ABSTRACT

PATRICIA S. WEGCEL. Review of Ashestos Abatenment Prograns for

Universities or Large Miltifunctional Institutions. (Under the Direction of
Prof essor David Fraser)

As of 1985, institutions operated by state and local governments are required by
OSHA/EPA to protect their enployees from hazardous asbestos exposures. This study
exam nes ashestos abatement programs of three universities to determne whether they a)
conply with federal and state laws; h) are effective in providing a safe and heal thy
working and Iiving environnent, and c¢) are managed in an effective manner. Two hundred
fifty-nine air sanples were analyzed to characterize airhborne asbestos concentrations during
ashest os managenent and abatement activities. The arithmetic mean concentration during
ashestos removal, 3.04 fibers per cubic centimeter air, exceeded the legal permssible
exposure [imt of .2 f/cc. Although university asbestos abatement programs general |y met
mnimum | egal requirements, inprovenent was necessary in support programs for medica

monitoring and respirators. Managenent inprovenents include 1) the enforcnent of
policies regarding ashestos abatement work practices and personal protection; 2) the
expedition of funds for the removal of asbestos in potentially hazardous |ocations; and, 3)

the eval uation of the decision-making process to renvove asbestos.
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I NTRODUCTI ON

Ashestos is a group of natural, fibrous serpentine and amphibole silicates used
extensively in industry and construction since the beginning of the century. A though
ashestos types vary significantly in physical description, all are conposed of fire-proof,
chemcal |y stable, and strong fiber bundles useful for soundproofing, insulation, and

decoration.

Extensive epidem ol ogy studies and ani mal toxicology experiments (MDonald and
MDonal d, 1978; Gardner, 1942; Yazicioglu, et al, 1980; Whitwel |, Scott, and Ginshaw,
1977), indicate that airborne ashestos fibers are dangerous to health and [ife. Ryckman
Ryckman, and Peters (1983) estimate that over 15%of all cancer deaths during the next 25
years will be linked to ashestos exposure. The risk to health increases as the bonding

material deteriorates and the ashestos fibers becone airhborne.

The issue of abatement is controversial. Asbestos renoval and abatenent policies
depend on perception of health risks, costs and availabiHy of abatement and replacenent
resources, and political climate. The decision to use ashestos depends on the exchange
between individual risks and community safety. Although installing and renoving
ashestos causes potentially dangerous ashestos exposures, honded asbestos insul ates and
retards fire. Since the commtnent to produce and promote comercial ashestos products
began years ago, the current ashestos abatement strategy is to cost-effectively mninize
exposures fromdeteriorating sources. The history of ashestos includes the sinultaneous
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promotion of the use of ashestos and the discovery of ashestos toxicity. An historica
background provides an understanding of the magnitude of the ashestos abatement problem
and the evolution of the economic¢ and legal issues. Know edge of asbestos toxicity and

fiber toxicity develops a foundation to assess the risks of abatement options.

A. HTSTORTCAT. B ACKGRQITND OF ASBESTGS

Ashestos is not new to society. Anthophyllite ashestos fibers have been found in
pots dating back to 2500 B.C. (Seaton, 1984). Ancients recognized that the natural fibers
coul d be spun into yans and cloths with high tensile strength and durability as well as fire
resistance. Societies of the Roman enpire and the orient wove reusable ashestos funera
pyre shrouds and [anp wicks. Pliny in 50 A D observed that the weavers of the wicks for
the lamps of the vestal virgins wore masks to avoid inhaling the dust (Hunter, 1969)

Perhaps the nost entertaining anecdote involves the use of an ashestos table cloth at

Charl emagne' s banquets. After feasting, the Enperor impressed his guests by dramatically
tossing his ashestos table cloth into burning flames. Upon renoval, his guests found the
table cloth not only unscorched by fire, but magically clean. Although ashestos products
arc anecdotal |y referred to by historical figures such as Herodotus, Strabo, Hutarch, and
Marco Polo (Cooke, 1927), it was the industrial revolution and the devel opment of
thermodynam ¢s and heat distribution principles that initiated the widespread devel opment

of ashestos products.

