonn as the solvent. Analysis was

perfonned on a JOEL-lOOe Analytical Electron Microscope with a Kevex

X-ray Detector and Tracor-Northern NF880 X-ray Analyzer. Screen

magnification was 16,000 .. The minimum rount was 10 grid openings or

100 objects. Single asbestos fibers with a 3:1 aSPect ratio were

counted. Selected area. electron diffraction and energy diSPersive X-ray

analysis were also Per·fonned on each visible object.
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No attanptwas made in the design of this study to compare

analysis teclmiques, and therefore, multiple analysis was not Performed

on anyone sample. Due to cost factors duplicate sample analysis was

Performed only by phase microscopy. Resultsrer:orted as fibers. per

filter or asbestos fibers Per filter were converted to fibers or

asbestos fibers per cubic centimeter of air.

Rer:ort to Sch00l Officials

Reports were sent on the results. of the building surveys to the

contact person for each school district surveyed. It was recorrmended

that corrective actions be based on the building survey rer:orts and

not on air sampling. Reports. on .the air sampling results were also sent

to district officials, but the limitations of each analysis teclmique

were fully explained.





RESEARCH RESULTS AND DISCUSSION

This section presents the results of the tvK> research projects

conducted by SAT Program staff: . (1) the prevalence and condition of

asbestos-containing rnci.terials in Colorado schools, and (2) the levels

of airborne asbestos in selected Colorado PUblic school facilities with

sprayed~on asbestos material.

Prevalence arid Condition
of AsbestoS-Containing Materials.

Thirty-one of the 41 schools surveyed had aSbestos-containing

materials in one or rrore locations. Of those 31, 10 schools had sprayed-

on· asbestos ceilings.· Table II shows the number of schools in each

region that had asbestos-containing materials and/or sprayed surfaces.

TABLE II

NUMBER OF SrnOOlS WITH ASBES'IOS AND SPRAYED ON ASBESTQS,
COLDRADO PUBLIC ·SrnOOlS, FALL-AND WIN'IEK.1980

Number of Number of Schools Number of Schools With
Region Schools Sampled With Asbestos Sprayed-on Asbestos

I 23 16 (70%) 7 (30%)
II 3 2 (67%) 0

'''7-

III 6 5 (83%) 2 (33%)
IV 4 4 (100%) 1 (25%)

V 5 4 (80%) 0

'TOI'AL 41 31 (76%~; 10 (24%)

Based on the number of schools found to have asbestos-containing

materials in the random sample, it was estimated that between 63% and

89% (95% confidence interval) of the public schools in Colorado may .
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have friable asbestos-containing materials. Ten percent to 38% (95%

confidence interval) of Colorado schools may have sprayed-on materials

which contain asbestos.

The types of asbestos found included clu:ysotile, actinolite, anosite

and crocidolite. The percent of clu:ysotile in spray~materials ranged

from <1 to 30%. Actinolite was frequently found with chrysotile in •

. sprayed materials, but only in small amounts, ranging from <l to 2%.

In. other asbestos-containing materials, the arrount of chrysotile varied

fram <1 to 95%. ,Arrosite. content ranged from 1 to 60% of the naterials,

and crocidolite was found in very small quantities, <1 to 2%. Table III

shows the number of sarrples that contained the different fonns and

combinations of asbestos.

TABLE III

ASBES'IDS-CONTAINING SAMPLES BY TYPE OF ASBES'IDS,
COLORAOO PUBLIC SCHooIS, FALL AND WINTER 1980

:) Number of Sarrples
~.'

Sprayed other

~. 1- 11- 26- 1":;' 11- 26-
Type 10%* 25% 50% . );51% 10% 25% 50% >51% Total

Chrysotile 8 5 10 14 ._39

Arrosite -- 3 1 4

Chrysotile- 2 2
actinolite

Chrysotile- 4 2 2 1 9
anosite

Arros.l.te-
crocidolite 2 ·2

TOI'AL 10 0 2 0 12 2 13 17 56

*Percentage ranges used in the "evaluation of potential asbestos exposure','
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The distribution by grade level of the number of schools with

asbestos-containing materials and. with sprayed-on asbestos is presented

in Table IV.

TABlE IV

NUMBER OF SCHOOLS WITH ASBES'IOS AND SPRAYED-ON ASBESTOS
BY GRADE LEVEL, COLORAOO PUBLIC SCHOOLS,

FALL AND WWTER 1980

Number Number With
Grade level . 'SamPled Number With Asbestos Sprayed-on Asbestos

Elementary 25 (3.4%) 18 (73%) 5 (2%)

Junior High 7 (3.3%) 5 (71%) 0

Senior High 8 (3.2%) 7 (87%) 4 (50%)

Other 1 (1. 5%) 1 1

The procedure used to evaluate- material condition and exp:>sure

potential (see ApPendix I). could yield a final .figure which ranged fran

6 to 19. This exposure quotient was calculated for each bulk sample

collected. .Figure 2 is a distribution of the Telative frequencies for

the calculated exp:>sure'potential values.. · A potential exposure value

fran six to eight. indicated that no actiOn need to be taken, while

one from nine to 19 indicated that sorre corrective action was required.

'Ihe potential exposure values calculated. by Program staff indicatecl that

action- was'requiie(rin.53-:~(95%):;.ofthe, areas:~,saitPled;~in,this study.

Air Sampling

The arrount of airborne asbestos docurrented in· the school dePended

on the. analysis technique and varied considerably between the three

techniques employed.
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Phase Contrast Microscopy Results

Of 78 samples and two blanks analyzed by phase contrast microscopy

at 400X,· fiber counts on 57 sarrples and tw::::> blank filters were below the

detectable limit of 4500 fibers/filter. The remaining 21 sarrples yielded

concentrations in the thousandths of a f/cc. Because of the high error

in phase coW1ting, concentrations in this range are considered Valiift.

The error factor ranged from 65% to "'81% at the 95%·confidence level and

all detectable concentrations were in the thousandths of a f/cc.

Of the :two:.sarnple filters analyzed by both I=Olarized light and phase

contrast, one filter shOwed. 23,000 total fibers by phase contrast. When

placed under polarized light,.bnly cellulose and no asbestos fibers were

found on this filter. (The other filter yielded a count of less than

4500 fibers by phase contrast and no asbestos by polarized light.)

Comparison of Duplicate Sarnples

A paired t-test was perfonne:i on the phase contrast microscopy

data to determine if the procedure generated results which were precise.

Filter counts from duplicate sarrples were converted to fibers Per liter

for ccmparative purposes. Table V is a summary of fiber Per liter

concentrations for duplicate samples. The t-test probability value was

o.07, and a probability of 0.05 had been set as the value for rejection

of duplicate equality. The test for duplicity was not strong considering

the p-value of 0.07 and counting error of at least 50 Percent. Phase

contrast microscopy· displayed sane measure of precision for this study.

scanning Electron Microscopy (SHJ1) Results

One group of :lSilters which had been ashed together in the sa:rre

chamber was discarded because of suspected contamination. This was
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TABLE V

COMPARISON OF DUPLICATE SAMPLES. ANALYZED FOR FIBERS
BY PHASE CONTRAST MICRCSCOPY .AND EXPRESSED IN FIBERS PER

LITER FROM COIDRADO PUBLIC SCHOOLS, WIN'IERAND SPRING 1981

Concentratiorrof::.Duplicates:'.,tftlitefY

Facility

3

4

5

Higher Duplicate

3.0
2.6
2.9
2.8
3.2

.5.3
1.3
1.9
2.9

lD~r Duplicate

2.7
2.6
2.9
2.0
1.8
3.8
1'.1'
1.6
1.6

the first group ashed in the chamber, counts were all equal and the

highest of all filter counts by SEM (148,000 fibers per filter). TEM

analysis (counts only asbestos fibers) of one of the blanks sho,ved

10,000 asbestos fibers on the filter. Contamination of the ashing

chamber was suspected to be by a non-asbestos filter. SEM'~may be

rrore susceptible to contamination than the TEM method used since

all fiber types are counted.

SEM counts at 1500X on the rema.ining blanks yielded an average

of 57,000 fibers per filter which was deducted fran the remaining sarrple

filter COilllts before calculation of concentrations. Result:ing

concentrations ranged .fran less than could te detected by the method to

0.059 fibers per cubic centimeter of. air (f/cc). Individual results are

in Appendix L. Multiple air samples were analyzed by SEM for the satre

facility. Average build:ing air concentrations of fibers is shown in

Table VI and ranged from less than a thousandth· of::-a:-.f;1Cc;;to 0.025 f/cc.
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TABLE VI

AVERAGE INSIDE CONCENTRATIONS DEI'ERMINED BY
SEM ANALYSIS FOR SIX COIDRAOO PUBLIC SCHOOL

FACILITIES, WIN'IER· AND SPRJNG 1981

Average Inside COncentration
Facility (Fibers/cc) (n)

1 0.008 (1)

2 <reportable* (1)

3 0.005 (2)

4 0.025 (3)

5 0.005 (4)

*6 <reportable =.. (3)

~Less than a·thousandth of a f/cc.:

Transmission Electron Microsoopy, Selected Area Electron Diffraction,
and Energy Dispersive X-Ray Results

The average of oounts done at 16, OOOX on blanks was 17,000 fibers

per filter. Both asbestos fibers and unidentifiable fibers were counted.

The rrean blank oount was subtracted fran each sarrple filter count before

calculation of the concentration. IndividuaLresults are in Appendix L

and ranged from 0.001 to 0.782 asbestos flee.

For each faci.J.:±.ty the outside neasurement was subtracted fran

resI;:eCtive inside measurements to adjust for differences in conmunity

asbestos air pollution. Inside-minus-outside concentrations ranged from

0-:-0.739 asbestos flcc and is included along with the inside and outside

ooncentrations by facility in Table VII.

By a two way analysis of variance test, there was fOlIDd to be a

statistical difference between the average of measurements taken at each
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TABlE VII

SUMMARY OF ASBESTCS CONCENTRATIONS (f/ee) DERIVED FroM TEM
ANALYSIS FOR FIVE COLORADO PUBLIC SCHOOL FACILITIES, WINTER

AND SPRING 1981

Sampling Concentration (asbestos 'fl-cc)
Facility Day Inside Outside Insid~tside

1 1 0.143 0.012 0.131

0.048 0.012 0.036

3 1 0.021 0.050 -0-

0.298 0.050 0.248

4 1 0.061 0.043 0.018

0.782_< 0.043 0.739

5 .1 0.004 0.004 -0-

0.006 0.004 0.002

6 2 0.007 . 0.001 0.006

facility (p - 0.03; 4, 8) but not between the mean of inside concen-

trations compared to the mean of outside concentrations (p = 0~08; 1,8).

A probability of 0.05 had been set as the value for rejection of the

null hyp:lthesis. Because the calculated p-value of 0.08 for rrean inside

campared to rrean outside was so close to the rejection value and because

the population was small, it was decided to partition the error source

of variation to detenniI1e if there was a consistent difference

between the inside and outside concentrations across the facilities.

A low F"';value of 0.25, with 4,4 degrees of freedornwas·:ca.lcUlated for the

ccnpa.rison of inside to outside measurements on a facili tx-to-facility

basis arid derronstrated that the difference between inside and outside

concentrations was consistent across the five facilities.
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TEM results were also viewed by first taking the average of inside

asbestos concentrations then deducting the outside concentration. 'Ihis

tabulation derninishes the effect of different activity levels and is in

Table VIII. This approach yielded concentrations ranging fran 0.001-'

0.379 asbestos f/ec.

TABLE VIII.

SUMMARY OF AVERAGE/INSIDE, OUTSIDE, AND AVEFAGE INSIDE MINUS
OUTSIDE CONCENTFATIONS (ASBESTOS flee) AS DETERMINED BY TEM

FOR FIVE COLORADO PUBLIC SCHOOL FACILITIES, WINTER AND SPRrnG1981

Concentration (asbestos f/cc)

Facility X Inside (n) Outside X Inside Minus Outside

1 0.096 (2) 0.012 0.084

3 0.160 (2) 0.050 0.110

4 0.422 (2) ,0.043 0.379

5 0.005 (2) 0.004 0.001

6 0.007 (1) 0.001 0.006

Analytical Techniques

Phase contrast microscopy using :the NIOSH technig1,les yielded

little infonnation concerning airborne ashes,tas levels for all sizes

of fibers. Only fibers longer than 5 ]Jill, wide enough to be resolved by

the microscope at 400X, and lying in the upPer 15 ]JID of the filter were

counted. All, fiber,:types were counted since phase contrast alone cannot

distinguish asbestos. This is an i.rlp:>rtant point since cellulose and

other organic fibers are often incorporated into sprayed-:-on materials.

Data fran scanning electron microscopy contributed little rrore

infonnation on asbestos levels in schools. Analysis was performed at
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1500X, and smaller fibers were counte::1, but asbestos was still not

. distinguished from other fibers.

Transmission electron inicroscopy couple::1 to selecte::1 area electron

diffraction·and energy dispersive X-ray analysis was the only

technique use::1 which had the capability of generating information

on air contamination by asbestos fibers of even small sizes. It was

felt that this technique offered the best potential for accurate

analysis of environmental air samples for asbestos. .Many problems were

encountere::1 in the preparation of filters for analysis, and these

problems need to be clarified and corrected. .A standardized methodology

is needed for analysis of environmental air sa.rrples for asbestos.





SUMMARY AND RECCMvIENDATIONS

Surrrnary

The prim:u:y purpose of the safe Asbestos Treat:nent Program (SAT)

was to conduct research into the prevalence and condition of asbestos-

containing materials in Colorado public sc}XX)ls and to docurrent the levels

of airborne asbestos in several Colorado public school facilities which

contained sprayed-on asbestos material ~

One:_hundred and thirteen bulk samples were collected from a random

sample J?OPulatioJ:.1 of schools which represented 3.2% of Colorado' 5 public

schools. The K2 Asbestos Screening Test gave a ~egative result for iron

and magnesitml on 12 of the bulk samples collected. Confirma.tional analysis

on those samples positive by the K2 Test was by polarized light microscopy.

This technique confirmed that asbestos was present in 56 of ,the samples

positive by the K2- Test. At the 95%: confidence level, it was estimated

that between 63% to 89% of Coiorado's public schools rnay contain sorre

type of asbestos materials and that between 10% to 38% may contain

sprayed-on asbestos materials•. The K2 Test was not recormended for.:use

by school officials because of the high number of false .positives and the

use of strong acids as reagents.

Air samples were taken inside and outside of six Colorado school

facilities with sprayed-on asbestos materials. All samples were analyzed

by phase contrast microscopy and selected samples were analyzed by. . .

scanning electron microscopy (SEM) and transmission electron microscopy

coupled to selected area electron diffraction and energy diSPersive X-ray
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analysis (TEM-SAED-EDXA). The levels of airboD1e asbestos found

for the buildings depended on the analysis teclmique. ResUlts fran

phase contrast yielded concentrations in the thousandths of a fiber

pel:: cuibc centi.rreter of air (f/cc) or less. Concentrations determined

fran SEM were in the hundredths of af/cc or less. TEM.,...SAED-EDXA gave

concentrations iil the tenths of an asbestosf/cc. When the outside

concentrations were subtracted from-'_the respective average concentrations

within the buildings, two schools showed airboD1e asbestos levels in the

tenths of an asbestosf/cc. TEM-~EDXAwas felt to be the best

analytical approach for environrrental -asbestos air samples because snaIl

fibers were counted and asbestos fibers were specifically identified.

Prior to conducting the research, a pilot study 'was carried out

in 29 Colorado schools. 'Ihrough this experien.cethe procedures, rrethods,

and naterials used with the II study sample" were developed and refined.

SAT Program staff also provided educational sessions and. talks on asbestos

for 290 ParticiPants primarily fran the construction industry and school

maintenance depa.rt:rrents; -however, school district officials were also

present at these sessions. 'IWo pamphlets and seven newsletters were

written by SAT Program staff. - 'Ib date, these materials have been

distributed to approximately 15,000 individuals both in Colorado and

throughout the .United States .

.Additionally, SAT Program staff participated in several rredia events.

The SAT Program and staff efforts were broadcasted via local 'IV (three

Denver stations) and hurrerous radio stations. Stories were also printed

-. in Denver's two leading newspaper.s, and articles appeared in virtually

every newspaper in the State. It is difficult to evaluate the specific

outccrnes of rredia coverage; however I at a minimum this type of coverage

served as an "awareness building" tool.
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An extremely positive outcome of the activities carried out by

SAT Program staff was the degree. of interest generated arrong the construction

industry. Due to SAT Program activities, .ColoradoneM' has severed

contractors who are prepared. to conduct asbestostreatrrent ot rerroval

work. This was no menial ..task, in that years of myth needed to be scrubbed

away and new skills taught. During the study pericd, SAT Program staff

responded to 28 requests from contractors involved in asbestos treatrrent

or rerroval projects .. Presently, these types of requests are received on

a regular basis.

RecOIIT!E11dations

This section presents suggestions and recoornendations that

.pertain to: (1) the continuance of efforts and activities initiated with­

in the SAT Program, and (2) other issues related to .the asbestos problem:­

in this nation I s school buildings.

Continuance of SAT Program Efforts

'!he activities of the SAT Program Where funded for a pericd of one

year. Consequently, time and funds defined the deliinitations of this study.