1. Commercialization and Pronotion. The widespread use of asbestos began at
about the turn of the 19* century with the industrial revolution and the extensive
advancenents in steamengines, boilers, and friction machines. Conpanies such as Johns-
ManvU e Corporation realized immense profits frominsulation products nade from|arge
resources of cheap chrysotile and anosite mned and inported from Canada and South
Africa (Brodeur, 1985, Parts I-1V). Chrysotile and anosite becane the nost comon types
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of ashestos in the U S. between the 1940s and 1970s. After World War II, asbestos

Insulation manufacturers pronoted and extended the use of ashestos beyond the industrial
and mlitary sectors into the construction industry. Because of this, ashestos now exists in
materials such as walboards, insulation, soundproofing, structural reinforcement, ceiling
and wal | tUes, and decorations. It is especially common in pipe and boiler insulation; in
wartine, post-war, and multi-famly housing; and in public and recreational buildings.
Ashestos materials are incorporated in buildings where fire safety is a key concern.

2. Discovery of Health Hazards. In 1900, a London physician, Dr. H Montague
Mirray, raised the issue of ashestos-related nortality (Mirray, 1907; also discussed in
Mer evet her, 1956 and Seaton, 1984). He performed a post-mortem examnation of a 30
year ol d man who had been the last survivor of ten men working in the carding roomof an
ashestos-textile factory. Wth ashestos fibers found in his lungs. Dr. Mirray diagnosed the
man as suffering frompul monary fibrosis and, in 1907, he reported a case of pul monary
fibrosis to a British governmental committee on conpensation for industrial diseases. The

first study of mortality anong ashestos weaving mU workers, however, appeared in the
French literature in 1906 (Auribault, 1906).

As a result of sporadic cases of fatal pul monary fibrosis among asbest 0s-workers,
Merewether and Price of Great Britain' Home Office conducted an official inquiry into the
ashestos manufacturing industries and the effects of ashestos on the [ungs (Merewether,
1930). 1n 1930 and 1931, the study resulted in the recognition of ashestosis as a
conpensatabl e disease and in requirements for hoth exhaust ventilation and dust
suppression in ashestos factories and periodic nedical examnations for workers
(Wrkmen's Compensation (Silicosis and Ashestosis) Act of 1930). Although British
studies continued to demonstrate a correlation between ashestosis or ashestos exposure and
lung cancer, stiidies by R Dol inthe 19505 and 1960s showed that the inprovements
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made in industrial hygiene resulting fromthe 1930/1931 British ashestos regul ations
acconpanied a reduction in risk of ashestosis and cancers (Doll, 1955)

3. Conpensation. Fromthe 1930s through the 1960s, studies such as Wod and
G oyne (1934); Merewether (1930 and 1947); Dol | (1955); and Selikoff, Churg, and
Hanmond (1964 and 1968) showed excess cancer deaths of those occupationally exposed to
ashestos. The most famous of these were Selikoff s nortality studies of 632 New York
ashest os insul ation workers (Selikoff, Churg, and Hamond, 1964). Selikoff found an
excess of 99 nortalities due to bronchial cancers and, in part, gastrointestinal cancers
Despite these studies, the hazards of ashestos were overlooked by industry and the U.S
govemenent unti| 1961, when the Claude J. Tomplait sought conpensation fromthe Texas
Industrial Accident Board (Tonplait v. Texas Industrial Accident Board, Case W67299,
Dec. 11,1961) for his ashestos related |iny disease. Being denied workers conpensation
Tonplait through his [awer. VWard Stephenson, brought an unsuccessful suit against
ashestos manufacturers and distributors. On Cctober 20,1969, in the federal district court
in Beaimont, Stevenson filed a product-liability suit on behalf of Tomplait's co-worker
Carence Borel CCarence Borel v. Fibreboard, 493 F.2d, 1076 (5th Gir 1973)). The
plaintitf clained that the defendants knew of ashestos toxicity and were negligent in their
failure to warn the users of the product hazards. Although Borel and Stephenson hoth died
before the conclusion of the [engthy trial and successful appeal, the litigation both exposed
an apparant cover-up of ashestos heal th hazards by the ashestos industry and set

precedence for subsequent |awsuits.

On August 26,1982, Johns-Manville Corporation, the world's largest asbestos
conpany, with over 25,000 enployees and 50 factories and mnes, filed for
"reorgani zation and protection" under Chapter 11 of tiie Federal Bankruptcy Code. Johns-
Manville hopes to halt thousands of |awsuits brought against it by workers who claimto
have devel oped [ ung cancer and other diseases as a result of the conpany's failure to varn
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themof the dangers involved in handling Manville's insulation products. Because the
workers were unabl e to collect fromJohns-ManvUe for extensive medical costs and vage

| 0ss, they are now bringing |aw suits against employers of ashestos insulators as well as
those managers of ashestos |aden buildings