'!hough much was accc:mplished during this time period, the task of

addressing the asbestos problem in Colorado school buildings is far from

finished. The·obvious recomrendation drawn fran this situation is the

continuance of the work initiated by SAT Program staff. It is suggested

that future efforts essentially. duplicate the SAT Program. However, there

are a couple of exceptions. For exarrple, Program staff used the K2 Test

as a .preliminary screening method for the analysis of bulk. sanples (see

Appendix K for a detailed description of a K2 Test). The K2 Test will.

give .false positives. Out of 113 bulk. sanples tested with this methcd,
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~

45 gave false positive readings. Part6fthis discrepency may be attributed

to difficulty in interpreting various shades of. blue and red and to inter-

ferance from. other colors (yellav· or green) which are produced. In

addition, the test is described as one which may be used in the field.

Use in the field, however, would be difficult due to the strong acids,

especially hydrofluoric, and reses which are used, and the associated

disposal problems once the test is completed. The idea of a relatively

quick field· testing for asbestos-cbntaining materials is 'attractive,

however, the K2 Asbestos Screening '!est is not recormrended for this

purpose.

An additional refinement .of the SAT Program concerns the pumps used

for air sanpling ~ . 'IWo matched critical' orifices were used to maintain

a constant flow· rate of 10 liters Per minute. These orifices were

attached to· the intake .ports on the air sampling ·pumps. Because the

capacity of the pumps used greatly exceeded that needed ~for the proper:.
I

use of the u..o critical.6rifices, several problems resulted. First, down-

stream pressure was six tines greater than upstream pressure when

approximately a 2:1 ratio was needed to rnaintain 10 L/min. Because tlie

pressure differential was so great, even small leaks in the cassettes

or tubing upstream:of the orifice caused anoticablechange in the flow

rate, and pumps had to be pre and post calibrated with the respective

collection' filter and cassettes in place. Secondly, with the critical

orifices in place, the pumps overheated and shutoff. Overheating to

the point of shutoff oc::curred when the P'l.lI!'Ps were ,located in a spot

without good air circulation. Because the pumps were "over v..rorking" ,

they produced rrore noise which was upsetting to school personnel. . Plywood

roxes lined with sound absorbing rnaterials and vented in the reck' were

then used to enclose the pumps. This reduced noise levels but compounded

the problem of pmnp overheating and shutoff. Eventually this was resolved
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by placing a fan at the head of thw box. 'ilie third problem was the

probable reduction in the life expectancy of the pump rrechanism.

Overheating caused by the backpressure may have had deleterious effects

on machine parts. Consequently, it isrecanrrended that if ciritcal.

orifices are used that the pump capacity. be close to that needed to

maintain the proper downstream: upstream pressure ratio. The ratio

of 6: 1 used in this study caused overheating, shutoff, increased

noise, perhaps decrease in pump life, and actually negated the pt.lI"PJse

of the critical orifices.

Apart from these two "probleros~!, the directions taken. by SAT Program

staff proved adequate. The following' activities/procedw::es were lIDder­

taken by SAT 'Program staff, and are strongly recOrmended for inclusion

in a state-wide effort to control asbestos exposure in schools.

Involve Educators, School MaiIltenance Personnel, Public Health
Officials, and Construction Industry

'Personnel in. Program Efforts"

Various of these individuals benefit program efforts as legitimizers

and prorrotors. Others, such as contractors and school maintenance

personnel require training in safe asbestos treat:rrent .procedures. School

district superintendents, other district level officials, and public health

officials need to be well grounded and versed in the asbestos issue so

as to provide appropriate expertise' and, guidance in the control of

asbestos-related problems.

The first contacts made by SAT .Program staff were with officials

in Colorado's State Department of Education. 'Ihese individuals were very

supportive of the Program. and were instrurrental in SAT Program staff

being able to access scfiooEbuildings. 'Ihese individuals also provided

information needed to select the "study sample".
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Prior to the actual collection of bulk samples in school buildings,

district and building officials responsible for these buildings were

presented with a one to two hour educational session.." These sessions

allowed Program staff the opportunity to explain sampling procedures, to

ovenriew the "asbestos problem", and to present and discuss safe as:bestos

treatment procedures. Following these sessions,. the ·task of collecting

samples, and reporting results went very smcothly.

Along with the educational sessions provided school officials,

Program staff conducted workshops for contractors and school maintenance

personnel. In working with and handling asbestos-containing materials, I.~

these. individuals may unknowingly create asbestos exposure problems.

Consequently, these workshops emphasized safe work procedures associated

with the encapsulation, enclosure and rerroval of asbestos-containing

materials .

Support Program Efforts with Written Materials .. For many individuals

the potential health effects of asbestos fiber inhalation is new infor­

mation. Consequently, written materials serve as important sources of

infonnation and guidance. There are a' variety of existing publications

that rnay be obtained at no or. very low cost. A bibliography is presented

in Appendix M. It is also advisable to produce and distribute a list of

local agencies and resource people that can assist in, the control of

asbestos-related problems. Perhaps the single m:Jst .useful docurrent

produced by SAT Program staff was one outlining action steps and resources

needed to control asbestos hazards. 'Ihis docurrent is presented in

Appendix F and provides .information and directions referencing: groups

and organizations capable of conducting'asbestos inspections and sampling;

laboratories capable of asbestos identification; the selection of
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corrective rnethcdsi the m:mufacturers and distributors of respirators,

protective clothing, asbestos vacu1.ID1S,· wetting agents, encapsulahts,

and;,labelsi and asbestos disposal procedures.

Utilize a low-Keyed, Data Based, Orientation to the Delivery of

Program Services. The Potential for asbestos exposure in school

buildings can obviously produce an errotional response on the rest of

parents and other carmunity rrernbers. Though SAT Program staff never

avoided general public involvement, such involverrentwas not solicited.

The concern of SAT Program staff was that. school officials and contractors

have the necessary infonnationand training to enable them to proceed

in the resolution of asbestos-related problems in an orderly and controlled

manner. As witnessed from experiences, prirnarily occurring in eastern

seaboard states, outbreaks of errotionalism may indeed obviate the

tirrely Tesolution of asbestos""'"related problems.

Other Reccrrmendations

The following list of activities were not initiated with the SAT

Program, but do represent activities other programs/agencies may wish

to address.

Define Analysis Methodology for Asbestos Air Sarrples. There is a

need for a defined methodology and laboratory proficiency testing

program for envirorunental asbestos air sarrples. AIthough transmisslon

electron microscopy coupled to selected area electron diffraction and

energy dispersive X-ray analysis was felt to provide the best information

concerning airborne asbestos fibers of all sizes, there are m:my unresolved

problems with the filter preparation technique used in this study and

with all filter preParation techniques. Until this methodology has
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been worked out, it is reconmended that decisions concerning corrective

action for asbestos materials not be based on air sampling alone. The

procedure of assessing the material condition and potential for fiber·

release used in this study andreccmnended by the EPA should be the

foundation for decisions. When all laboratories are preParing and

analyzing envirorurental .samples >by the sane electron microscopy

technique and cross· comparisons of da~ can be made from one laboratory

to another, air sampling results may then' prove to have strength in

the decision making process.

Create "Bidding DJcuments" for Use by School Officials. Knowing

how to sPecify. asbestos treat:rrent or removal· jobs in contracts with

construction industry personnel is not within the normal providence of

rrost school officials. Documents, that would at .least guide school

officials in this process are needed. Such documents would also tend to

screen out those contractors unfamiliar with safe asbestos treatment

procedures, and thus;:,assure school officials that jobs will done

properly.

Throughout the Program, it was a concern of staff rrembers that

contractors be identified and trained to properly carry out asbestos

treatment jobs. One method of accanplishing this would be to require

contractor,_licensure. However,. establishing such licensure is a lengthy

and complex process and anning school officials with "bidding docurrents"

would essentially serve the sarre purr:;0se.

Establish local "Asbestos Informalion" centers. At present, at

least in Colorado, there is not a central resource center for the

dissemination of asbestos-related information. Though there. are several

agencies capable of offering advice and assistance, e.g., EPA Region VIII,
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Colorado State University, Colorado State Departrrent of Educa:6ion,

Colorado School of Mines, Denver Deparbnent of Health and Hospitals,

a central clearing~house has not been established. Reflective of the

incomplete infonnation and myths associated with asbestos-related

health problems, various of these agencies have pieces and parts of

infoITIBtion which mayor may. not represents lithe facts". This

situation only tends to exacerbate an already "confused" and

"frustrated" general public.

Conduct a Survey to Determine the Costs .of Asbestos Treatment or

Removal. It has been the experience of SAT.-.Program staff, that anong

the variables that produce resistence to attacking the asbestos issue

in schools, is the notion that this is an extremely expensive task

to undertake. By far, the rrajority of situations encounteredby SAT

Program staff could be remedied for minimal expense e.g., enclosing an

asbestos lined pipe, encapsulating a ceiling, etc. True, the

"expense11 jobs will need to be done, for example, the rerroval of sprayed­

on material from a gymnasium ceiling, however, these types of jobs are

few and far between.
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PRCGRAM PERSONNEL

The-Program's professional and clerical staff included:

a) Program Director, Dr. Roy M. Buchan (11% time) . - Dr. Buchan was

ultimately responsible for the completion of all tasks, the

expenditure of funds, the direction of program activities, and the

SUPerVision of Program staff.

b) Program Administrator, Dr. Hans H. Johnson (16% time). Dr. Jolmson

was ultimately responsible for educational input including

developnent of educational materials and methodologies as well

as general program planning, ooordination, evaluation and delivery

of activities.

c) Industrial Hygienist, Mr. Jeffrey R. Geiger (16% time). Mr. Geiger

served as the princi~ contact with cx::mtractors, and pri.rrary

trainer/speaker/consultant for activities conducted outside of

the sample population of schools.

d) Assistant Professor, Harry J. Beaulieu, (24% time). Dr. Beaulieu

coordinated the field sampling, and laboratory analysis and super-

vised graduate student activities.

e) Graduate Research Assistant, Cynthia A. Baldwin (70% time) .. Ms.

Baldwin assisted with initial program steps and was responsible for

research activities directed toward the prevalence of asbestos-

containing materials in Colorado public schools.

f) Graduate Research Assistant, Donna A. Chadwick (70% time). Ms.

Chadwick assisted with initial program steps and responsible for





research directed tc:M'ard· airl::orne asbestos concentratioris in

schools with sprayed-on asbestos-containing materials.

g) SecretaIy, Diane K. Hall (34%). Ms. Hall managed the pt:'0gram's

files and served as bookkeeper and typist.
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AGE OF CONSTRUCI'ION OF AREAS FIDM WHICH
ASBES'IDS-CONTAINING SAMPIES WERE OBTAINED

.AGE OF CONSTRUCTION

Pre-1946

1946-1973

Post-1973

18

34

4

56

STRATIFICATION BY GRADE LEVEL

GRADE LEVEL

Elementary

Junior High,

Senior High

Other

NUMBER IN
STATE

733

212

253

65

NUMBER
~:SAMPLED

25 (3.4%)

7 (3.J%)

8 (3.2%)

1 (1. 5)





STRATIFICATION OF SCHooIS BY AGE OF CONSTRUCTION

AGE OF CONSTRUCTION NUMBER OF SCHooIS

Original Additiona1* Statewide Surveyed

Pre-1946 None 36 5
rPre'-'1946 19 2
:1946:?197:3 72 4
:,'-Post~1973 6 0
Combination 39 4

1946-1973 None 211 8
1946-1973 222 4
Post-1973 60 5;
Combination 59 5

Post-1973 77· 4
-

801** 41

.*Additions and rem:x1e11ing.
**Inforrnation available for 801 of 1,263 schoOls in the

state
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BACKGROUND :

TOPICS COVERED rn TALKS AND SLIDE SHO\TS

asbestos as a mineral
properties of asbestos
uses of asbestos with emphasis on building construction

HEALTH ASPECTS: diseases of asbestos: asbestosis, bronchogenic carcinoma,
mesotheliana :;"" synergism 'of srroking and asbestos for
bronchogenic" carcinoma low level exr:osures and
mesotheliana

SCHOOL EXPCSED POPULATION: children
teachers
support staff
rraintenance (repairs, clean-up)

REDUCING EXPOSURES: ProPer work practices for maintenance Personnel
identify and label asbestos materials
respirator and proPer clothing for abrasive
w:>rk and repairs
wet sweep or vacuum for clean-up
definition of proper vacuum
Asbestos in the automechanics shop
Correcting miscellaneous problems:·

rewrapping of pipe lagging
enclosing accessible pipes
boiler jackets

Controls for sprayed-on materials:
management
encapsulation"
enclosure
rerroval
preliminary procedures
wet renoval
clean up
disposal
Role of school in rerroval procedure: familiari ty

with procedure '..'. ~

check on contractor procedures before and during
rerroval

SAFE ASBESTOS TREATMENT PROGRAM: Objective
Procedures
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EDUCATICNAL SESSIONS PRESENTED

School Districts in the Random Sample:

1. January 8, 1981, Aurora School District, 7 participants.
2. January 12, 1981, M:>ntrose County School District, 10 participants.
3. January 13, 1981, Dolores County School District, 4 participants.
4. January 20, 1981, East Otero School District, 13 participants.
5. March 26, 1981, East Yuma County School District, 4 participants.
6. April 2, 1981, Denver School District, 24 participants.

(Harrison County School District elected not to have an educational
session) •

Other Schools:

1. OCtober 25, 1980, Boulder Valley School District, Louisville, 10
participants.•

2. December 1, 1980, Montezuma-Cortez School District, 8 participants.
3. Decanber 3, 1980, M:mte Vista School District, 5 participants.
4. December 5, 1980, _Florence School District, 9 participants.

Educational Associations:

1. September 20, 1981, "Solutions to the ASbestos Problem," presented
to members of the National Association of State Directors of
Educati6nal Plant Services in Denver, Colorado, 20 participants.

2. February 4, 1982, "Practical Approaches to Solving -Asbestos Problems,"
Rocky Mountain Association of School Building Officials, Denver,
40 participants.

Non-School Organizations:

1. OCtober 16, 1980, "Asbestos -Rerroval," Artistic Plumbing, Inc.,
Denver, 7 participants.

2.• · March 10, 1981, "Safe Asbestos Treatment," presented to demolition
contractors at a seminar ("Asbestos Awareness") sponsored by the

- Department of Health and Hospitals, Denver, Colorado, 40 participants.

3. April 28, 1981, "Safe Asbestos Treatment,". presented at the~.:Colbrado

Safety.:::Congress, Denver, Colorado, 28 participants.

4. April 29, 1981, "Safe Asbestos Treatment," presented to a private
contractor and employees on an asbestos removal job, Leadville,
Colorado, 10 participants.





5. May 20, 1981, "Asbestos Identification and Treatment Procedures,"
Boulder, Colorado, 10 participants.

6. January 22, 1982, "Safe Asbestos Treatment," presented at a meeting
of the Asbestos Workers local #28, 41 participants.
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CONTENTS OF INFDRMATION FOLDER

Health Hazards of Asbestos, cancer Alert Series, u.S. Department of Labor,
Occupational Safety and Health Administration, 1979, U.S. Government
Printing Office, Washington, D.C., 0-632-523/167.

Asbestos Exposure: What It Means: What To D:J, U.S. Department of Health,
Education, and Welfare, Public Health Services National Institutes
of Health, Washington, D.C., 1978, DHEW(NIH) 78-1594.

Asbestos Exposure: A Desk Reference for Canmunicators, U.S. Department
of Health, Education, aiid Welfare, Public Health servi:ce,
National Institutes of Health, Washington, D. C., 1978, DHEW(NIH)
78-1622.

Publications on Toxic Substances: A Descriptive Listing, Interagency
Regulatory Liaison Group, 1979, U.S. Government Printing Office,
Washington, D.C., 052-011-00226-7.
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INTRODUCTION

Warnings were issued as early as 1971 that asbestos might pose a
serious environmental health hazard in school buildings across the
nation. However, little was done to deal with the problem on a
national level until 1977, when reports. of asbestos exposure in
New Jersey schools were widely pUblished.

Recent estimates suggest that an asbestos hazard may exist in as many
as 10,000 public schools in the United States. This astonishing and
worrisome situation exists chiefly because asbestos was used exten­
sively in school building construction between 1946 and 1973 as a
component of fireproofing, insulation, and acoustical materials.

Asbestos fibers are released from indoor materials such as ceiling and
wall coatings through fallout and contact. Fallout of fibers comes
from the aging and degradation of the bonding material in an asbestos­
containing product. It is usually low level, continuous, and may
increase with the age of the building.

Contact with asbestos-containing material, especially sprayed asbestos
coatings, can easily result in the release of asbestos fibers. This
is particularly true in school buildings, which tend'to be subjected to
extra wear and tear because of various student activities.

When fallen debris and dust containing asbestos particles are swept
up by school maintenance workers, large amounts of respirable asbestos
fibers can be resuspended in the air. Normal hustle and bustle by
school children can have the same result. Once asbestos fibers become
airborne in an indoor environment, they tend to stay aloft for long
periods of time. In fact, some fibers can remain in the air--and, there­
fore, in the breathing zone of a person--for up to 80 hours.

In 1972, the National Cancer Institute reported that 12 cases of malig­
nant mesothelioma had occurred in the United States between 1960 and 1968
in people under the age of 20. A recent case of mesothelioma in a school
maintenance worker in Massachusetts has increased the suspicion among
some researchers that asbestos pollutions in the nation's schools may
already be causing disease.·

During the past couple of years, school officials 'and others have·
expresse9 great conc~rn over the possibility that children, teachers
and maintenance workers are being exposed on a regular ba~isto hazardous
concentrations of asbestos. In Massachusetts, a special commission was
created to investigate the asbestos hazard in schools. It found asbestos
in student areas in 138 out of 1,200 schools that,·were surveyed.
Widespread use of asbestos in schools has been reported in Indiana,
Kentucky, and other states. If the estimates from the states already
surveyed are applied to the entire nation, between 2 and 6 million students
may be attending schools with asbestos surfaces in pupil areas. An
additional 200,000 to 300,000 teachers could also .be exposed.'
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This pamphlet is intended to provide school officials and other school
employees information about the nature of the asbestos hazard and what
is known about asbestos related disease.