4. Covernmental Intervention. During the 1970s, the federal government
prohibited the use of most spray-on asbestos materials. The Environmental Protection
Agency (EPA) 1s trying to phase out all non-essential uses of asbestos materials and has
nitiated ashestos abatenent programs for all primary and Secondary schools (40 CFR §
61.150 and 34 CFR § 230.1). The EPA the Cccupational Safety and Health
Admnistration (OSHY), and the states regulate the release of ashestos into the environment
and protect workers fromoccupational exposure. Both EPA and CSHA [imt occupationa

exposure through work practices and personal protective equipnent States such as North
Carolina now include asbestos-related diseases in worker's conpensation

B. HEALTH RI SKS

Epi dem ol ogi cal studies by researchers such as Setikoff, Churg, and Hammond
(1964 and 1968); Végner, Sleggs, and Marchand (1960), and Whitwell, Scott, and
Grimshaw (1977) Iink airborne ashestos to ashestosis, mesothelioma, and pul monary and
gastrointestinal cancers. Many occupational epidem ological studies, as referenced
throughout this paper, focus on the exposures and norbidity or mortality of mners and
insulators. There I's a paucity of studies, however, concerning craftpeopl e such as pipe
fitters/coverers, carpenters, plunbers and electricians, and power plant personnel, who are
routinely exposed to presumably Iow concenti®tions of asbestos. Data fromthe EPA (48
Fed Reg. 51096-51097,1983), indicate that approximately 7815 construction workers wll
die froma career exposure (45 years) of up to 0.5 fibers per cubic centimeter air (f/cc).
An additional 2461 deaths are estimated for exposures between 0.5 and 2 f/cc. Table

summarizes tiie total estimted cancer deaths per 100,000 persons occupationally exposed
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to ashestos. The total deaths are displayed as a function of years and |evels of ashestos

exposures.
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ESTI MATED ASBESTOS RELATED CANCER MORTALI TY
PER 100, 000 BY NUMBER OF YEARS EXPOSED AND EXPOSURE LEVEL
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Along with the worker's sensitivity and lifestyle, the dose of ashestos, the duration
of exposure, and the physical characteristics of the airborne ashestos are the major toxicity
factors of ashestos diseases. The most toxic fibers are smll, durable, and barbed-wire
shaped (Lei neweber, 1981). Crocidolite is considered the most hazardous of the comon
types of ashestos in inducing mesothelima, an ashestos-related pleural cancer, followed by
anosite and then chrysotile (MDonal d and MDonal d, 1978; MDonald et al, 1980). The
risk of ashestos-related diseases i expected to increase during the 1980s due to relatively
hi gh exposures fromthe renoval of asbestos and the deterioration of aging honded
ashestos (Newhouse and Berry, 1976).

It is general |y understood that cancer is intiatied by environnental (chem cal
physical, or biological) substances that effect the genes that control cell division (Trosko
and Chia-Cheng Chang, 1978). Because cells have defense mechanisns to repel or repair
cell damage, an organismny escape adverse effects fromsmall doses of toxic substances
[t is, therefore, possible that just one unit of a substance has a small probability of
successfully mitating a gene to initiate or promote a cancer. Since ashestos fibers are
ubiquitous in the environment and even one fiber has a potential to cause cancer,
theoretically, everyone is at sonme risk. e

The issue of ashestos health risks is further complicated by the epideni ol ogica
evidence of a strong synergistic association of snoking and asbestos exposures with
pul monary cancers (48 Fed Reg. 51096-50100, 1983 and Ki Poong Lee, 1985). It is
uncl ear whether there is a synergistic association between cigarette smoking and asbestosis
a fibrotic lung disease which may incapacitate the lungs (through the formation of scar-like
tissue and the loss of flexibility) for years without directly causing mortality. The only
maj or ashest os-rel ated pulmonary disease that is not associated with smoking is
nesothelioma, arare pleural cancer that results fromlow or high ashestos exposure |evels,
progresses quickly, and is always fatal (usually within one year from diagnosis)
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"Appendi x A Health Effects" details the ashestos-related diseases and the basic
concepts of fiber toxicology. Know edge about the diseases, associated risk factors, and
basi ¢ concepts of fiber toxicology is essential to sound managerial judgments regarding 1)
the necessity of ashestos abatenent procedures; and, 2) the selection of employees invol ved

in ashestos-rel ated maintenance or renoval .