5~
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THE FACTS

1. Asbestos is a naturally occurring, virtually indestructible mineral
mined from rock and made up of countless easily inhaled, twine-like
fibers. The fibers are soft. but they resist heat and chemicals.
and they matcb piano wire in strength. Asbestos fibers are extremely
small. The ones you can see with an. ordinary microscope are made
up of even tinier fibers. If you put a million of them side by side~

they'd take up just one inch. It is the small size and inde­
structibility of asbestos fibers that makes them so dangerous to
human health.

2. The first use of asbestos was recorded about 2,000 years ago. It
was a "magi c mi nera111 used by the early Greeks for wicks in thei r
candles. The following is a brief history of asbestos use in the
U.S. and its toxic effects:

.- Asbestos introduced to U.S. Industry
First medically diagnosed death from asbestos in England.
American and Canadian insurance companies stopped insuring
asbestos workers.
Relationship between asbestos exposure and asbestosis was
confirmed.
U.S. and England research indicated a link between asbestos
exposure and lung cancer.
The association between asbestos and'cancer was confirmed.
U.S. and England research indicated a link. between low level
asbestos exposure and mesothelioma.
The Environmental Protection Agency banned the spray~n

application of as~estos.

Current worker asbestos exposure standard set by the Occu­
pational Safety and Health Administration.

3. Most of the asbestos used in the United States is mined in Canada.
According to U.S. Bureau of Mines reports~ more than 700,000 tons of
asbestos are used annually in the United States. Further, the list
of products containing asbestos is long and reaches into the lives
of nearly everyone. Asbestos is found in more than 3,000 products.

4. More than 77 percent of mined asbestos is used by the construction
industry for building insulation, floor and ceiling tiles. covering
for pipes. cables and electric wires, fire and heat shields. fire­
resistant curtains, roofing shingles and coatings. insulation for
ships. and in cement mixtures.

5. Asbestos is used in brake linings for automobiles, railroad cars
and airplanes. As many as 158.000 pounds of asbestos are released
into the air each year from auto brake linings alone.
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ASBESTOS PRODUCTS

Floor Til e
Offi ce floors
Commercial floors
Residence floors

Paints, Coatings
and Sealants

Automotive/Truck
. body coatings
Roof coatings and
patching compounds

Gaskets and
Packings

Valve components
Flange components
Pump components
Tank sealing compon­
ents

Asbestos­
Reinforced
Plastics

Electric motor com­
ponents

Molded product com­
pounds for hi gh­
strength/weight
uses

Friction Products
Clutch/transmission
components

Brake components
Industrial friction
materials

Asbestos
Cement Pipe

Chemical process
piping

Water supply piping
Conduits for electric
wires

Asbestos Textiles
Packing components
Gasket components
Roofing materials
Commercial/industrial dryer felts
Heat/fire protective clothing
Clutch/tranmission components
Electrical wire and pipe insulation
Theater curtains and fireproof
draperi es .

Asbestos Paper
Gas vapor ducts for corrosive
compounds

Fireproof absorbent papers
Table pads and heat protective
mats

Heat/fire protection components
Molten glass handling equipment
Insulation products
Gasket components
Underlayment for sheet flooring
Electric wire insulation
Filters for beverages
Appliance insulation

cRoofing materials

Asbestos Cement Sheet
Hoods, vents for corrosive chemi­
cals

Chemical tanks and vessel manu-
facturing . .

Portable construction buildings
Electrical switchboards and com-
ponents

Residential building materials
Molten metal handling equipment
Industrial building materials
Fire protection
Insulation products
Small appliance components
Electric motor components "
Laboratory furniture
Cooling tower components
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6. Between 1946 and 1973 asbestos was often used to fireproof and
insulate schools. The Environmental Protection Agency estimates
that ~ore than 10,000 (10-15 percent) of the schools in the United
States contain asbestos. EPAls voluntary inspection and control
plan, instituted in March 1979i has not been sufficiently effective.
Only about 60 percent of the nation's schools have taken steps to
identify asbestos problems under this program. Proposed EPA
regulations (Federal Register, September 17, 1980, pp. 61966-97)
would require schools to be inspected for asbestos problems. EPA
is coordinating its proposal with rules being issued by the Depart­
ment of Education under the 1980 School Asbestos Act (Federal
Register, September 17, 1980, pp. 61950-64). The Education Depart­
ment proposal established a grant and loan program to assist local
education departments by funding up to 50 percent of the cost of
asbestos identification and control.

i
7. Because asbestos fibers are so small and fine, when breathed in,

they are not readily trapped by mucus Or nose hairs, and therefore
can easily enter the lungs. Once in the lungs, asbestos fibers
may lodge there and remain for life. Once lodged in t~e lungs,
asbestos fibers may cause lung cancer, mesothelioma (a rare cancer
of the linings of the chest or abdomen) and asbestosis, an incurable
and debilitating (but non-cancerous) lung disease. Asbestos fibers
can also be swallowed and may possibly cause cancer of the stomach,
colon and rectum. A government study predicts that as many as
20,000 asbestos-related deaths will soon occur each year and that
about 15 percent of all American cancer cases will be directly
linked to asbestos exposure. . .

51





PLAIN TALK

1. Are all types of asbestos harmful?

Yes. Every type of asbestos can cause asbestosis and/or cancer.
There are six major types of asbestos; anthophyllite, amosite,
tremolite, actinolite, crocidolite, and chrysotile. Each type can
cause asbestosis and each type can cause cancer. There is no safe
type of asbestos, however, recent studies suggest that some types
are "sa fer" than others.

2. How doe~ asbestos cause disease?

The answer to this,question is not fully understood by medical ,
scientists. This much is known: when disturbed, countless numbers
of invisible asbestos fibers can become airborne in the manner of
house dust. Because of their tiny size, these needle-like fibers
are easily inhaled and swallowed. Although many asbestos particles
are eliminated from the body through natural processes, many others
find their way into the lungs and respiratory tract. Here they can
become lodged in delicate tissues, causing lesions that eventually
result in disease.

Because of its remarkable durability, asbestos can remain in the
lungs and other tissues for a lifetime. Moreover, since asbestos
fibers can be transported by the blood stream and the lymphatic
system, they can migrate from the lungs, causing disease in other
parts of the body. .

People do not become sick immediately after inhaling asbestos. The
delay from the time of first exposure to the time asbestos disease
develops is known as the latent period. For most asbestos disease,
this latent period is anywhere from 15 to 35 or more years.

3. What kinds of disease are caused by asbestos?

Heavy exposure to asbestos can cause asbestosis, and greatly
increases the risk of lung cancer and cancer of the gastrointes­
tinal tract. Even lighter exposures to asbestos can result in
mesothelioma, a cancer of the membranes that encase the lungs and
line the abdominal cavity .

• ASBESTOSIS. Asbestosis is an incurable, untreatable scarring of
the lungs caused by asbestos fibers lodging in the lungs. In an
attempt to rid itself of these fibers, the body forms a shell of
scar tissue around them. As the scar tissue spreads, pulling
the lungs out of ~hape, the amount of oxygen transferred to the
bloodstream is reduced. Asbestosis normally takes 20-30 years
after exposure to develop, with no warning symptoms in the earlier
stages. The most obvious symptoms a person with asbestosis will
notice is shortness of breath. Activities that were always.routine
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or simple to accomplish, such as climbing stairs, lifting,
washing the car, etc., will cause severe shortness of breath
and become extremely difficult to perform without intermittent
rest. Also, many victims will develop a pain in the back or
chest and experience weight loss. No cure is known for asbestosis .

• LUNG CANCER AND GASTROINTESTINAL CANCER. Lung cancer is by far
the most common cause of death among asbestos workers today,
particularly among those who smoke cigarettes. Between 20 and
25 percent of all deaths in some groups of heavily exposed workers
are due to lung cancer. By comparison, about 4 to 5 percent of
all deaths in the general population are caused by lung cancer.
No one knows how much asbestos exposure is necessary to cause lung
cancer and gastrointestinal cancer. However, a study of 250
asbestos workers who were heavily exposed to asbestos dust for
periods of only three months or less shows that 25 years later·
they died of lung cancer at 3.5 tlmes the expected rate. Some
investigators consider it possible that a worker who was heavily
exposed to asbestos for just one day could develop cancer years
later as a result .

• MESOTHELIDMA. This type of cancer attacks the pleura, which is
the delicate membrane that encases the lungs~ It also attacks
the peritoneum, a similar membrane that. lines the abdominal
cavity. Twenty-five years ago, mesothelioma was so rare it was
considered to be a pathological curiosity. Today, more than 5

. percent of all asbestos workers di e of thi s di sease. Mesothe1i oma
takes from 20 to 50 years to develop. Remarkably, mesothelioma
almost never occurs without some, even a slight, history of exposure
to asbestos. Further, it is now being found increasingly in
people whose only known exposure to asbestos was that they lived
in the vicinity of factories where asbestos products were manu­
factured, or lived in the same house as workers who came home with
asbestos dust on their clothes. Mesothelioma is almost always
malignant, and, when malignant, is invariably fatal.

4. Will all persons exposed to asbestos eventually get cancer?

No. It is still unknown why different toxic materials affect people
differently. In the case of asbestos exposure, persons may be
working side by side with close to identical exposure. Some will
become diseased and some will not. Lung cancer, mesothelioma and
canc~rs of the stomch, colon and rectum are caused by asbestos
exposure. Scientists do not understand why asbestos causes cancer.
One explanation is that asbestos fibers absorb or hold other cancer­
causing chemicals in close contact with body cells. It has been
shown that a person heavily exposed to asbestos has a 30-90 times
higher risk of developing lung cancer if that person also smokes.

5. Are short term exposures to asbestos risky?

Yes. Until adequate studies are performed to establish safe exposure
levels, any exposure to asbestos should be considered risky. Low
levels of asbestos or short-term exposures (for example, just one day
working with asbestos) increases the risk of cancer and asbestosis.
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One study found that about 12 percent of workers in an asbestos
factory, exposed to asbestos for less than one month, died from
asbestos-related diseases 5-35 years later.

6. Who is exposed to asbestos?

Currently, asbestos provides jobs for 90,000 American workers.
It is found in virtually every workplace, and products containing
asbestos are common in homes, automobiles, schools, churches ­
everywhere. Indirectly, everyone faces the possibility of being
exposed to ~sbestos.

A very conservative estimate. is that 11 million workers have been
exposed to asbestos since the start of World War II - nearly half
of them in shipyards. Of the 4 million workers who have been
heaVily exposed, more than a third are expected to die of cancer.
The death toll among U.S. workers exposed to asbestos will
probably average 67,000 a year. .

There is disturbing evidence, however, that the hazards of asbestos
reach beyond the workplace and .endanger communities and families.
Unsuspecting passersby in the vicinity of construction or demolition
sites are also exposed to the asbestos dust released in these
operations. The general public is also exposed to measurable levels
of asbestos in schools, churches, office buildings, libraries, and
other public buildings in which asbestos was used in insulating,
fireproofing, or in the many other popular applications. Clearly,
asbestos could have a significant effect on community· health due to
its widespread use and toxicity. However, to date there have been
no comprehensive health studies of the effects of asbestos pollution
ona community .. Further, workers seldom realized that toxic
materials used in the workplace can be carried home. Numerous cases
of mesothelioma have been reported among people who live in the same
house with asbestos workers. Asbestos is brought home by workers
on their clothing, shoes, lunch boxes, tool boses, body hair, and
in the interior of the family car.





EDUCATION
RESEARCH

SERViCE

INFORMATION
SERIES-----

ASBESTOS:
Control of Asbestos Hazards:
Actions, Steps and Resources

OCCUPATIONAL HEALTH AND SAFETY SECTION
~NSTITUTEOF RURAL ENVIRONMENTAL HEALTH

110 VETERINARY SCIENCE BUILDING
COLORADO STATE UNIVERSITY

FORT COLLINS, COLORADO 80523
303/491-6151

~\





INTRODUCTION

Contamination of school buildings from asbestos-containing materials can
occur not only during construction and demolition, but also through
normal building wear and tear and maintenance. Considering the large
number of pupils, t~achers, and other school employees that may be
exposed, every effort to reduce exposure levels to as low as possible
is essential. It is the purpose of this pamphlet to outline the various
methods of asbestos exposure control available to school officials and
other school decision makers. Further thts pamphlet presents sev~ral

lists which should be helpful to school officials in obtaining addi­
tional information, professional services, and asbestos control equipment.
The control of asbestos exposure in.school buildings ma¥ be achieved
through the application of (1) physical controls and (2) through the
education of persons whose responsibility it is to complement and carry
out asbestos-control measures.
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INSPECTION AND
SAMPLING

.See Appendix A:

Gnoup.6 and
Onga.rUzaUoYL6
Capable 06
Conduc...U.ng
A-6 be6:to.6
I YL6 pec..Uo YL6 and
Sampu.ng

.See Appendix B:

Labona:toJUe6
Capable 06
A-6be6:to.6
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CONTROL OF ASBESTOS HAZARDS:

ACTION STEPS AND RESOURCES

Asbestos-containing material is commonly found in
spray~on form, on steel support beams and columns,
and on ceilings and walls of classrooms, corridors,
auditoriums, cafeterias, and gymnasiums. Other
common asbestos-containing materials include pipe
wrappings, ceiling tiles and boiler insulation.

When the inspection and sampling process is
conducted by school personnel, the following
procedures are recommended:

(1) Use a small container such as a plastic 35 mm
film canister or a small, wide-mouthed glass
jar with a screw-on lid. The container should

. be dry and clean.

(2) Gently twist the open end of the container into
the material. A core of the material should
fall into the container. A sample can also be
taken by using a knife to cut out or scrape off
a small piece of material and then placing it
into the container.

Be sure to penetrate any paint or protective
coating and all the layers of the material. If
the sample container cannot penetrate the
material, consider whether the material is
really friable or not.

(3) Tightly close the sample container; wipe the
exterior of the container with a damp cloth to
remove any material which may have adhered to
it during sampling.

(4) Tape the container lid to prevent the acciden­
tal opening of the container during shipment
or handling.

(5) Label the sample container. This label should
identify the school and date the sample was
taken, and bear a unique identification (10)
number.
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(6) Make a record of each sample by noting the date
the sample was taken, location of material
sampled, the area or room sampled, and the
sample 10 number. .

(7) Send the sample to an analytical "laboratory for
analysis.

If laboratory analysis establishes that asbestos
is present in a sample~ the pot~ntial exposure of
students and other building users should be
evaluated. Factors such as the condition of the
material sampled, characteristics of the building,
and human activity have significance in any
potential exposure situation. Appendix C provides
an easy scoring system which can be used as an aid
in assessing the potential of asbestos exposure.

If friable asbestos material is present and expo­
sure is occurring or will likely occur, corrective
action should be considered. The selection of the
method or methods of action should reach the most
efficient long-term solution after consideration of
material condition, location, function, and cost.

There are four approaches to controlling exposure:

(1) Removal: Asbestos material is removed and
disposed of by burial.

(2) Encapsulation: Asbestos material is coated
with a bonding agent called a sealant.

(3) Enclosure: Asbestos material is separated
from the buildin~ environment by barriers such
as suspended ceilings.

(4) Deferred action: No action is taken. The
area is inspected periodically for changes in
exposure potential .

Removal, encapsulation, and enclosure are correc­
tive methods and can be used separately or in
combination. Removal completely eliminates the
source of exposure to asbestos and is, therefore, a
permanent solution. Both enclosure and encapsula­
tion are containment methods.

When school maintenance personnel do re-fitting work
on boilers, or are in other ways required to disturb
asbestos-containing material, it is necessary to
provide them appropriate respirators and protective
clothing.
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Wearing a respirator is frequently the only feasible
method of controlling asbestos exposure. The type
of respirator needed -for example, air-purifying or
supplied-air--depends on the asbestos level in the
work environment (see Appendix I). For most repair
and maintenance jobs in school, the air-purifying
type of respirator will be sufficient; however~

it is good practice to discuss the nature of specific
jobs with distributors or other professionals when
purchasing respirators.

The use of respirators should not be taken lightly.
Since the devices pJac~ a burden on the respiration
of the wearer--and, at best, are a nuisance--a
determination must be made as to whether an
individual can use the equipment and perform what­
ever work it is that he is assigned to do. Factors
that must be considered in such a determination
include: physiologic/physical ones such as oxygen
needs for the task, hair, beards, and glasses;
medical conditions that may be present such as
pulmonary or cardiovascular disease; and psychologi­
cal disposition toward wearing a respirator.

It is also advisable to provide maintenance person­
nel with protective clothing, such as coveralls or
other full body clothing, head coverings, ~loves, and
foot coverings, when they are required to disturb
asbestos-containing material. If precautions are
not taken with clothing the potential for bringing
asbestos fibers home and thus exposing family members
exists. Disposable protective clothing is preferred.
When contaminated clothing needs laundering, it must
be placed in a sealed container and labelled so as
to protect others from exposure. If washed at home,
run washer empty to flush out fibers.

Cleaning operations are part of the normal work
routine, but procedures which will minimize dust are

. best. Asbestos dust must not accumulate on work
surfaces or tools. In cleaning operations which
may release asbestos into the air, "wet" methods
should be used wherever possible.

Workers should avoid blowing, dry brushing, or
dry mopping since these methods will spread
asbestos around the workplace. Vacuum cleaners or
wet wiping cloths will clear surfaces without
raising dust.

Anything taken into the workplace, such as food,
beverages, cigarettes, or personal belongings will
also pick up particles. All these materials must
be stored away from areas where asbestos is used.
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Eating, drinking, or smoking should never be
allowed where asbestos is present, since any of
these activities could allow the asbestos
particles to ,be taken directly into the body.

,Properly sealed containers are the place for
disposing of asbestos waste, scrap, debris, or
contaminated clothing which might produce air­
borne concentrations of asbestos. Waste mateiials
should be packed into labeled 6-mil plastic bags
held within 55-gal drums. Packed and sealed drums,
with proper labeling, should be delivered to
predesignated disposal sites for burial.

Implicit in the effort to control student and school
employee exposure to asbestos are several goals of
education-increased knowledge of:

(1) The nature of asbestos and diseases that may
result from exposure to asbestos fibers and
how these diseases are manifested.

(2) Appropriate work practices associated with the
removal, encapsulation or enclosure of asbestos­
containing materials.

(3) The methods and procedures of asbestos
identification and hazard assessment.

(4) Appropriate personal protective devices and
clothing which are necessary when working with
asbestos.

(5) Available resources--persons, organizations,
publications, manufacturers, distributors, etc.



APPENDIX A

Groups and Organizations Capable
of Conducting Asbestos Inspections and Sampling

Occupational Health and Safety Section
Institute of Rural Environmental Health
110 Veterinary Science Building
Colorado State Universtiy
Fort Collins, Colorado 80523
(303)491-6151

Hager Laboratories
12000 East 47th Avenue
Denver, Colorado 80239
(303)371-1441

Colorado School of Mines
. Research Institute

Post Office Box 112
Golden, Colorado 80401
(303)279-2581

Petrography Consultant
31720 Hilltop Road
Golden, Colorado 80401
(303)642-7559

National Institute of Occupational Health
and Safety

DHHS Regi on VII I
11037 Federal Building
Denver, Colorado 80294
(303)837-3979

Environmental Protection Agency
Region VIII
1860 Lincoln Street
Denver, Colorado 80295
(303)837-5927



APPENDIX B

Laboratories Capable of Asbestos Identification

Nearby

Hager Laboratories
12000 East 47th Avenue
Denver, Colorado 80239
303/371-1441

Colorado School of Mines
Research Institute
Post Office Box 112
Golden, Colorado 80401
303/279-2581

Other

United States Testing Company,
Incorporated

1415 Park Avenue
Hoboken, New Jersey 07030
201/792-2400

Walter McCrone Associates, Inc.
2820 South Michigan Avenue
Chicago, Illinois 60616
312/842-7100

Wausau Insurance Companies
Environmental Health Laboratory
2000 Westwood Drive
Wausau, Wisconsin 54401
715/845-5211

Health Sci.ence Associates
Sui te B/C,
10941 Bloomfield Street
Los Alamitos, California 90720
213/430-1031

Herron Testing Laboratories
5405 Schaaf Road
Cleveland, Ohio 44131
216/524-1450

lIT Research Institute
10 West 35th Street
Chicago, Illinois 60616
312/567-4303

Petrography Consultant
31720 Hilltop Road
Golden, Colorado 80401
303/642-7559

Utah Biomedical Test Laboratory
520 Wakara Way
Salt Lake City, Utah 84108
800/453-5653

EMV Associates, Incorporated
Microanalysis Laboratory
15825 Shady Gr~ve Road
Rockvi 11 e,. Ma ryl and 20850
301/948-7400

Environment/One Corporation
2773 Balltown Road
Schenectady, New York 12301
518/346-6161

Environmental Consulting &Testing
Services

Post Office Box 3521
Cherry Hill, New Jersey 08034
609/779-1195

Environmental Health Services, Inc.
5206 Lindbergh Boulevard
West Carollton, Ohio 45449
513/293-0025

Erie Testing Laboratories
2401 West 26th Street
Erie, Pennsylvania 16506
814/833-4790

Er1in. Hime Associates
fill Skokie nou1evarrl
Nor thbrook, 111 i noi s 6006?
312/272-7730



GCA Corporation
Technology Division
Burlington Road
Bedford, Massachusetts 01730
617/275-9000

Geoscience Consultants, Inc.
Post Office Box 341366
Coral Gables, Florida 33134
305/446-5801

Interscience Research
2614 Wyoming Avenue
Norfolk, Virginia 23513
804/853-8813

/

Jesse H. Bidanset &Associates,
Incorporated

Post .Office Drawer "0"
609 Middle Neck Road
Great Neck, New York 11023
516/829-8763

Law Engineering Testing Company
3301 Winton Road
Raleigh, North Caroline 27619
919/876-0416

LFE Corporation
Environmental Analysis Lab

Division
2030 Wright Avenue
Richmond, California 94804
415/235-2633

Maryland Mineral Analysis
Laboratory

Department of Geology
University of Maryland
College Park, Maryland 20740
301/454-3548

MJH Associates
Mineralogical Consultants
13345 Foliage Avenue
Apple Valley, Minnesota 55124
612/432-8836

Northrop Services, Incorporated
Post Office Box 12313
Research Triangle Park,

North Carolina 27709
919/549-0611

2

PEDCo Environmental, Incorporated
11499 Chester Road
Cincinnati, Ohio 45246
513/782-4700

Fay Goldblatt
407 North Butrick Street
Waukegan, Illinois 60085

·312/249-1745

American Can Company
Safety and Industrial Hygiene

Laboratory
U.S. Highway 22
Union, New Jersey 07083
201/686-4500

American Microscopy Laboratory
D. 3410 12th Avenue E
Tuscaloosa, Alabama 35405
205/349-2852

Analytical Center, Inc.
Post Office Box 15635
Houston, Texas 77020
713/676-0141

Boeing Technology Services
9R-25
Post Office Box 3707
Seattle, Washington 98124
206/237-2722

Brewer Analytical Laboratories
311 Pacific Street
Honolulu, Hawaii 96810
808/533-4411 .

C.E.D., Incorporated
Environmental Microscopy International
135 West Cutting Boulevard
Richmond, California 94804
415/234-3761

Casal ina Associates, Incorporated
47-345 Mahakea Road
Kaneohe, Hawaii 96744
808/239-6514

Princeton Testing Laboratory
Post Office Box 3108
Princeton, New Jersey 08540
609/452-9050 .



Southwestern Laboratories
Post Office Box 10687
Dallas, Texas 75207
214/688-0088

Saint Paul Fire &Marine
Environmental Services Analytical

Laboratory
494 Metro Square Building
Seventh and Robert Streets
Minneapolis, Minnesota 55440
612/221-7043

Sunbelt Associates, Incorporated
6961 Mayo Road
New Orleans, Louisiana 70126
504/242-5026

Thomas A. Kubic &Associates
8 Pine Hill Court
Northport, New York 11768
516/261-2117

Tri-State Laboratories, Inc.
54 Westchester Drive
Austintown, Ohio 44515
216/793-8800

Truesdail Laboratories, Inc.
4101 North Figueroa Street
Los Angeles, California 90065
213/225-1564

Industrial Analytical Laboratory
1523 Kalakaua Avenue
Suite 101
Honolulu, Hawaii 96826
808/949-6191

Industrial Hygienics, Inc.
755 New York Avenue
Huntington, New York 11743
516/427-0950

Industrial Testing Laboratories,
Incorporated

2350 Seventh Boulevard
Saint Louis, Missouri 63104
314/771-7111

3

Inter-City Testing &Consulting
Co"rporati on

Post 'Offi ce Drawer "0"
609 Middle Neck Road
Great Neck, New York 11023
516/829-8762

Certified Testing Laboratories, Inc.
2905'East Century Boulevard
South Gate, California 90280
213/564-2641

Clayton Environmental Consultants,
Incorporated

25711 Southfield Road
Southfield, Mi~higan 48075
313/424-8860

Continental Insurance Companies
Environmental Health Laboratory
1810 Commerce Street
Dallas, Texas 75201
214/748-7351

Department of Geological Sciences
SUNY, New Paltz
New Paltz, New York 12562
914/257-2166

Department of Geology
Illinois State University
Normal, Illinois 61761
309/436-8922

Eastern Analytical Laboratories
One "A" Street
Burlington, Massachusetts 01803
617/272-5212

EMS Laboratories
12517 Crenshaw Boulevard
Hawthorne, California 90250
213/973-6694

10



APPENDIX C

An Evaluation Aid in Assessing Potential Asbestos Exposure

NOTE OF CAUTION: This evaluation aid is presented to provide general
guidance. If there is any question as to the potential for asbestos
exposure to students and other building users, professional consultation
is necessary.

Directions for use
1. For each of the 6 factors, circle the most appropriate numerical

value (circle only one number per factor)
2. Add up all of the circled numbers, and refer to the "Action

Suggestions. II

Note: The minimum total value is ~, and the maximum total value
is 18.

[ACTIVITYI The potential, because of
room use, for damage to asbestos
containing material.

c.
\I

Numerical Value

2

3

Evaluation Category

Low activity areas. (e.g., closets and storage
rooms; conference room; faculty room; adminis­
tration offices; nurse's office; janitor's
room; boiler room)

Moder~te activity areas. (e.g., locker room;
music room; cooking, sewing and typing rooms;
science room; shops; general classrooms;
kitchen) ;

High activity areas. (e.g., gymnasium;
auditorium; cafeteria; hallways and stair­
wells; swimming pool; all purpose rooms)



Numerical Value

1

2

3

Numerical Value

1

2

3

-2

[ACCESSIBILITY:I The relative ease with
which the asbestos - containing material
may be reached or disturbed.

Evaluation Category

Totally enclosed/encapsulated or tightly
bound. (e.g., pipe lagging behind enclosed
radiators; floor tiles unless scored or sanded)

Generally inaccessible to school population.
(e.g., ceiling tiles and spray-on beyond
normal hand reach or potential damage from
thrown objects; pipe lagging in locked
closet)

Accessible. (e.g., pipe lagging, ceiling~

etc., within hand reach or subject to
damage from thrown objects~ymnasium,

. hallway, classroom ceilings)

ICONDITION! The degree of deterioration
and damage of asbestos-containing
material.

Evaluation Category

No damage at all.

Slight to moderate damage. (e.g., small
chips missing from ceiling tiles; mild
water stains on ceilings; loose pipe
wrappi ng)

. Severe damage. (e.g., scored or punctured
pipe lagging, loosely hanging material,
severe water damage, etc.)



Numerical Value

1

2

3

Numerical Value

1

2

3

3

!FRIABILITY[ The ease with which the
asbestos-containing material may be
broken apart.

Evaluation Category

Nonfriable. (i.e., potential asbestos
firmly bound such as in some floor tiles
and pipes; material cannot be broken or
fractured with hands)

Moderately friable. (i.e., material may be
broken or fractured with hands, but breaks
up in relatively large pieces)

Very friable. (i.e.; material is easily
broken apart with hands and easily crumpled
with fingers)

lAIR MOVEMENT [ The de0ree to which
asbestos fibers may accumulate at
sample site.

Evaluation Category

Presence of mechanical air moving system
which exhausts air to building exterior

Limited air movement (i.e., open doors and
windows, ceiling fan, etc.)

Essentially no air movement

l~



Numerical Value

1

2

3

4

4

IPERCENT ASBESTOS [ The amount of
asbestos contained in the material.
(NOTE: This will be ,indicated on the
laboratory analysis report.)

Evaluation Category

One to-lOpercent

Eleven to 25 percent

Twenty-six to 50 percent

Fifty-one percent or more

Numerical Value Total
(Add up circled numbers)

(

Action Suggestions

If total
value
equals

Defer Action 6-8 If it is determined that the exposure
is negligible or that there is no
potential exposure, action can be
deferred. However, a continuing
inspection program is necessary to
ensure that if the situation changes,
steps will be taken to control
exposure.

. .

Corrective Action 9-18 This may include removal, encapsula-
tion, or enclosure. A professional
should be consulted in making this
decision.
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APPENDIX E

A Comparison of Asbestos Replacement Products

The materials presented in the chart below are available in a variety
of product forms. The aluminum borosilicate, aromatic polyamide; and
fiberglass are woven into textiles and are available as cloth tapes
and sleeving, fire blankets, welding blankets and personal protective
clothing. The alumino silicate material is available as a paper,
textile, tapes and sleeving, boards, bulk fiber, 'cords and yarn, and
semi-liquid forms for general refractory repairs.

Chrysotile Alumino- Aluminum
Property Asbestos Fiberglass Sil icate Borosilicate

Maximum Contin-
uous Use Tempera-
ture (oC) 600 538 1260 593

Degradation 700-760 1790 1145
Temperature melting melti ng melting
(oC) up to 1700 point point point

Cloth tensile
strength (lbs) 50-200 500-600 65-100 500-600

Fiber tensile
stren~th 3100
(MN/m) . average 1700 2760 3447

Fiber Fiber
Diameter (~m) 0.03-100 2-3

Fibril 0.02 14.7 average 9

Fiber 1ength Fiber 1-80 continuous
(mrri) Fibril 0.25..5 152-254 40-250 filament



APPENDIX F

Distributors of Asbestos-Free Products

A-Best Products Company
3865 West l50th Street
Cleveland, Ohio 44111
216/941-9400

Auburn Manufacturing, Incor-
porated

Post Office Box 201
Mechanic Fa11s~ Maine 04256
207/345-8771

. Waco
Post Office Box 24347
Richmond, Virginia 23224
804/271-0111

Newtex Industries r Incorporated
Ra i 1road Avenue
Post Office Box 25
Victor~ New York 14564
716/924-9135

For Encapsulation Materials

KRC Research Corporation
315 North Washington Avenue
Moorestown~ New Jersey 08057
609/234-3060

u.s. Coatings Collaborative~

Incorporated
201 Marginal Street
Che1sea~ Maryland 02150
617/884-6644



APPENDIX G
Material Safety Data Sheet
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InJonnation to look for
and how it can be used

in everday
industrial situations

O(Fonn OSHA-20)

Are you
getting

•maxlmwn
benefit

from
.OSHA's

'Material
Safety
Da~ta

Sheets~<:

?•

by George J. Danke

R ecently I heilrd an OSHA
Compliance ,()flicer ask a
!ihop superintendent, "Do

you have 'Material Safety Data
Sheets' available to you?" The reply
was, "Yes, I do and' think having
the data would be a great idea If I
couJd understand whot It is I'm sup­
posed to get out of It. "

Overhearing that conversation
made me suspect that Ihe majOrity
of the work force who should benefit
from having a "Material Safety Data
Sheet," do not because the sheet
has not neen given to them by their
supervisors.

AU Industri{'o; II~III!I ha1,iHrious ma-

terials can and should be uhllzing
"Material Saft!ly Data Sheets." Ob­
taining a Data Sheet on a given
product Is a relatively simple matter.
Most manufacturers of hazardous
materials are cooperative and re­
spond to requests for such sheets.
The Data Sheet is required under
lJ. S. D.L. Safety & Heallh Regula­

Hons for Ship Repairing, Ship Re.
building and Ship Breaking (29-CRF
1915-1916-1917), However the
form Is 1J0t resmcied to--this industry
and is available to all. In many
cases, purchasing departments
and/or purchasing agl'nts have' in-

. slructions that Form USHt\-20 (Ma-

~~

terii,1 Safety Data Sheet) is to be reo
queslcJ with purchases of all
hdZdrdous materials, chemicals, sol­
vents, painl, paint thinners, degreas­
ers, etc.

At Ihls point, It is suggested Ihat
consideration be given to conduct
an j'wentory of your operation to be
certain 1I'..lt a Data Sheet is available
for .?very hazardous material on the
premises. Also, follow thIS effort with
necessary precautions to ensure the
safe use of these items, Every
meniber of the management staff
sho\ llel be acquainted with the Data
She.·j dlld be able to Interpret Its
medlllll~ or else have access to
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ancVor saving of the physical prop­
erly.

'.

S~(;tion m.."hyslcal data
(Boiling point_OF.) .
In initJating a fire, materials of high
boiling points are rarely above their
flash points at ambient temperatures
and only the mere volatile (IowQoII~

ing point) wiu be expected to show,
special hazards. As a rule, the boiling
points and the flash points tend to
parallel each other and the low boil­
ing point material will greatly di­
minish its Intrinsic danger as a
source of fire hazard.

SecUon U-hazardous
ingredientfi .
TLV (Threshold limit Valu~) are
published by "The American Con­
fcnmce of Governmental Indusb1a1
Hygienists" and have been adopted
by OSHA and local authorities. The
values teU us the permissIble or al­
lowable airbome concentrations of
the subst~nce in question for 7 or 8
hour workdays und 40 hour work
weeks._

in order to dclermlne the ~l.po.
sure In your area, em Industrial
hygienist can take re.-1.dings with spe­
cial equipment. The hygienist can
als!) advise if there Clre ady problems
related to substances In the air.

Armed with this information,
necessary steps can be taken ~o as­
sure i~at adequate personal protec­
tive equipment is available and

. used. Exhaust systems can be
checked to see if they are suffiCient
to provide the Threshold Urnlt Val­
ues Standards caUed for.
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someone In the organization who
does have that knowledge and
abl1lty.

I have often suggested to man­
ufacturers that a meeting be held
with the entire plant admlnlstrallve
staff for the purpose of expillining
the meaning and application ()f the
Data Sheet. The following Is sug­
gested as a guide for conducting
such a program.

1. Someone on staff should be
assigned the r~~l;' ,l\sibUily for
seeing to It that Material Safety
Data Sheets are obtaln~d for
all hazardous materials in the
plant as well as those to be
purchased In the future .

. 2.; If special precautions are indl­
. catt!d (\ .. 11 the staff is not
knowled~t!&1ble regarding the

technical applications involved,
expert advice from an indus­
trial hygienist, fire prolection
engineer or chemist should be
solicited.