C.  ASBESTOS ABATEMENT PROGRAMS FOR | NSTmJTI ONAL FACI LI TIES

The federal governnent requl ates ashestos in almost all sectors of society. It
requires asbestos abatement programs for federal institutions, such as the mlitary, veterans
hospital's, and EPA through prograns and policies (U.S. Veterans Adm, 1985, EPA Part
182,1979, US. Navy, 1981). Federal regulations mnimze ashestos exposures to
persons in grade school's, the environment, and workers enployed in the private sector
Federal requlation requires both primary and secondary schools to inspect and naintain
records of friable asbestos (47 Fed Reg. 23360,1982). It requires that the existence of
ashestos nust be reported to either the parents or the organization that represents the
parents (e.g. the Parent -Teachers Association). Although removal is at the discretion of the
school s and parents, the EPA established guidelines to assist schools in complying with the
| nspection/reporting requirements. EPA also requires detailed ashestos abatement practices
during building demolition and renovation (49 Fed, Reg. 13658,1984). OSHA limts
ashest 0s exposures and outines extensive abatenent regulations aimed at protecting most
private manufacturing and comercial enployees. (29 CFR § 1910.1001).

Until recendy, fewfederal ashestos regulations applied to private or state
institutions. Following EPA and OSHA exposure limts and protection guidelines was a
matter of ethics and liability. In 1985, however, under union pressure, EPA adopted
ashestos exposi U regulations for occupational protection of emloyees of state and |oca
governments (Chem cal and Engineering News, July 1985). These little publicized rules


NEATPAGEINFO:id=498EFE18-81FE-4E32-912A-41A46B0E3EC7

NEATPAGEINFO:id=BBB6A143-9387-4DF8-BCD9-77B2F476ACE1


(40 CFR 763.120-124) are enforced by EPAin al| states in which it retains enforcement
power. Some state agencies with environnental or occupational safety authority also

enforce the ruling.

The author foind no studies that review the ashestos abatement programs at state
and local governmental institutions, which as of 1985 must comply with occupationa
ashestos-related regul ations. Specific exanples of institutions that may need to create or
Upgrade prograns are research institutes, health care facilities, and educational centers.

" Ashest os-containing materials have been used in 20-50%of the institutions in this country
for ceiling, boiler and pipe insulation, acoustical treatment, and fireproofing. The location
and anounts of asbestos ininstitutions is virtually unassessed. The EPA estimates that

bet ween 100 and 6,800 peopl e may be expected to die prematurely of cancers due to non-
peak ashestos exposure at the prevailing levels in schools" (Ryckman, Ryckman, and
Peters, 1983). The total inpact on health may be considerably higher due to higher than
normal exposures created by mintenance, renovation, and student recreational activities

D. ASSESSMENT AND | DENTI FTCATTON OF ASBESTOS MATERI ALS

Ashestos i s sel dom | abeled and is generally incorporated into the difficult to access
construction areas: in attics and boiler rooms; inor on ceilings, plaster walls and tile
mxtiu-es; and on pipes hidden fromview Comonly, ashestos materials are present on
pi pes suspended above false ceilings that are used as the ventilation plenums. Assessnent
strategies include the reviewof building and renovation plans (which unrealistically
assumes that architecture drafts are accurate and updated) as well as walk-through surveys.
The conprehensive strategies include reviewof plans, inspection, sampling, and record-
keeping. The initial assessment can be expensive and tine consumng. The goal of

ashestos assessnments i to pinpoint inmnently dangerous |ocations and begin a long term
management of the problem It does not presune removal of asbestos materials
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It is difficult tovisually identify asbestos naterials. Mterials such as cellulose,
mneral wools, and plasters may |ook simlar to asbestos and can mask its presence. Even
with experience, mstakes occur with visual inspection. For conclusive identification,
sanpl es nust be stained and exam ned by phase contrast optical mcroscopy or electron
mcroscopy (e.g. N OSH P&CAM 239, 1977 and Ashestos International Association
RTM2, 1984). Even these procedures can be statistically challenged because of |arge
sanpling errors ranging fromdifferences in fiber counting to ack of honogenity in the

sanpl ed material.
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STUDY DESI GN

Because of the vast quantities of deteriorating ashestos in state and private
bui I dings, ncreased federal regulation, and public pressure for a safe and healthy
environnent, ashestos abatenent programs are necessary for many large institutions. The
fol lowng study is designed to determne the status of current ashestos abatement policies in
large institutions and to nake recomrendations to improve the policies and practices.