3. Review the form, section by
section.

Section 1-· hazardous material
and manufac.turer
Pay particular attention to the
"Emergency Telephone Number."
Should an emergency occur, this in­
formation should be readilr,r avail-
able. .

Every supervisor should be aware
of the significance of this section.
Having this data available when an
emergency occurs Cdn mean the dif·
ference between lift' and death

<t .)"

(Vapor pressure-mm rig.)
Knowled~-l€ of the vapor pressure of
d particular iiquid can be of consid­
erable help to tne flrefighter. FIrSt, It
lets him estimate how much vapor Is
present above the liquid in a' closed
container. Second, by. dividing
V,lpor pressure by 14.7 he Cdn de­
termine the pcrcenta::le of vapor
present. Whether or nof this percen­
tage is within the flammClble r.::.nge
is e<lsily detennined from Standards
tables.

The amount of vapor produced
by a liquid, at any temperature, is di­
rectly related to its vapor pressure
and Its boiling ·point. In generc\I, the
lower the boiling point of the liquid,
the higher its vapor pressure and
ev"poralion rate. In li4Uids with simi·
lill flash points. the one with the



-

HSev.eral reports of major
flammable liquid fires

speak of 'running rivers of fire'
pouring from a building."
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lower boiling point Is considered
more hazardous.

(Vapor density-AJR=1)
Vapor density Is the relative density
of a vapor or gas (wHh no air pres­
ent) as compared to air. Air Is rated
as I{ 1.0). A figure of less than 1 In­
dicates a vapor or gas Is Ughter than
air. A figure greater than 1 indicates
a vapor or gas Is heavier than air.
Density, Itself, Is the weight of a
vapor per unit volume at any given
temperature and pressure.

NaturaUy, all vapors heavier than
air tend to drop through the air Into
which they are released until they
encounter an obstruction, such as a
floor, after which they tend to
spread at this level, much in the
same manner as if they were liquids.
On the other hand, vapors lighter
than air tend to rise through the air
until an obslnlctlon, such as a ceil­
Ing, Is encountered after which they
spread at the high level.

The tendency Is less absolute than
with liquids because the diffenmce In
density as compared with air' is
much less than with any liqUid, and
air currents produce mixing. Some
mixing with rhe air Is Inevitable and
the nearer to air the density Is, the
greater the mixing.

(Solubllltv in water)
InformatJoll on the de~ree to which
a f1ammahle Itquirl is soluble In
water is useful in determining effec­
tive exllngulshlng agents and
methods. Alcohol-resistant type'
foam, for exam::>le, Is usually rec-'
ommended for water soluble Uqulds.
Also, water. soluhle flammable
liqUids may be extinguie;hed by dilu­
tion. This method is not commonly
used because of the amount of
water required to make most liqUids
Inflammahk ,,1-,0, there may be
danger ot IIIHI I ... C ill III~ methud if

the burning liquid Is heated to over
212°F.

(Appearance and odor)
This wiUglve assistance In Id~.mtlfylng

. the substance, should It become
separated from Its normal storage
place or regular usage.

(Specific gravlty-Hp=l)
For this purpose, specific gravity
means the weight of a saUd or liquid
substance, as compared to the
weight of an equal volume of water.
The specific gravity of water Is,
therefore, 1.0. A liquid or saUd with
a specific grav1ty of less than 1 will
float all water. If its specific gravity Is
more than 1, It will sink. Water sol­
ubility of a liquid has some bearing
on whether It will sink or float.

Most flammable liquids (but not
all) are lighter th'lIl water. Gasoline
is an example. !:Surnlng gasoline
floating on lop of running water ca!1
spread fire at an awesome rate.
Several reports of major flammable
liquid fires speak of "running rivers
of fire" pour1ng from a building. The
danger to exposure Is obviOUS.

(percent, oo/atlle byuo/ume (%1)
. Volatility Is determined by the ten­
dency of a liquid or solid to-vapoRize
at ordinary temperature.

Volume Indicates the number of
cubic feet or liters of solvent formed
hy the evaporation of a 9.1 lion of
that liquid at 75°F. or 23.89u C.

Explosive IImlle; are the minimum
and maximum concentralion of
vapOr or gas In air ur oKygen below
or above which explosion does not
occur In presence of d source of Igni­
tion. The explosive or ,flammable
limits areusllally expressed In. tenns
of percentag~ by volume of vapor In
the air. Range indicates the area be­
tween the lQV,Ier and higher explo-
sive Iimils. .

Explosion venl1nfJ Is provided fUf

,the release of high pressures caused
by explosions.

Euaporatlon rate) (--- -=1)
Evaporation rate ls the rate al which
a liquid Is converted to the vapor
state at any given temperature and
pressure. AJI materials evaporate; It
ls the dlfferlng rates of evaporation
of mixtures that Is of primary con­
cern to fire protection. In general, as
the boiling point decreases, the
vapor pressure and the evaporation
rate increases. Knowing the physiC41
rlata of a product gives a guideUne
lor proper handling and salvage of
the Hem.

Sect!on IV....;.,fire
alnd exp!os!on hazard data

.(Flash point~ethod used)
This Is the lowest temperature at
which a mixture of the vapor of a
liqUid and surrounding air which can
be ignited Is fomled. It can be mea­
sured by means of two different
methoos, a closed cup and an open
CUD.

(Extinguishing media)
The Information contained here wlU
advise you as ~o the type of fire pro­
tection emergency equipment that
needs to be available where the sub·
ject material Is present.

(Special fire fighting procedures)
When the material is received and Is
found to be exceptionally halard·
OilS, an effort should be made to de­
termine how a fire would be fought
should one develop, and arrange­
ments made to have the proper ex·

. lingulshlng material on hand and
personnel properly Instructed In the
use of this material.

(Unusual fire and explosion hazards)
Here again, particular attention
should be given to the manufac-·
IIlr,·,'s recommendations for fire
.fi!II.:lllq procedures and e4u1pment

,,... ("0,, P"'\ ,.,1, 1n..,"._".ft



IJ.the supervisor does
not understand . ..

how can he know
what conditions

to avoid?

required {or this particular material.
In .these cases; preP!lration for the
prevention of fire and the provision
of proper fire protection equipment
should commence at the time the
material Is ordered.

(Flammable limits)
J.EL-Lower Explosive Limit';
UEL-Upper Explosive Limits
The above readings are taken with
an explosion meter and advise as to
lhe exploslbility of a given sub­
stance. Concentrations of .vapor
below the lower explosion limits are
too lean to cause explosion and
concentrations above the upper
explosion limits are too rich to allow
explosion. Readings taken which in­
dicate a concentration between the
lower explosive limits and upper
explosive limits are in the range
where an explosion could occur. A
careful review of this information will
outline the fire fighting and fire pro­
tection needs for the product

Section V-Health hazard data
All supervisors should be familiar
with the meaning of T.L.V. Then
they will understand and refer to
proper reference material to deter­
mine the effects of overexposure.
P,recautlons can be taken from
standpoint of emergency and first
aid procedures.

Section VI-Reactivity data

The importance of acquainting
production supervisors with basic
knowledge in this area cannot be
over-emphasized. Only then call
they fully appreciate the need for the .
kinds of protection required, If the
supervisor does 1I0t understand the
following, how can he know what
conditions to avoid?

Stabilitv
Unstable materials polymerize, de­
compose, condense or become self­
reactive when exposed to air, water,
heat, shock or pressure.

Stable materials are materials
which normally have the capacity to
resist changes in their chemical
composition despite exposure to air,
water, heal, shock or pressure. Sta­
ble materials may bum. For exam­
ple, most solids fall Into this cate­
gory.

Section VII-Spill or leak
procedures
Manufacturers advise as to what

needs to be done, should a mater1al
leak from a tank or be spiUed on the
floor. Pay special atrentlon. to these
instructions as some materials can
be extremely dangerous when
spilled.

1/1 Inany Instances, waste disposal
can result In very serious conse­
quences If not handled properly.
You should know If the material can
be It ldnerated, taken to a dump or
di:.puscd of in sewers. ,

If, after pursuing the special pro­
tection information, it Is noted that
the necessary equipment is not on
hand, the product should not be re­
leased for use until the cquipment is
available. Firm guldeUnes for these
areas need to be set and endorsed If
problems cue to be avoided.
Perhaps an audit to determine how
your facility stands In this area would
be in order.

Section VUI-Special
protection information"
If the type of respiratory protection
rccommended is not available, see
to It that the proper type Is obtained
and the use of it enforced.

Information relative to ventilation
can be of vital Importance In the
proper storage and lise of the sub­
stance for which the data sheet Is
written. If proper exhaust Is not
avaUable, see the maintenance de­
partment and have arrangements.
made to satisfy the need. Assistance
may be required to check ventilation .
equipment to determine Its adequa­
cy.

Eye protection, protective gloves
and other protective eqiJlpment is an
area requiring careful scrutiny. Too
often we make do with what we
have on hand rather than obtaining
recommended safety equipment.
Employees must be taught proper
use and care of these articles. 0

References
1. Handbook ojlndusiri"al Loss Preuen­

tlon prepared by the Staff of the Fac­
tory Mutual Engineering Division,

. McGraw-Hili Book Company, Inc.
-1959. ,

2: National Fire Protection Association's
FIre Proled;on Handbook, 14th Edi­
tion, published by The National Fire.
Protection Association, Boston,'
Massachusetts-Copyright 1976. In
parti~~ldr, page 3·20 "Evaporation
hole.
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APPENDIX H

RESPIRATORS
NAMES AND ADDRESSES OF MANUFACTURERS AND DISTRIBUTORS

Ace Enterprises, 826 Northwest 144th St., Miami, FL 33168.
Acme Automotive Finishes, 101 Prospect Ave., Cleveland, OH 44115.
American Optical Corp., Safety Products Div., 14 Mechanic Street, Southbridge,
MA 01550.
Anderson Manufacturing Co., 1014 Fox Chase Road, Rockledge, PA 19111.
Bendix Corporation, P. O. Drawer 831, Lewisburg, WV 24901.
Binks Manufacturing Co., 9201 W. Belmont Ave., Franklin Park, IL 60131.
BioMarine Industries, Inc., 45 Great Valley Center, Malvern, PA 19355.
Bowen Tools, Inc., P.O. Box 3186, Houston, 'TX 77001.
Browning Ferris Industries, Fannin Bank Building, Houston, TX 77025.
Bullard, E. D., Co., 2680 Bridgeway, Sausalito, CA 94965.
Cesco Safety Products, Parmelee Industries, Inc., P.O. Box 1237, Kansas City, MO 64141.
Clemco Industries, 2177 Jerrold Ave., San Francisco, CA 94124.
Clemtex, Ltd., 248 McCarthy Drive, Houston, TX 77020~

Cover, W. S. Co., 107, East Alexander St., Buchanan, MI 49107.
Defense Apparel, 285 Murphy Road, Hartford, CT 06114.
DeVilbiss Company, 300 Phillips Ave., P.O. Box 913, Toledo, OH 43692.
Dragerwerk, AG, 0-24 Luebeck 1, Postfach 1339, WEST GERMANY.
Eastern Safety Equipment Co., 45-17 Pearson St., Long Island City, NY 11101.
Empire Abrasive Equipment Corp., 9990 Gantry Road, Philadelphia, PA 19115.
Encom Manufacturing Co., 4914 Dickson St., ~oustbn, TX 77007.
Fiber-Metal, P.O. Box 248, Concordville, PA 19331.
Glendale Optical Co., 130 Crossways Park Drive, Woodbury, NY 11797.
Globe Safety Products, Inc., 125 Sunrise Place, Dayton, OH 45407.
Kelco Sales and Engineering Co., P.O. Box 422, Norwalk, CA 90650.
Key Houston, Inc., 13911 Atlanta Blvd., Jacksonville, FL 32225.
Lear Siegler, Inc., 714 North Brookhurst St., Anaheim, CA 92803.
Mohawk Industrial Supply Company, P.O. Box 945, Manchester, CT 06040.
Mine Safety Appliances Co., 400 Penn Center Blvd., Pittsburgh, PA 15235.
3M Company, 3M Center, Building 230-H, St. Paul, MN, 55101.
Northcott Products Co., 1826 W. Diversey Parkway, Chicago, IL 60614.
Norton Safety Products, 2000Plainfield Pike, Cranston, RI 02920
Pauli and Griffin, 137 Utah Ave., South San Francisco, CA 94080
Pulmosan Safety Equipment Corp., JO-48 Linden Place, Flushing, NY 11354.
Robertshaw Controls Co., 333 North Euclia Way, Anaheim, CA 92803.
Safe-Tex, Toronto, Ontario, CANADA.
Safety and Supply Co., 5510 East Marginal Way South, Seattle, WA 98134.
Schmidt Manufacturing Inc., Houston, TX.
Scott Aviation, Division of ATO, Inc., 225 Erie Street, Lancaster, NY 14086.
Sellstrom Manufacturing Co., 59 E. Van Buren St., Chicago, IL 60605.
Siebe Gorman, Ltd., Chessington Surrey, ENGLAND )
Standard Safety Equipment Corp., P.O. Box 188, Palantine, IL 60067.
Stewart-warner, Chicago, IL.
SurvivAir, Division of U.S. ,Divers Co., 3323 W. Warner Ave., Santa Ana, CA 92702.
Titan Abrasive Systems, Inc., P.O. Box 3, Furlong, PA 18925.
United States Safety Service, Parmelee Industries, Inc., P.O. Box 1237, Kansas City,
MO 64141.
Willson Division, ES8 Incorporated, 2nd and Washington Sts., Reading, PA 19603.



APPENDIX I

Respirator Limits for Asbestos Exposure

Limit

Up to 10 times.
permissible
limit*

Up to 100 times
permissible
1imit*

Up to 1000 ti mes
pennissible
limit*

Respirator Type

Air-purifying respirator,
disposable or single-use
type

Powered air-purifying
respirator, full face­
piece

Type "C" supplied-air
respirator, continuous­
flow or pressure-demand
class

Description

Filters trap asbestos
fibers on surface

Self-contained, battery­
operated unit which
f~rces fresh air into the
ma'sk

Central compressor
supplies air to mask
through connected air
lines, or through use of
a tank.

*Permissibleexposure limit is two asbestos fibers/cc 3 averaged over an
eight-hour shift. No worker may be exposed to airborne concentrations
in excess of this limit.

All respirators must be NIOSH-approved.



APPENDIX J

Manufacturers and Distributors of Protective Clothing

A-Best Products Company
3865 West 150th Street
Cleveland, Ohio 44111
216/941-9400

Waco
Post Office Box 24347
Richmond, Virginia 23224
804/271-0111

Newtex Industries, Incorporated
Railroad Avenue
Post Office Box 25
Victor, New York 14564
716/924-9135

Bullard Safety
2105 West Amherst Avenue
Englewood, Colorado 80110
303/761-5100

Union Safety Products
5460 Colorado Boulevard
Denver, Colorado 80216
303/534-2202

Norton Safety Products
2000 Plainfield Pike
Cranston, Rhode Island 02920
401/943-4400

Roe
4255 Jason Street
Denver, Colorado 80211
303/433-8901

Duncan Supply, Incorporated
2650 South Zuni Street
Englewood, Colorado 80110
303/922-3679

Neese Industries, Incorporated
Post Office Box 628
Gonzales, Louisiana 70737
504/644-6553

Durafab
Post Offic~ Box 658
Cleburne, Texas 76031
817/645-8851

bl



APPENDIX K

Manufacturers and Distributors of Asbestos Vacuums

Waco
Post Office Box 24347
Richmond, Virginia 23224
804/271-0111

Nilfisk of America, Incorporated
201 King Manor Drive
King of Pru~sia, Pennsylvania 19406
215/277-3900

American Cleaning Equipment Corporation
111 South Route 53
Addison, Illinois 60101
312/627-6900

)

\



APPENDIX L

Manufacturers and Distributors
of Wetting Agents for the Wet Removal of Asbestos

Aquatrols Corporation of America
1400 Suckle Highway
Pennsauken. New Jersey 08110

Occidental Chemical Company
Institutional Division
Box 198
Lathrop. California 95330

Target Chemical Company
1280 North Tenth Street
San Jose. California 95112

Vineland Chemical Company
Box 745
Vineland. New Jersey 08360

Leffingwell Chemical Company
Box 188
Brea. California 92921

Rohm and Haas Company
Agricultural Chemical Department
Independence Mall
West Philadelphia, Pennsylvania 19105

Thompson-Hayward Chemical Company
Box 2383 .
Kansas City. Kansas 66110



APPENDIX M
Policy Statement for Asbestos Waste



4210 EAST 11th AVENUE· DENVER, COLORADO 80220- PHOI~E 320-8333

August 20, 1979

TO:

SUBJECT:

county Commissioners
Environmental Health Directors
County Sanitarians

POLICY STATE~!ENT FOR ASBESTOS \\ASTES

The Environmental Protection ~~epcv has recently undertaken ~ Drogram. . .

to remove from public buildings certain asbestos-containing construction
~aterials because airborne asbestos fibers represent serious respiratory
hazards, including increased risk of lung cancer. Mesothelioma, a cancer
of ceitain tissues in the lung cavity, has long been associated with
industrial exposure to asbestos fibers; recent discovery that asbestos
construction materials have produced airborne fibers has led to concern
of increas~~ respiratory hazards to occupants of public buildings, especial­
~~ schools. Individual fibers are invisible to the n3ked eye and remain
~uspended for prolonged periods once airborne. Since the fibrous material
is a mineral, it persists in the environment essentially forever, and can
be a source of exposure anytime in the future should it ~ecomc airborne.