A STATEMENT OF THE PROBLEM

Institutional buildings constucted or renovated between 1940's and the 1970's often
contain vast amounts of either loose (friable) or bonded asbestos materials. A'though
useful as insulation, fire and noise protection, and decoration, honded ashestos products
eventual |y become damaged and the bonding material deteriorates. As the bonding mteria
deteriorates, asbestos fibers may become airborne. It is the airborne fibers that are
potentially hazardous. The conplex asbestos issue boils down to a fewfacts:

1) Qver 30,000,000 tons of ashestos have been used in the U.S during this

century Two-thi 1 oL |t has heen used b¥ the construction industry for insulation
or |reproof|ng Ryckman, Ryckman, Pet 198§}

@EWenaS ﬂ03|sdmmwdor|tsbmmngawn t deteriorated, ashestos fibers can
cone al roporne

3& AT bor ne asbes s contributes to morbidity and death. AItnAJ ngPorted by
en3|ve epl en1o 0gi cal ana tOX|coIog|ca| ‘evi dence n

1978 rMa 1942, Yazicioglu, et al " 1980 \thU &m QI nshaw,
gg Loel 9 Harmond and Chur, 1964 and 1968) the degree of health riskis

ﬂTMImamnmdeHmnma%%oswum%%%dmnm bui | di ngs.
sessment | nvol ves Inspections, sampling, and reporting;
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“b 5) Asbestos abatement |s the ansfornat|on of friable miterials t o a condition
t

| ch revents fibers fr omng ai rhorne, Fr|ab| ashest os refers erials
at contain at |east 1A)JP ashest % and are In a cong tron which1s unbonénﬁ

my become unbonded. Minagement oPt|ons Incl ude encapsulatlon the creation of
barriers, removal, or postponement of action for the futu

6) Decisions regarding ashestos abatenent involve scientific, political, legal, and
social factors;

%%@wquMMQJSaMGmWWaMm%M training and extensive
For health, political and economc reasons, the ashestos issue impacts public
institutions. Large institutions, notably educational, recreational, and health care
institutions, are targeted because they affect mny people and are "in the public eye."
| ssues can be political, records are public, and funding i's conpetitive. Inevitably, the
pubUc becones aware of asbestos and advocates i mmediate removal, a response that my
or may not be reasonable froma health and safety perspective. In 1985, the EPA extended
the federal COSHA regulations that protect workers who deal with asbestos to employees of
state and local governments. This was prompted by a petition filed inlate 1983 by the
Service Employees International Union, which represents about 100,000 school workers
(Chemical and Engineering News, 1985).

Concern about the deteriorating bonding of ashestos in institutional buildings may
be justified. Exposures affect a multitude of individuals who are diverse in age, sensitivity
and health status. Depending on the purpose of the buildings, the exposed may be healthy
workers or specifically sensitive popul ations. Members of institutions often have exposure
risk factors nore complex than the typical "healthy worker." Institutions often house and
support activities for the young, ill, or handicapped

Another unique characteristic of buildings at large institutions such as universities

or hospital compl exes is that individuals often [ive in buildings on the premses, thus being
exposed to the environnent for more than the typical 8 hour per day workshift assumed in


NEATPAGEINFO:id=760C77F8-420B-45AB-BA41-F236825573D6

NEATPAGEINFO:id=366E968A-532B-4B4B-B53D-FA27EDA76E56


the devel opnent of occupational standards. For instance, university personnel may occupy
asestos containing famly post-war housing, dormtories, trailers, clinics and hospitals

and academ ¢ departnents. Asbestos is a substantial problemin such diverse areas as

power plants, steamtunnels, and student activity centers. Recreational and performng arts
bui | dings usual |y contain asbestos fireproofing and insulation which is often damged by
recreational activities, vandalism and normal deterioration. The problemmay be serious in

rooms for athletic activities (e.g. pool areas and roons used for body conditioning and bal

sports).

Finally, the problemof ashestos in [arge public institutions is exacerbated due to
|iberal use of asbestos in huildings constructed prior to 1972, high cost of abatenent, and
conpl ex managenent channels. The federal govemement relinquishes the enforcenent of
sone environnental and/or occupational health and safety regul ations to states having
federal I'y approved prograns/agencies that include protective regulations and enforcement
Because the federal ashestos regulations have changed since the approval of these state
programs, the applicability and enforcement of federal abatement requirenents may vary

consi derably fromstate to state.

B. THESI S OBJECTI VE

The objective of this thesis is to determne whether the ashestos abatenment
programs at large institutions a) conply with federal and state lavs; b) are effective in

providing a safe and heal thy working and Iiving environment for enployees, residents,
students, et cetera, and c) are managed in an effective manner


NEATPAGEINFO:id=699290C7-8237-42AE-860B-CD80057C3668

NEATPAGEINFO:id=26B547BA-EAA2-409D-A280-77043EDFF416


C. CRI TERI A

The fol lowing criteria were outlined as conponents of an adequate ashestos
managnent / abat enent program They are based on |egal requirenents and state-of-the-art
considerations as detailed in Chapter IV "Program Requirements.” Institutions shoul d

1) ‘have a policy that recognizes the potential health risks of friable asbestos and
authorizes and endorse asbestos management and abatement prograns. The

m ni mal 0|,IC¥ and Prog}rams shoul d corrﬁly with OSHA and EPA regulations, as
wel | as a;?plu:a le state and |ocal requlations;

2) designate and financially support (in-house or contracted) personnel responsible

a. establishing the institutional policies and prograns;

b. responding to health and safety incidents {he Ined as any

investigation leading to the discovery of potentially

friabl e ashestos; including situations in which ashestos

abatement procedures are deened necessary)~activities include record

mai nt enance, | nspections, and sanp||n%

recomending and initiating ashestos abatement procedures as necessary;

conducting fhe ashestos-related renovation, maintenance and

demolition activities; and reporting to the EPA as required

training and supervising asbestos related work activities

: obta|n|n9 and naintaining supplies and equi pment needed asbest os

abatement;

g. communicating wth contractors, govemenental authorities, and
In-house participants of asbestos related activities

h. enforcenent of the policies institutional policies concerning ashestos

o O

— D

3) provide for

a. funding and contracting of abatenent activities;

b. the disposal of asbestos waste;

C. warning signs and | abels;

d. enployee "hazard comunication" and education

4) have support programs as required by OSHA for

a. training personnel inwork practices and methods
g. moni toring the working environnent;
C.

rovidin resRHrators and personal protection equi pnent

dical strveillance;

5) be dable ‘o show conpl i ance with OSHA and EPA permissible exposure limts
ana requl atory requiements.

[n order to study the adequacy of institutional ashestos abatement programs with the
ahove criteria, the author selected large miltifunctional institutions that have extensive
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anounts of ashestos in conditions and |ocations that may pose potential health problens;
constructed a data-base of airborne ashestos concentrations to estimate compliance with
OSHA and EPA permssible exposure limts (PELS); and evaluated the conformance of the
on-site ashestos abatement prograns and practices with |egal requirements and the state-of-
the-art health and safety considerations. The data-base was divided and analyzed in five
categories: air quality sanples taken during ashestos incident investigations; during pre-
renoval activities; during removal, both inside and outside of the containment areas; and
after the removal project is conpleted. The abatenent policies, programs and practices
Were researched by reviewng records, interviewng in-house and contracted personnel,

and participation in asbestos related activities

D. SELECTI ON OF THE | NSTI TUTI ON MODEL

The objective of this project is to determne the adequacy of ashestos abatement
programs of large institutions. The scope of the investigation includes institutions for
health care, education, and research that are operated by state or [ocal governnent,

Although aspects of this paper coincidendy apply to nonprofit, corporate and

manufacturing institutions, their prograns are beyond the scope of this investigation.

Since was not feasible to inspect or survey a significant randomsanple of programs, a few
large multifunctional institutions with buildings which reasonably enconpassed the
activities of different types of institutions (i.e. research, education, health care, and culture

and arts) were selected for study.

Universities were chosen for several reasons. They are educational facilities witha
cooperative attitude with easy access to records and staff. Universities have educational,
health care, and cultural/recreational conponents. Because of their size, diverse functions,
and age and diversity of the buildings, universities have a broad range of ashestos
management and abat enent probl ems. The unique structures include hospital conpl exes,
farns, hotels, performng arts centers and a research nuclear reactor. Almost all buildings
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constructed prior to 1970 contain large amounts of asbestos nowin various stages of
deterioration. The prograns operate on conpetitive state budgets and without profit

notivation.

E. STUDY LOCATI ONS

The University of North Carolina, the University of Illinois, and the University of
M chigan participated in the study. The Universities' prograns exenplified large scale
institutional ashestos abatement projects. Airborne asbestos concentrations were estinated
fromair samples taken at the universities and at three North Carolina public schools . Data
taken at the pubUc schools provided information on airborne concentrations during the

removal of sprayed-on asbestos.