Control Policv
The production of asbestos-containing ~aste from the EPA-supported

re~edial action program and the inherent hazard and p2rsistence of the
material have led this De?artm(;'nt to require the follclY'ing measures for
the protection of Colorado citizens due to the handling and disposal of
asbestos wastes:

1. Removal, Handling, and Containerization of ~aterials ccnt~ining

asbestos from any rublic buildings in Colorado shall be in accordance with
specifications provided in EPA Publication No. EPA 450/2-78-014 entitled
"Asbestos-Containing Materials in School Buildings - A Guidance DOCu;;lent".
Removal, handling and containerization operatiuns can be safely cdnducted
if the res?iratory protection measures and wetting-down procedures contained
in the EPA specifications are followed. The Contain~rization Specificatio~s

require packing friable asbestos-coniaining m3t~rials (defined as any
m3terial that contains more than one percent asbestos by ~cight that can
be cntr.lbled, pulverized. or reduced to ;:>o\Jder, \-:hen dry, by hand pres&ure)
in plastic bags and placement -of th~se in sl'alcd fiber or l:Jetal druras. If
so contained, the material will be accept3ble for ship~cnt.by conventional
means.
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2. Transpottation of containerized asbestos-containing rnateri~ls shall
provide for 1abe1lir.g of all bags and shipping drums \.Tith a o.;rarning that
states: "Caution, Contnins Asbestos, .~void Opening or Breaking Container,
Hazarcous if Inhaled, If Spilled - Cover or Use ~etting Agent to Prevent
becocing Airborne."

3. Di~pos~1. of frieble asbestos-containing '-'2stes in the State of
Colorado shall be permitted only at a site 3?proved to receive such
\;2stes 3r.d ....-nich is' operated in accordonce \,'ith provisions stated bel,ow.
A site ~st he able to: a) assure long-term cere under either state or
federal oversigh t', b) provide for a specific location ""i thin the property
for all asbestos ...astes received, c) provide daily cover in accord2nce
with EPA Regulations (40 CFR, 61. B, 61.25) and at least 2 fect of final

.... :?arth co-,;er for the \.;astes, and d) maintain a pCI:F-.,;anent record o:f the
locatioo and quantity of W3StcS ,disposed. These r~quire~ents Dre instituted
in order that these hazardous materials will pass to future generations
in a confined \.'ell-k..'1o\ffi location. Although r;:.>ny sites are sufficient to
contain asbesto~ \.·2ste~ safely. lhese lons-telIT. czre cor.si,cerations .tre
required so that future,generations Day provide ~hatever protectiun they
ru2Y think necessary 1Jith r.linir..al effort.. Iile LCTJ.l)' L2ndfill 5'ite out~ide

the metropolitan 'area of Denver. Colorado now meets these basic requiren.:.nts
a;.d is 3pproved rur acceptlng end disposlng of f£laSle asb~SLos-c~ltaining

....-.":lstes.

4. Di~Dosa~eratj_o~at ~pproved sites shall be conduct('~ in a
manner so tbat \.:orkers un] 02ding sealed drums or bogs containing fri.:lb1e
2sb~sto5-contAining~asles and ~quipnent operaEors ~orking on the-disposal
of such ~astes are protected from inhalation hazards by proper respiratol~

plct<:ction and ·the use of ',jetting solutions ....11(:n nec<::ssary. TIle sc:a1cd
bag: containing asbestos ....'ast~s ;:)3)' be rCr.loved irom the shipping drums at
the site. end the clrums rcu~ed except that. if a bag is broken or da~aged, •
the b?.g shall b~ buried inside the cl::-llm. The site o?erator shall pruv:i de
s,:per ..... ision of the disposal operation sufficient to Ulcet these requirc·;;ll?nts.
The disposal .:!rea 5bClll be posted. and otl,er [;lc-2SUres necessary to prcvent
the cisposed and covered material from being e:-:cc:vated or othenJise beconing
ai.rborne shall be undertaken.

Effective Date

. Tnis ?olicy, for reL:1oval. h;,ncl1ing, containerization. and dispo~al. of
friable asbestos-cont;;iniilg nJ.Jlerials is effective August 20, 1979 cmd
~uperce~es int~<im re~uirc;;l~nts pr~viously issued by this De?artrncnt.

":...ni.: ';t.~:; haw
cc: J. Y~aglcy, EPA Region VIII

:,.



APPENDIX N

Manufacturers and Distributors
of Labels for Asbestos Waste Materials

Nancol Enterprises, Incorporated
Post Office Box 52742
Houston, Texas 77052
713/644-2544

Stonehouse Signs, Incorporated
Post Office Box .546
Arvada, Colorado 80001
303/422-2356

UNZ and Company
190 Baldwin Avenue
Jersey City, New Jersey 07303
800/631-3098



APPENDIX 0

Sources of Infonnation-{)rganizations and P'ublicati,ons

ORGANIZATIONS

1. Institute of Rural Environmental Health
Occupational Health and Safety Section
110 Veterinary Science Building
Colorado State University
Fort Collins, Colorado,80523

2. Asbestos Workers International Union
1300 Connecticut Avenue, N.W.
Washington, D.C. 20036

3. Health Research Group
2000 P Street, N.W. No. 708
Washington, D.C. 20036

4. National Institute of Environmental Health Sciences
Public Information Officer
P.O. Box 12233
Research Triangle Park, North Carolina 27709

5. Oil, Chemical and Atomic Workers International Union
P.O. Box 2812
Denver, Colorado 80201

6. Mt. Sinai School of Medicine
Environmental Sciences Laboratory
5th Avenue and 100th Street
New York, New York 10027

7.. Scientist1s Institute for Public Information, New York
355 Lexington Avenue
New York, New York 10022

8. Labor Occupational Health Program
2515 Channing Way
Berkeley, California 94720

9. Western Institute for Occupational/Environmental Sciences, Inc.
2001 Dwi ght Way
Berkeley, California 94704

10. Food and Drug Administration
Parklawn Building
Rockville, Maryland 20850

11. Johns-Manville Corporation
Health, Safety and Environment Department
Ken-Caryl Ranch
Denver, Colorado 80217

12. Colorado Department of Health
4210 East 11th Avenue
Denver, Colorado 80220 ~~
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13. Colorado Department of Education
State Office Building
201 East Colfax Avenue
Denver, Colorado 80203

14. Cancer Information' Clearing House
National Cancer Institute
Office of Cancer Communications
9000 Rockville Pike, Building 31, Room 10A18
Bethesda, Maryland 20205

15. Regional Health Administration
DHHS, Region VIII
11037 Federal Building
Denver, Colorado 80294

16. National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinnati, Ohio 45226

17. National Institute for Occupational Safety and Health
DHHS Region VIII
11037 Federal Building
Denver, Colorado 80294

18. Occupational Safety and Health Administration
200 Constitution Avenue, N.W.
Washington, D.C. 20201

19. Occupational Safety and Health Administration
USDOL Region VIII
Room 1554/1961 Stout Street
Denver, Colorado 80294

20. Environmental Protection Agency
401 MStreet, S.W.
Washington, D.C. 20460

21. Environmental Protection Agency
Region ·VIII
1860 Lincoln Street
Denver, Colorado 80295

22. Consumer Product Safety Commission
1111 18th Street, N.W.
Room 303
Washington, D.C. 20207

•



PUBLICATIONS

1. Asbestos Containing Materials in School Building: A Guidance Document, Parts
1 and 2. 1971. Booklets. '"I

Avail: Environmental Protection Agency, 1860 Lincoln Street, Denver, CO 80295.
Telephone: (303) 837-3926.

2. Asbestos Disease - Are You Covered? K. W. Carlson; R. A. Fowler. Brochure.
Avai 1: Western Institute for Occupati onal /Envi ronmenta1 Sci ences, Inc.;

2001 Dwight Way, Berkeley, CA. 94704
Telephone: (415) 845-6476.

3. Asbestos Exposure: A Desk Reference for Communicators. May 1978. Booklet:
Order No. NIH-79-1622.
Avail: National Cancer Institute, Office of Cancer Communication, Bldg. 31,

Rm. 10A18, 9000 Rockvi1ie Pike, Bethesda, MD 20205.
Telephone: (301)496-5583

4. Asbestos Exposure: What It Means, What To Do. 1978. Brochure: Order No.
NIH-79-1566. .
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm. 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583.

5. Cancer Information in the Workplace: Annotated Bibliography of EducationQ1
Materials for the Public and Health Professionals. May 1979. Booklet: Order
No. NIH-79-2001.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm. 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583.

6. Carcinogens: Regulation and Control. 1977. Brochure: Order No. NIOSH-77-205.
Avail: National Institute for Occupational Safety and Health, Publications

Office, 4676 Columbia Parkway, Cincinnati, OH 45226.
Telephone: (513) 684-4287.

7. Health Hazards of Asbestos: Series: Cancer Alert. George Washington Uniyer­
sity Medical Center, Science Communication Division. 1979. Brochure; Order
No. OSHA-3040.
Avail: U.S. Department of Labor, Occupational Safety and Health Administration,

Office of Publications, RM. N-3423, 200 Constitution Ave., N,W.,
Washington, D.C. 20201 ..

Telephone: (202) 523-6138.
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8. OSHA: Your Workplace Rights in Action. 1978. Brochure: Order No. OSHA-3032.
Avail: U.S. Department of Labor, Occupational Safety and Health Administration,

Office of Publications, Rm. N-3423, 200 Constitution Ave., N.W.,
Washington, D.C. 20201.

Telephone: (202) 523-6138

9. What You Need to Know About Cancer. 1979. Brochure: Order No. NIH-79-1566.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm. 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583.

10. The Asbestos Haiard. P. Brodeur. 1980. Book.
Avail: The New York Academy of Sciences, 2 East 63rd Street, New York, NY 10021.

11. Update on Asbestos. A. Labbauf. 1980. Booklet.
Avail: Penn Environmental Health, 6938 Meade Street, Pittsbur~h, PA 15208

12. Asbestos Dust: Everyone's Problem. R. A. Fowler. Booklet.
Avail: Western Institute for Occupational/Environmental Sciences, Inc., 2001

Dwight Way, Berkeley, CA 94704.
Telephone: (415) 845-6476.

13. Plan Talk About Asbestos. R. A. Fowler; P. L. Polakoff. 1978. Booklet.
Avail: Western Institute for Occupational/Environmental Science, Inc., 2001

Dwight Way, Berkeley, CA 94704.
Telephone: (415) 845-6476.

14. Asbestos: The Need for and Feasibility of Air Pollution Controls. 1971.
Booklet.
Avail: National Academy of Sciences, 2101 Constitution Avenue, N.W., Washington,

D.C. 20418.

15. Asbestos: An Information Resource. 1978. Booklet: Order No. NIH-79-1681.
Avail:' National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5582.
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"ACI'ION TIPS" NEW"SLETI'ERS REFERENCThIG ASBES'IOS
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Construction
Health Hazards
Prevent~on
Action Tips
Construction Health Hazards Education Program
Institute of Rural Environmental Health
Occupational Health and Safety Section
110 Veterinary Science Building
Colorado State University
Fort Collins, Colorado 80523
303/491-6151

:J:00::J.J~_
Jeffrey R. Geiger
Industrial Hygienist

~~

ASBESTOS: WHY BE CONCERNED?

Asbestos is one of the most widely recognized construction
health hazards. In addition to causing asbestosis, a
debilitating lung disease, it is also an established
carcinogen. It is estimated by HEW that up to two million
excess cancer deaths will occur in the U.S. over the next
30 years as a result of past asbestos exposures. Asbestos
is a topic of vital concern to all involved with cons­
truction.

ASBESTOS MAY BE MORE COMMON THAN YOU THINK

There exists a dangerous misconception among some persons
in the construction industry that the U.S. government has
banned the use of asbestos. While certain limitations
have been imposed by the Environmental Protection Agency
and the Consumer Product Safety Commission (and further
restrictions are currently under consideration by both
agencies), this by no means has eliminated the use of
asbestos. Over 800 million tons of this mineral fiber
are used annually in this country, and over two thirds
of its 3000 uses are in construction. Even if it would
be banned in the future, asbestos will be a continuing
hazard in maintenance, remodeling, and demolition for
many years to come. A few of its current construction

'''111is rruterial has been fundL>d in whole or in part with Federal funds fran the OCcupational
S.:t[ely .:tnd llrolth l\dministration, U.S. r::epartrrent of Labor, under grant nunber EHFOD 30l.
IndiviJl11ls undertaking such projects under Goverrurent sp:msorship are encouraged to express
fr=ly their professional j\ldgcrrent. Therefore, these rruteriills do not necessarily reflect
me views or FOlicies of the U. s. rcpartment of LaI:or, nor dces rrention of trade narres.
crnmercial products, or organizations :iJrq:Jly endorserrent by the U.S. (.Jvernrrent."



uses include: floor tile, roofing materials, drywall compounds, gaskets, packing
materials, electric insulation, corrosion resistant coatings, heat resistant
materials, and asbestos cement pipe and sheet.

HAZARD RECOGNITION IS THE FIRST STEP

To determine if asbestos is used in a specific product, first check the label.
Additional information can be obtained by requesting a Material Safety Data Sheet
(MSDS) from the manufacturer. The data sheet should list any hazardous substances
that are present in the product. If in doubt, play it safe. Even short exposures
to asbes~os may be harmful.

Positive identification of asbestos can be made by laboratory analysis of bulk samples
of the suspected materials and/or workplace air samples. Bulk samples are simple to
obtain; you may be able to do this yourself. Collection of air samples requires more
elaborate techniques and are best performed by a specialist, usually an industrial
hygienist, A number of- private and government laboratories offer asbestos analysis
servjce. Remember, the fibers that can enter the body and cause damage are too small
to be seen with the naked eye. If in doubt seek professional help.

WHERE TO GO FOR HELP

We would be happy to assist you with any questions you may have. Additional resources
include:

AGENCIES

* Consumer Products Safety Commission, Telephone (800) 638-2666
* NIOSH - Region 8, Telephone (303) 837-3979
* OSHA - Region 8, Telephone (303) 837-3883
* EPA - Region 8, Telephone (303) 837-3926
* NCI - Cancer Information Service; Telephone Colorado (800) 332-1850, Wyoming

and Montana (800) 525-0231, Utah and North and South Dakota (800) 638-6694
PUBLICATIONS

* Health Hazards of Asbestos (OSHA 3040), OSHA Publication, USDOL, Room N 3423,
Washington, D.C. 20210

* Asbestos Exposure (DHEW/NIH 79-1622), Office of Cancer Communications,
National Cancer Institute, Bethesda, Maryland 20014

Occupational Health and Safety Section
Institute of Rural Environmental Health
110 Veterinary Science Building
Colorado State University
Fort Collins, Colorado 80523
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Occupational Health and Safety Section
110 Veterinary Science Building
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SAFE ASBESTOS TREATMENT
STEP #1: DETERMINE IF ASBESTOS IS PRESENT

The first step in assessing a potential asbestos
problem is to know for sure whether or not a material
contains asbestos. This usually means collecting
a sample of the material and sending it to a
laboratory for analysis.

WHERE TO LOOK? -- Common places to look for asbestos
containing materials include:

1. ceilings, or walls with sprayed-on insulation;
2. ceiling, floor, wall tiles or panels;
3. beams with sprayed-on insulation;
4. ~ coverings;
5. boiler insulation;
6. fire walls and doors; and
7. around or in ductwork.

ONLY A SMALL AMOUNT OF MATERIAL
IS NEEDED FOR ANALYSIS -- ABOUT

THE SIZE OF A SUGAR CUBE

lof
"11us lTUt.enal lo.,S lJccn fun<.led in ....tDle or in pilrt with Fcde~al funds frt:r.1 the O::;:oup<>tional
5.1fet,· OJjJ IIc.:llth 1'".mwHstr"tior., u.s. DepaI"U'"C11t of l..."oor. UI>1er grant mnbcr Ell?':){) 30l.
lndi'.·iclmls ur"Jcrtilking such projects under Govcrn:TCnt "POnsorship are ercouraged to express
fr=ly thou penfe·;sion.11 Jl~l<JC""Cl'l~. Therefore, th,sc nLlterwls 00 not rcccssarily reflect
tile ViCW'S or pc>llcies of the U.S. lX:partrrent of LalJor. nor does rrcntlon of uade n.:urcs,

l' .. , L .... - rl r. "



] ACTION TIPS I -+ COLLECTING AND ANALYZING SAMPLES

To collect samples, you will need:

• a tightly sealable non-breakable container, such as a plastic 35mm film
canister or zip-lock baggie;

• a scraping or cutting tool, such as a pen knife, putty knife, or sheetrock
kn He;

• an asbestos approved dust mask.

NOTE: It is important to take precautions against getting dust and pieces of debris
on your body and on your clothing. (You donlt want to take the stuff home with you!)

Laboratories only need a small amount of material for analysis. You might wish to
call a laboratory (a list is provided below) for any special instructions they may have
on packaging and shipping the sample, and to ask them what the cost will be. Costs
often vary from laboratory to laboratory. If more than one sample is to be sent,
each sample container should be labelled with a code telling you where the sample
was collected. The 1aboratory wi 11 report thei r fi n_d_ings usi n9 your codes, so you
should keep a record including an explanation of the codes you use. In your
communications with the laboratory, indicate that you want to know what type of
asbestos (chrycotile, amosite, etc.) is in your sample and in what percent. The
type and percent of asbestos is important information when deciding what should be
done with the material, if anything.