L University of North Carolina. The attributes of the University of North
Carolina, Chapel HII which are relevant to ashestos abatement are:

1. The Uni verst has appr oxi mat Ig 22,000 students 514 000 undergraduat es). |
\aasfoundedmth 1790 and therefore has ol d burldings that reemr renovatlon

There |s no noney roprlated for ashestos remval in"the build %renovauon
for next yer ea tos [ rmYal proa ects are bel Hg pl anned 1 or f|sca|
319871 TeU r| as b nea

care school.s an spital’s
CIﬂICS ngLe hospi t ope t aaafet){%f? ce that Is mdepenggnt romt %p
Un|ver5| ty's Qceupa |ona| Safety an 1 ce.

F The Uni ver sHyhasa
ull f1me ashestos coordinator at

ml
LR G

S
y a
ashest 0s aba[errep Hgroram LS aged bTva

e (el awona a ang Safety rfrce. The

S
{

e Director o Personne Train ng and Safetm the
estos abatenent training programs for 1n-house

Mbst ashestos abat enent ec s are conduct d|n house Sical.

% H Fanf 15| p oprOJCec fs of less than $%, % 'p gp? y$
r‘ ey erg arnq eovat|on pr 3|nvolve asbes&os e

c tacte or. Thé trend for ace ermva S exgecte t narease becaHse
. tepowy(j elmye as etos uring renovation. Thrée contracted projects have
Deen Compl et’e date.
4, The craft/msuge nce sonnel arA% edom nant |y mal e, aeram allymxedd and
are not unionized., The e ye a ;th rol 1 na have Strong Seni Qri %
epprgge Lurnaver J s Lo Ihe Tevel of Torml educati on varies 5|gn|f|cat|yand
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Urbana,

2. University of I1linois. The attributes of the University of Illinois, Chanpaign-
which are relevant to asbestos abatement are

1. The Universit ’y has appr oxi rra ely 37,000 students (27,000 undergraduates) It
yas founded as a l'and 9rant institution in the ma-1800s and s characteri zed by
farms and engjneering research Nurer ous construct on and renovation_ proj ec

are underway “because of quessrve "Bui [d I11inois" programand Super-
Conput er - Cdor di nat ed Screnc ui I'ding prograns.

At the be nnrn of thrs %J q the University had n forml sbe t0s ah \e
% con rrechen% aS0est 0s aba ﬂﬁp[ ac IVI | €S.

2
[
Ro 9orrra | enpl oyee trar nr ng re*atedt ashestos removal. This study served as t e
foundation for the ashestds abatenent program

3. The Universit ycontracts all projects \rhr ch entarl subs tantial asbestos removal,

The current operations and rrarntenance orc to undertake onl'y those projects
WA less than 60 [inear feet of insulation (usi ng gl ove hags).

4. The Unjversity has a heterogenous maintenance/physical plant Predom nant
the craft/mintenance enpl ogees are white males who el ong to unions. Craf

antly
t peopl e
cannot re drly be drsmsse from empl oyment The enpl oynent 15 general |y srtJ i

bl e

alo

5, The University invited the r esea rcher to assess the ashest os ahaterrent activities
Wth the Dearit 0 Env ronrren F Safety & Health and granted access to both records
and data gathering eq

3. University of Mchigan. The attributes ofthe University of Mchigan which are

relative to ashestos abatenent are:

L University of Mchr an has a programwhich has been formal |y established for
a longer period of tine than those of the Universities of [Ilinors and North Carolina.
|t runs vrell esta blr shed respirator and nedical surveillance prograns. The
Departpent of Cccupational Saf et Y and Envrronnen al rbal hcontributed data
regarding expendr Ures for ashestos protection equi prent

2. The Uni versrey hg P stro qst ucrent %overnrren twithahistory of
'nfluencing university pol1ty throug tra | ona neasas wel| as lawsurts. Student
%roup% are concerned about asbestos exgosures and init 0e?terncr dents t ornvest!}gt

fe exposures. Duetothe contr versrals atus of ashestos on Cah'B
researcher ves not permtted to use all of the ashestos exposure data reques

3 The Unr versity has acoordr Fe of the asbestos abat aerren ,Program roper

Dﬂh nt of Qccupational Sa t(h dr;md Environnental He he Tesearc
Berm tedto ervrewthec 00T dinator, review contr oversral Incl ents and use
audro I'sual training ma

4, Supplementary Exposure Data. Because of the limted exposure data available at

the Universities of Illinois, North Carolina, and Mchigan during the removal of friable
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spray-on asbestos insulation, data was supplemented fromremoval proj'ects at three nearby
North Carolina schools: EUerbe Junior Hgh School (Richmond Co.), Guilford Mddle
School (Quilford Co.), and Northwest Hgh School (Guilford Co.). Athough all three
Universities have extensive amounts of spray-on insulation, data on airborne
concentrations arc unavailable because nost removal projects are either in the planning or

moni toring phases.
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CHAPTERM

VETHODS
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METHODS

A safe [evel of exposure and compliance was determned by three methods: a
[iterature review of ashestos-related [egal requirenents and state-of-the-art considerations;
the col lection and analysis of airborne asbestos concentrations during ashestos
managenent/ abat enent activities; and an eval uation of the asbestos prograns at three stuay

| ocations.