The following regional laboratories are qualified to perform asbestos analyses:

Colorado School of Mines
Research Institute
P. O. Box 112
Golden, CO 80401
(303)279-2581

Petrography Consultants
31720 Hilltop Road
Golden, CO 80401
(303)642-7559

Hagar Laboratories
12000 East 47th Avenue
Denver, CO 80239

-(303)371-1441

Boeing Technology
Services, 9R-25

P.O. Box 3707
Seattle, WA 98124
(206)237-2722

Southwestern Labs
P.O. Box 10687
Dallas, TX 75207
(214)688-0088

utah Biomedical Test
Laboratory

520 Wakara Way
Salt Lake City, UT 84108
(800)453-5653

NOTE: In some cases it may be necessary to patch-up places where a sample has been
taken. For example, duct tape over a hole in pipe lagging.

Occupational Health and Safety Section
Institute of Rural Environmental Health
110 Veterinary Science Building
Colorado State University
Fort Collins, CO 80523
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Hans H, Johnson, Ph.D,
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Industrial Hygienist
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SAFE ASBESTOS TREATMENT

STEP #2: ASSESSING THE EXTENT OF AN
ASBESTOS PROBLEM

There are six major factors to consider when assessing
the extent of an asbestos problem:

1. The PERCENT OF ASBESTOS in the material,
2. The overall CONDITION of the material,
3. The ACCESSIBILITY or ease with which the material

may be touched or disturbed,
4. The degree of AIR MOVEMENT around the material,
5. The amount and type of ACTIVITY that goes on in

the area, and
6. The FRIABILITY or ease with which the material

may be broken apart.

When collecting samples of potential asbestos­
containing materials for laboratory analysis (see Action
Tips, A-9) it is a good idea to take a few notes on the
above mentioned factors. These notes will be useful,
after you have the laboratory results, in making a
decision on what should be done with the material.

The form on the reverse side of this sheet
provides an easy way to assess the hazard
potential of each sample collected for
analysis.

"llus I1\3terial has been funded in ...t-Dle or in part "'ith Fede::al furrls frtr.l the OccuPational
Safety ilI'\J lIrolth J\dn.i.nistr~tion, U.S. DefXlrtlrcnt of J.03oor, urvler grant nunber Ell<OD 301.
lndi'.'ldl.l.lls undcrtaLing such projects urder Governrrent SfOnsorship are ercour"'3ed to express
freely their professional jlXlejaccnt. 'Therefore, &esc rmtcrinls do not ncccssurily reflect
t.he viC'HS or f.Ollcies of the U.S. CC"artn'ent of ld!:or, nor does rrc.ntion of trade n.:l/T£!S.

CCf;rcrcial products, or organizations ~ly encbrscrrent by the U.S. C~ver!11rent."
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I. For each of t:u~ 6 facto~, drclr the IIlt'H auproprlate nur.~ri": ,·.11u;: (,:lr::le ololy .11'" nl!mb~l' ~er fac~or).
2. Add up an of the ..:ir:.:it..d !IUll\tlE'r.c.. dnd rf~IP,· to tlll~ IAct i m1 SU'j~':?sth'n:..'·

NOH: The minlr,:uln tut.!! VJhll! ~s 6, .tnd thr. IIkuilnUOI lllt,lI VJI,,:, li :9.

I!rcr~l'f-.QSf;lS;n?,T The alOOunt of asJp.<t'lS ccr,t31llNl In the mater1al. (NOTE: Thh.
wlTT"'Sel,,2ic:i1e3 on th~ 1.lboroll.JI'j Jnal}sii r'~l'ort.)

N~rlcal Value
1

2
3

4

Numerica 1 Value
I

2

3

Nunercidl Value

2

3

Nune'"C1al Value
1

2
3

Nunerelal Value
I

2
3

Numerical Value

2

3

[valuation Category

One to 10 ~ercent

Eleven to 25 percent
Twenty-slA to 50 percent
Fifty-one percent or more

ICONOITIO~ The degree of deterioration and damage of asbestos-containing material.

Evaluation Ca~c:lg:::o:..rYL- _

No damage at ~11.

Slight to moderate damage; (e.g .• small chips missing from ceiling tlles; mUd water s~ains

on ceiling.; loose pip~ wrapping)
Severe damag~; (e.g., scored or punctured pipe lagging, loosely hanging material. severe
water damage, etc.)

[A~~~ The relative ~ase with which the aSbestos-containing Mdter1al may be
reached~turbed.

Evaluation Category
Totaily enclosed/encapslJlated or tightly bound; (e.g., pipe lagging b~hind enclo,l'-d
radiators; floor tiles unless scored or sanded)
Generallj InaccessiblE; ie.g • cel1 ing tiles and spray-on ~~yond normal hand re~ch or
potential damage fro... tl"'own Objects; pipe lagging In locked closet)
Accessible; (e.g .• pipe lagging, ceiling, etc., within hand reach or subject to damage
from thrown objects) .

[\IR MaVEM[NTI The degree to which asbestos fibers may accumulate at Simple site.

E~aluation Category
Presence of meChanical air moving system which exhausts air to building ext~rior.

l1mlted all' IOOvement; (i.e., open doors and windows, celling fa:l. etc.)
Essentially no all' movement.

•
~Y1!1l The potential, ber.ause of room use, for damage to asbestos-containing material.

_____________________________ Evaluat10n Category

lOw activity area; {e.g., closets and storage rooms; conference r~om; offices; bol1~r room)
Moderate activity areas; (e.g .• locker room; shops)
High activity areas. (e.g., gym~asium; auditorium; cafeteria; hallways and stafrways;
swfllliT1ng pool; all purpose room~)

!fR:AP.ILITvl The ease w1th which the asbestos-containi'9 mater1al ~y be broken 3p.rt.

Evaluation Category
Nonfrlable; (i.e., potential asbestos firmly bound ~uch as i~ some floor tiles a~d.pipes;

mdterlal cannot be broken or fractured with hands)
Moderately friable; (i.e., material moy be broken or fractured with rands. but ~rea~s uo
In relatively larg~ piece;)
Very friable; (i.e., matHtal is easily broken apart with har,ds and easily crumpled with
fingers)

Numerical Value Total
(Add u~ circled numbers)

11
LI

ITill
O!~r

value. e~J 6-8 Defer Act~on

If it t~ dc '..f,;"n1ncd that t:le CJ.;J..,=.~rc Ii n~'li l~t~l;: CH' tt1..-.t ,:m;rE: ;:i 1;0 r1r,t,€'ld.lal !"Yposure, at:';1o:, Col" hp. dcf~r"'cd.

However. a con t ,nuing 'nspec r.i 0fI ur~']ram 1; n",:ess" rj to e-,SlJrt:! t.M t ! i til'! S1tUd L \en chJnUI!~, steps will be
take:l to control expo~ure.

ilTtiifiTl

I value I
~~!!.Li

9-19 Correcti~e letlon

This mIly t!tc1c;dc r('wHa1, P.I'Cd~su1at!on, '.Jr ~nc1lJsur~.

dl'!clslon.
A jlrlJf£ulonal ~1,IJld be cor,su1t~d 1n lIldklnq ti,l.
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SAFE ASBESTOS TREATMENT
STEP #3: SELECTION OF A CONTROL METHOD

After a building has had a careful assessment and analy~

for asbestos, you will know if any action is necessary.

Asbestos control is most commonly done
by using one of the following methods:

Removal - Encapsulation - Enclosure

Removal involves stripping the asbestos from its loca~

and disposing of it in an approved burial site.
Encapsulation involves the use of a sealing agent that

is sprayed onto the asbestos to prevent its fibers from be­
ing released into the air. Enclosure involves the building
of a barrier to separate the asbestos from the general
environment, such as by installing a dropped ceiling, a
false wall, or by building a box around it. While removal
offers a permanent solution to the problem, it may not
always be feasible or cost effective. In fact, it may even
cause a greater hazard than originally exists if it is done
improperly! Encapsulation and enclosure are effective
treatments which can be much less costly, but the asbestos
material still remains to be dealt with at a future date.
The following table can serve as a guide to the advantages,
disadvantages, and appropriate situations for the use of
each of these asbestos control methodsl

'''l'us nuterial res teen funded in ....role or in part "'ith Federal funds fran the OCcupational
5.:.lfety ill1cJ lI=lth Mni.nisuatioo, U.s. De,.urcrcnt of Labor, urrler grant nlll'.ter EJ~ JOt.
lndl'.'lcJuals undcrta>:ing such projects urder Governrrcnt sponsorship are ercouraged to express
freely thoir professional j,dJcrcnt. Therefore, t.rcsc nuterials do not necessarily reflect
the: v le'w'S or f-Ollcies of tJ,~ U. S, L'-".>iU"tJrc,,'- of L:ll.ur, ror ~s Irention of trade I'\illl'CS,

. l' nr -ni - ... irj<:;; ir- )lu ....4.......... T 1t b· t-hl:l TJ c: ('''JV~'''~'1t'."
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SAFE ASBESTOS TREATMENT
Step #4-A: Removal

When deciding on how to treat asbestos-containing
materials, you should consider removal if the material
is severely damaged or easily accessable and likely
to be damaged. (See Action Tips A-ll). Removal should
also be considered if you have used the evaluation aid
presented in Action Tips A-10, and obtained a high
score.

An asbestos removal job will require that you obtain
a variety of materials and become familiar with their
proper and intended use prior to beginning work. These
materials usually include plastic sheeting, disposable
clothing, filter cartridge or air-line respirators,
wetting agent and sprayer, goggles, gloves. warning
signs, plastic bags, 55-gallon drums, and an asbestos
vacuum cleaner.

The key to a safe asbestos removal
job is to plan ahead.

Ie 1
"'ltUs Jl\)tcrial res llecn funded in \oh:>le or in part ....ith Fede::al funds fr= the Occupational
Safety o1.nJ llmlth J\dninistration. u.s. Defurtrrcnt of J..ator. \lnr\er gro11'lt nur~r EllFOD 301.
lnJi'.'ldUdls unJct"w.!:ing such projects under Governrrent sponsorslup are encouraged to express
freely their profcsslonal ju<kjarc.nt. 'I'hcrcfol:e,. tlrsc Jl\)tcriills do not ncccssilrily reflect
tile views or p:llicies of tltC U.S. CcpartJrent of LaLor. nor does rrcntion of trade JlilJTeS.

COTr.'Crcial proJucts. or organizations inl>ly endorsarent by the U.S. (.lve.rment."



Action Tips - Steps to follow when removing asbestos.

Set-up Work Area - Clear area of removable furnishings and fixtures; turn off and
lock-out air moving systems; cover vents, windows, walls, floors and remaining
contents with plastic sheeting; provide job door with an air-lock constructed of e
two hanging plastic sheets; and post surrounding area with warning signs.

Provide Worker Protection - Individuals entering the work area should be fitted
with disposable coveralls, goggles, gloves, and an asbestos approved respirator.
If you suspect that dust concentrations will be high, only a supplied air respirator
will provide the necessary protection. For lower concentrations a properly fitted,
non-disposable half-face respirator with a NIOSH approved TOXIC DUST cartridge is
appropriate (See Action Tips, P-l and P-2). The work area should be monitored to
determine air contaminant levels and a clean area should be provided for showering
and eating. Health records; including chest x-rays, pulmonary function test and
sputum cytology test results; should be established for workers.

Remove Asbestos - To minimize asbestos fiber release, spray the material .lightly
with a penetrating wetting agent. Repeat the spraying until the material is
thoroughly moistened and will scrape off easily. Do not soak it. Before the
fallen material can dry, place it in plastic bags and label the bag with a
warning sign.

Clean-up - To remove all remalnlng fibers, damp wipe or vacuum the area. Use
only a dry vacuum containing special asbestos filters. Dismantle plastic barriers,
except those over vents and doorways, and clean again. Remove remaining barriers
and place all plastic sheeting in labelled bags. Place all bags in 55-gallon drums
and label the drums. Transport drums to authorized asbestos disposal site.

Occupational Health and Safety Section
Institute of Rural Environmental Health
110 Veterinary Science Building
Colorado State University
Fort Collins, Colorado 80523
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SAFE ASBESTOS TREATMENT
Step #4-B: Encapsulation

The application of an encapsulant is frequently an effec­
tive way of treating asbestos, particularly in the case
of ceilings. Encapsulants may be divided into two classes:
(1) bridging encapsulants. and (2) penetrating encapsul­
ants. Bridging encapsulants form a continuous membrane
over the asbestos. They usually do not penetrate the
materials more than ~ inch and therefore are most effec­
tive when applied to thin and non-friable materials. In
the majority of cases. you will probably want to use a
penetrating encapsulant. These encapsulants penetrate
greater than ~ inch and improve the cohesive strength of
aSbestos-containing products. This may also result in
an improved bond between the asbestos-containing material
and the underlying structure.

Ordinary paint is not an effective encap­
sulant. Encapsulants are highly specialized
formulations exhibiting many unique
propert i es.



ACTION TIPS

Follow these guidelines in making your choice to use an encapsulant.
-Do not use when asbestos-containing materials show signs of extensive damage, such
as loose hanging or water damaged material.

-Do not use in areas that are readily accessible to wear and tear, such as low
ceilings.

·00 not use if you suspect that the additional weight of the encapsulant could result
in ceiling failure.

When selecting an encapsulant check the specifications closelyand pick one that:
-Is non-toxic during application and will not generate toxic smoke if burned_
-Will cure to a tough, flexible, water insoluble membrane.
-Has good aging characteristics for your local climate.
- Is fire resistant and will not generate excess smoke if burned.

When applying encapsulants: _
-Set up the work area as you would for asbestos removal. (See Action Tips A-12)
-Select a respirator that will protect you from both the asbestos dust and mist and

vapors from the encapsulant. If you select a cartridge respirator use-a-combination
TOXIC DUST-ORGANIC VAPOR cartridge with a PAINT PRE-FILTER.

-Provide worker protection as you would for asbestos removal. (See Action Tips A-12)
-Use the lightest spray setting possible to minimize fiber release. Several coats

may be necessary.

The following partial list of manufacturers will help you select an appropriate encapsulatlt

CLASSIFICATION

Bridging

Penetrating

Penetrating

PRODUCT OESIGNATION COMPANY

Decadex Firecheck Pentagon Plastics U.S.A. Ltd.

Cafco-Bond-Seal United States Mineral Products
Co.

554-21-1 H. 8. Fuller Co.

AODRESS AND PHONE

7659C Fullerton Road
Springfielc. VA 22153
(703)569-5277

Stanhope. ~ew Jersey 07874
(201)347-1200

Foster Products Oi v.
P. O. Box E255
Springhou,", PA 19477
(215)628-20)0 or
Toll Free (500)532-6017

Penetrating Asbes top BW225 McGeddy International, Inc.
Two Component

Bridgi ng FRC-AES FRC Compos ite Ltd.

Penetrating U1 tra Lok ~0-871 Cell in Manufacturi ng. Inc.

Penetrating Prcduct HH1-6625- Habersham Industries, Inc.
583-9

Penetrat ing 350-A-1 Arpin Eng; neering. Inc.
Asbestight

8ridgi ng Cable Coating Z-B American Coatings Corp.

Penetrating Mono-Therm F-100 Mono- The I'm Industries. Inc.

Penetrating SK-13 EmulSion National Cellulose Corp.
360-0017

A-13
~;D\

lD43 8roac','3Y
W. Lon9bracch, NJ 07754
(201 )229-5530

1993 Les 1ie Street
Don Mills, Ontario
M3B2:·:C
(613)741-42n

P. O. Box ES8
Springfield. VA 22150
(703)550-72i7

5212 Industrial Court
Smyrna, GA 30080
(404)351-71 73

1716 ~'e1vill Street
Oakhurst, :;J 97755
(201 )280-0;00

5235 N. El; ton
Chicago, ~L 60530
(312)286-E;!0

10819-120t, Ave., N.L
Kirk1an, ~, 9S033
(800) 42~,:'<:'SO

12315 Robi', 80u1evard
Houston. TI 77045
(713)433-E701
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SAFE ASBESTOS TREATMENT
Step #4-C: Enclosure

When deciding on how to treat asbestos-containing
materials, it may be appropriate to enclose the
material if it is in relatively good condition, if
total enclosure of the area can be assured, and if
entry to the area is not anticipated. Examples of
situations where enclosing asbestos-containing
materials might be appropriate would include building
a box around pipes with asbestos containing lagging,
refurbishing boiler insultation, and building false
walls to cover walls that have been textured with
asbestos-containing material.

Action Tips - Building asbestos enclosures

• If in the enclosure process asbestos fibers are
likely to be released, the same steps used for
removing asbestos should be followed (See Action
Tips A-12).

• Pipe lagging may be enclosed by using a larger
diameter fiber-glass lagging, by building wood
or metal boxes around the pipe, or by securely
re-wrapping with original wrapping material.

• Boiler insulation may be patched and re-wrapped.

"1'us ITDterial has I.'een funded in ....role or in part with f'ede:-al funds frtt1 tre Occupational
S.:ltdy Mel lIQ.:llth 1Id'ni.nistratlor., U.S. Ce,Brt:lTIent of Labor, urrler 'Jrant m",.tcr EJl?JD 301.
lnJi':lelwls undcrtill:i.ng such projects urdcr Govcrnrrent sponsorship are e"'COurag~ to express
freely tlcu profcssiClnill juck]crcnt. There tore, tJ'O'sc nutcrials 00 not neccsSill"ily reflect
1:."" Vlews or p:>lieles of the u.s. CCpar1:n'Cnt of Lalxlr, nor dccs rrention at trade narres,

-r1f"'-rri""l 'l"'!"''' '-r'" r rr '~ni~':>Hr"""" il1"lf'""l\: LI-l..,- ...~ 1t- r-. t"r IJ c::. r'Vpr"1.r'"'("'1t' "



• Asbestos-containing textured walls may be enclosed by building false walls
over them.

• All enclosures should be appropriately sealed by using caulking, moulding,
tongue and groove joints, paint, and the like to prevent the escape of aSbestos.
fibers,

• Label all enclosures with an asbestos warning sign to assure that safe work
practices are carried out in the future.

• Be certain that enclosures do not connect with air plenums.

• Provide building occupant with documents clearly identifying the location
and extent of all enclosed areas,

NOTE: Inform building occupant that enclosures will require routine inspection to
insure that they continue to prevent asbestos exposure also maintenance
activities which require entry into the enclosed area can result in the
release of asbestos fibers. In this case, maintenance workers should take
the neGessary precautions to prevent exposing themselves to asbestos fibers
and should seal off the area to prevent the release of asbestos fibers
throughout the building. It will also be necessary to follow the appropriate
clean-up procedures following the completion of the maintenance job. (See
Action Tips A-12).

•

Occupational Health and Safety Section
Institute of Rural Environmental Health
110 Veterinary Science Building
Colorado State University
Fort Collins, Colorado 80523

•
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CSU EXPERT ON HAZARDS OF ASnESTOS TALKS TO SCHOOL OFFICIALS

slricted use of asbestos in
Ule 1%05 resulted in tlie sub­
stance belng spr::lyed on ce'l­
lTIgs, wrapped around pipes
and boilers ;md applled With
trowels to wails.

According Lo Geiger,
there are three ways to com· .
bat the potential asbestos
problem In [he school: cover.~

up and reseal the hot w,lter
pipe, partllion the rllpe off·
from the rest of the rOO:11 or
remove tLe asbestos from
the pipe completely. In.
treating an asbestos orob­
lrm. extreme cautIOn h'as to .'
Ill' laken to prevent con(aml.
n;\tlon of other areas of the
bUildIng fl-om occurring. ;'~
r. elger adcted.

TWO TYPES of cancer
ha"e been 1ll1ked to exposure
to asbestos, The most severe
type is asbestosis, which oc­
curs as a result of exposure
to massive do~cs of asbestos.
That form of C;Jncer occurs
almost ImmedlJtely after
the initial exposure to the
substance. The ,second form
of cancer lmked to asbestos
IS r,lre but also qwte serious.

The disease IS known as
mesothelloma and)t occurs
anywhere from 20 Lo 40
Yl'ars' aflpr cxposure tn as­
ill'stns. The cancer ,',tlacks
the 1i11lngs of the lun~s and
destroys tissue completely
over a period of tIme,

Although the use of asbes- School offIcials have mdi-
tos was banned nationally lJ1 cated lhey \\'111 cooperate
107R, many construction con- fully and undetiake what.
tractors sllll use the matt'l"I' evrr rccommrndalions the
al In cOlllbin"tion With other :JI"OL,'T~11ll memhers make to'
IrlSU],ILJ:ll! JT1;Itl'f1als. Cnr('- l"es01\'(' the problem.

r~--"""'·""''''''''''·~,~~~-~",~;~~----,-- ~,-~._--~

'1' . leth, Ge;;,:~n"hooleoom wheee pipe, 01 elghl, ;, '"'ped.

!':I " 0 n ::l lA f\ 0 '~~ ~ ~ e ~ P.1 ~11-~ ~ fj ;:I ~~Jl n~ f·{ t::\ .11 \,'/1' ~\ 1;1 [, ~_" ,,(..'! :'1 (c.W ~ (!Q ~;~ ~0. ~I~~~ ri:J ~ V :i:I Ll iii \1# .i 'it ... fj j .......... ~ ~ \:::, iii ~ ~~ iJ

'fl\~©lk~G~~~lAsbesl~~@5 CU~e~~,{
, , . ' ~;)

Continued from poge 1. mallon about asbestos-relat-
The classroom has ,,]- ed diseases,

ready been closed off and no
classes will be held In It unll1
the prabll'm IS resoh'ed,
PrinCIpal Walt Grl'bmg said
AU precautions d!'C beIng
taken to reduce further con­
taminatIOn If the material

j should turn out to be asbes­
tos, he aodl'd.,I The Safe I\s0",:'los Trpat·
ment Program IS the only
01le in the state set up to
sample arId test asbestos and

,offer adVice on methods of
resolVing asbestos-related
prl>lJll'111s.

Wl'kh sa,,! the cuunlv
heallh (Il'partment hao t;lke~
samples of the material on
the pipe a year ago but that
neIther the health dppart­
ment or the l~rl\'lronrn('nt,t1

Protection Agency had facli·
Ities to test for asbe,-tos alld
nothing further was· done
about the prohli.·m.

The Fort Call Ills-based as­
besto:; program recelvec!

• fundl'1/ ,Ill ~('ptemb('r

thruugh a h'Tant. admll1ls-
tered '"'y the U.~, Depart·
mem ·Jf lIealth and IlUrll,\[1
Serv!crs to CUl1duCl ~tud!('s

on schoob throul.:houl till'
state ano to prOVide lil~ur·
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APPENDIX .1

BUILDING SURVEY BY SQfOOL DISTRICT





APPEtIDIX I.

BUILDING SURVEYS BY SCHOOL DISTRICTS

Number of·
Facilities Nllltlber of

Dates School District Surveyed Bulk Samples

PILOT SCHOOLS

OCtober 25, 1981 Boulder Valley 9 6
(Louisville)

Deceinber 1, 1980 Montezuma-Cortez 6 14

Decenl:::er 3, 1980 _Monte Vista 5 6

December 5, 1980 Florence 4 6

STUDY POPULATION SCHOOLS

January 8, 1981 Aurora 9 30

January 12 and 14, 1981 Montrose County 6 14

January 13, 1981 Dolores County 3 8

January 20, 1981 East Otero 7 16

January 22, 1981 Harrison 3 7

March 26, 1981 East Yurra County 4 11

April 1, 1981 Denver 13 27

OI'HER SCHOOLS

Jan~ 12 and 14, 1981 Montrose County 9 19

January 20, 1981 East otero 1 2

January 22, 1981 Harrison 2 4





APPENDIX J

DATA COLLECrION FORMS
("SAMPLE COI..J...ECTION DATA" AND

"AN EVALUATION. AID IN ASSESSING ParENTIAL ASBES'IDS EXPOSURE")





'"" ..
../

Sfu~PLE COLLECTION DATA

SCHOOL· DISTRICT -------------- DATE. ------
SCHOOL .L.- ~~ ~----'--

TYPE OF ROOM/AREA

DATE OF CONSTRUCTION

.( ) original

ISAMPLE ID#

( ) add-on C ) remodel

, '

\

. DESCRIPTION _

LOCATION

I SAMPLE ID#

DESCRIPTION

NOTES

ACTIVITY
ACCESSIBILITY
CONDITION
FRIABILITY.
VENTILATION
% ASBESTOS

TOTAL

ACTIVITY
ACCESSIBILITY
CONDITION

. FRIABILITY
VENTILATION
% ASBESTOS

TOTAL

D.

D





-. ,
/'

AN EVALUATION AID IN ASSESSING POTENTIAL

ASBESTOS EXPOSURE

NOTE OF CAUTION: This evaluation aid is presented to provide
genera~ guidance. If there is any question regafding the
potential for asbestos exposure of students and other build­
.ing users,. professional consultation is necessary.

Directions for use:

1. For each of the six factors, circle the most
appropriate numerical value (circle only one num­
ber per factor) or record on the. "Sample Collec­
tion Data" form.

2. Add up all of the circled numbers, and refer to
the "Action Suggestions."

Note: the minimum total value is six (6) and the
maximum total value is nineteen (19).

IACTIVITY I The potential, because of
room use, for damage to

asbestos containing material:

\

Numerical
Value

1

2

3

Evaluation Category

Low activity areas (~.q., closets and
storage rooms; conference roomSj
faculty room; administration offices;
nurse's office; janitor's room; boiler
room)

Moderate activity areas (e.g., locker
room; mrisic room; cooking,.sewing and
typing rooms; science roomSj shops;
general classrooms; kitchen)

High activity areas (e.g., gymnasium;
auditorium, cafeteria, hallways and.
stairways; swimming pool, all purpose
rooms)





EVALUATION OF POTENTIAL ASBESTOS EXPOSURE - 2

IACCESSIBILITY I Th~ relative ease wi th
. . wh1ch the asbestos-.
containing material may be reached or
disturbed.

\

Numerical
Value

1

2

3

Numerical
Value

1

2

3

Evaluation Category

Totally enclosed, encapsulated or tightly
bound (e.g., pipe lagging behind
enclosed radiators; floor tiles unless
scored or sanded)

Generally inaccessible to school popula­
tion (e.g., ceiling tiles and sprayed
surfaces beyond normal hand" reach or
potential damage from thrown objects;
pipe lagging in locked closet)

Accessible (e.g., pipe lagging, ceiling
surfaces, etc., within hand reach or
subject to damage from thrown objects­
gymnasium, hallway, classroom ceilings)

CONDITION The degree of deteriora-
tion and damage of

asbestos-containing materials.

Evaluation Category

No damage at all.

Slight to moderate damage (e.g., small
chips missing from ceiling tiles; mild
water stains on ceilings; loose pipe
wrapping) .

Severe damage (e.g., scored or punctuied
pipe lagging, loosely hanging material,
severe water damage)





EVALUATION OF POTENTIAL ASBESTOS EXPOSURE ~ 3

I FRIABILITY I
material may

The ease wi~h which the
asbestos-containing

be broken or crumbled.

IAIR MOVEMENT

, '

Numerical
Value

1

2

3

Numerical
Value

1

2

3

Evaluation Category

Nonfriable (i.e., asbestos fibers firmly
bound as in some floor tiles and pipes;
material cannot be broken or fractured
wi th hands)

Moderately friable (i.e., material may be
broken or fractured, but breaks up into
relatively large pieces)

Very friable (i.e., material is easily
broken a~art with hands and easily
crumbled with fingers)

The degree to which
asbestos fibers may

accumulate in the area of the sampling
si te ..

I

Evaluation Category

Presence of mechanical air moving system
which exhausts air to building exterior

Limited air movement (i.e., open doors
.and windows, ceiling fan)

Essentially no air movement





EVALUATION OF POTENTIAL ASBESTOS EXPOSURE - 4

IPERCENT· ASH ESTOS

material. (NOTE:
on the laboratory

The amount· of asbes-'
tos contained in the

This will be indicated
analysis report.)

Numerical
Value

1

2

3

4

D

ACTION SUGGESTIONS:

Evaluation Category

One to 10 percent

Eleven to 25 percent

Twenty~six to 50 percent

Fifty-one percent or more

Total numerical value (add up the circled
numbers

. '

In general, the lower the total numerical value tha·t
results from the above assessment, the lower is the
risk that exposure to asbestos fibers may occur.
Likewise, higher values represent higher exposure
potentials; There are four ways of dealing with
asbestos-containing materials: management, enclo­
sure, encapsulation and removal. This exposure
potential value should be used together with expert
advice to determine what action is appropriate in
each situation .
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APPENDIX K

DATA COLLECTION FORMS ("GENERAL DATA")





, .
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GENERAL DATA

Date

ADDRESS

SchooL Name

District

Address

GRADE LEVELS SERVED

SCHOOL POPULATION

Number of pupils

Number of teachers and staff - full-time

part-time

BUILDING USE

A. Standard Curricular Use (regular classes)

-Days per year

-Teacher and staff attendance hours per day

-Pupil attendance hours per day

B. Extracurricular Use (teacher/staff supervised)

-Days per year

-Supervisor attendance hours per day

-Pupil attendance hours per day

C. Community and Other Use

-Days per year

-Hours per day

-Number of people

BUILDING CONSTRUCTION

Aw Original construction

-Date (s)

-Contractor
(name and address)





, '

"

. r""

GENERAL DATA - 2

A. Original construction (continued)

-Architect
(company name)

. (address)

.-Description

B. Additions

1. -Date (5)

-Contractor
(company name)

(address)

-Architect
(company name I

(address)

-Description

2. . -Date Cs)

-Contractor
(company name)

. (address)

-Architect
(company name)

(address)

-Description





, '

D. Remodelling

1. -Date (s)

,-Contractor

-Architect

-Description

2. -Date(s)

-Contractor

-Architect

-Description

GENERAL DATA - 3

(company name)

(address)

(-company name)

(address)

(company name)

(address)

(company nam~)

(address)
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APPENDIX L

K2 ASBESTCE SCREENING TEST





K2 ASBES'IDS SCREENING 'lEST

A. MAGNESIUM TEST

1. . Glycerin wash

a. Place a small portion of sample, about the size of a
large pea., in a rrortar.

b. Crush the sarrple and add .five drops of glycerin. Mix
well with a plastic rod or spatula.

c. Rinse the plastic rod with a small arrount of distilled
water into the nnrtar.

d. Filter the sarrple through the filtration assembly
consisting of a syringe attached to a Swinnex filter
holder loaded with a mixed cellulose ester filter (25 rrrn,
o•8 jJIl1) and a gasket.

e. Filter with a mi.nirm.mt of five washings or about 50 mL of
dfstilied water. .

f. Transfer the filter to a Teflon dish for the magnesium
test.

2. Add a drop of H3P04 and mix well by grinding the sample with
a plastic rod.

3. Ad~ two drops of 10 N NaOH and mix well.

4. Add five drops of magnesium reagent and stir biref1y. Note.any
color change.

5. Add five rrore .drops of magnesium reagent and observe the final
color.

6. A blue color indicates that chrysotile may be present.

7. If the magnesium test is negative, the sarrple must be tested
for iron.

B. IRON TEST

1. Acid wash

a. Place a small portion of the sample, about the size of a
large pea., in a rrortar.

b. Crush the sample.
c. Add five drops of concentrated acetic acid.
d. Add five drops of concentrated sulfuric acid.
e. Mix well





f. Filter the sample through a polyvinyl chloride filter
(25 nm) with aminimum of five washings or about 50 rnL
of distilled water.

g. . Transfer the filter to a Teflon dish a:na. proceed with the
iron test. .

2. Add a drop of HF solution and mix well.

3. Add. five drops of iron reagent and observe the deveiopnent
of red color.

4. The red color indicates that arrosite or crocidolite may be
present.
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APPENDIX .N

ASBES'IOS RESOURCE '"MATERIAlS





PUBLICATIONS

1. Asbestos Containing Materials in School BUilding: A Guidance Document, Parts
1 and 2. 1971. Booklets.
Avail: Environmental Protection Agency, 1860 Lincoln Street, Denver, CO 80295.
Telephone: (303) 837-3926.

2. Asbestos Disease - Are You Covered?K. W. Carlson; R. A. Fowler. Brochure.
Avail: Western Institute for Occupational/Environmental Sciences, Inc.;

200l Dwight Way, Berkeley, CA. 94704
Telephone: (415) 845-6476.

3. Asbestos Exposure: A Desk Reference for Communicators. May 1978. Bcioklet:
Order No. NIH-79-1622.
Avail: National Cancer Institute, Office of Cancer Communication, Bldg. 31,

Rm. 10A18. 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583

4. Asbestos Exposure: What It Means. What To Do; 1978. Brochure: Order No.
NIH-79-1566.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31.

Rm. lOA18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583.

5. Cancer Information in the Workplace: Annotated Bibliography of Educational
Materials for the Public and Health Professionals. May 1979. Booklet: Order
No. NIH-79-2001.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm. 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496~5583.

6. Carcinogens: Regulation and Control. 1977. Brochure: Order No. NIOSH-77-205.
Avail: National Institute for Occupational Safety and Health. Publications

Office, 4676 Columbia Parkway, Cincinnati, OH 45226.
Telephone: (513) 684-4287.

7. Health Hazards of Asbestos: Series: Cancer Alert. George Washington Univer­
sity Medical Center, Science Communication Division; 1979. Brochure: Order
No. OSHA-3040.
Avail: U.S. Department of Labor, Occupational Safety and Health Administration,

Office of Publications, RM. N-3423, 200 Constitution Ave., N,W.,
Washington, D.C. 20201.

Telephone: (202) 523-6138.
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8. OSHA: Your Workplace Rights in Action. 1978. Brochure: Order No. OSHA-3032.
Avail: U.S. Department of Labor, Occupational Safety and Health Administration,

Office of Publications, Rm. N-3423, 200 Constitution Ave., N.W.,
Washington, D.C. 20201.

Telephone: (202) 523-6138

9. What You Need to Know About Cancer. 1979. Brochure: Order No. NIH-79-1566.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm. 10A1B, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5583.

10. The Asbestos Hazard. Pi Brodeur. 1980. Book.
Avail: The New York Academy of Sciences, 2 East 63rd Street, New York, NY 10021.

11. Update on Asbestos. A. Labbauf. 1980. Booklet.
Avail: Penn Environmental Heal.th, 6938 Meade Street, Pittsburgh, PA 15208'

12. Asbestos Dust: Everyone's Problem. R. A. Fowler. Booklet.
Avail: Western Institute for Occupational/Environmental Sciences, Inc., 2001

Dwight Way, Berkeley, CA 94704.
Telephone: (415) 845-6476.

13. Plan Talk About Asbestos. R. A. Fowler; P. L. Polakoff. 1978. Booklet.
Avail: Western Institute for Occupational/Environmental Science, Inc., 2001

Dwight Way, Berkeley,CA 94704.
Telephone: (415) 845-6476.

14. Asbestos: -The Need for and Feasibility of Air-Pollution Controls. 1971.
Booklet.
Avai.l: National Academy of Sciences, 2101 Constitution Avenue, N.W., Washington,

D.C. 20418.

15. Asbestos: An Information Resource. 1978. Booklet: Order No. NIH-79-1681.
Avail: National Cancer Institute, Office of Cancer Communications, Bldg. 31,

Rm 10A18, 9000 Rockville Pike, Bethesda, MD 20205.
Telephone: (301) 496-5582.