A. LI TERATURE REVI EW

Aliterature reviewand legal search was conducted to investigate four areas of the

ashestos ssue: the historical perspective, health effects and risk factors, current practices
in abatement activities, and [egal or recomrended exposure [imts and program

requirements. Sources of information include |aws and regulations, scientific and
professional journal's, and the popular literature.
B. A Iﬂ@gél\lg ASBESTOS CONCENTRATI ONS:  DATA COLLECTI ON AND

The dat abase of airhorne ashestos concentrations (Appendix B) was constructed
fromair sanples records of the University of North Caroling's Cocupational Safety, and
Heal th CFfice (OSHO); tiie University of [Hlinois" Division of Environmental Heal th and
Safety (EHS); and the University of Mchigan's CFfice of Cccupational Health and Safety
(CHS). Additional samples were supplied by the Health & Hygiene Inc., a Geenshoro
N.C. consultant for private asbestos removal contractors near the Wiversity of North
Carolina. The supplemental sanpl es were taken at primary and secondary grade schools
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during the removal of sprayed-on ashestos insulation. The samples were used in this stuay
because deteriorated sprayed-on insulation exists in sone [ocations at all three universities:
remval of sprayed-on ashestos is expected at aUthree universities as funds become
available. Athough the data fromthe Universities of I11inois and North Carolna are

conprehensive, the data fromthe University of Mchigan is limted to two projects: the
removal of ashestos insulation in the steamtunnels and the removal of ashestos in an

academ ¢ building (Lorch Hall).

Mbst samples obtained fromthe Universities of Il1inois and North Carolina
consi sted either of air quality concentrations in the student and staff occupied buildings or
of airborne concentrations during ashestos-related maintenance activities by university
enpl oyees. May 1985 through August 1985, the author monitored "air quality" and "pre-
removal " concentrations inside and outside of several University of Illinois buildings. The
author and contractors sinultaneously nonitored area concentrations and personne
breathing zone concentrations of both University employees and contracted labor engaged
inthe wet removal of asbestos froma three story dairy manufacturing building (DVB).
Personal and area concentrations were nonitored in ong roomof the building during dry

removal .

1 Ar Sampling Techiques. It is assumed that all data was collected using a
method in accordance to either the original NIOSH P&CAM 239 Method (NIOSH 1977)
or the updated NIOSH Method 7400 (NIGSH 1984). In both methods, celulose ester

mentrang filters are mounted in small sampling cassettes and are attached to personal
sanpling pumps (typically with a flowrate between .5 L/mn and 4 Limn). Small free

standing even-flow pumps (flowates often exceeding 10 Limn) are sometines used

nstead of personal sampling punps to draw |arger volumes of air for measuring area
concentrations. After a given time, the cassettes are sealed until counted. Each filter is

removed fromthe cassette and a pie-shaped portion of the filter is cut and mounted onto a
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glass mcroscope slide. Chemcals such as dinethyl phthalate and diethyl oxalate are used
during nounting to transfonn the white filter into a clear medium leaving the fine asbestos

fibers opaque and visible under the phase contrast nicroscope.

On February 15,1984, NIOSH introduced the Method 7400 as an inmprovenent of
the P&CAM 239 Method. Because of the use of smaller filters the method has improved
sensitivity, fewer problems with non-uniformfiber |oading, and better counting precision
than the P&CAM 239 method. The 7400 method essential |y conbines the best features of

a nethod designed by the Ashestos International Association and the P&CAM 239 nethod

A brief conparison of the P&CAM 239 and 7400 nethods is outlined in the follow ng

table.

11
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TABLE2

SUMVARY OF 7400 AND P«&CAM 239 SAMPLI NG METHODS

ME1HOD7400 VMETHOD PMCAM 239
filter 25 mm di a. 37 mm di a.
.8 1to 1.2 umpore size .8 umpore size
cassette extension cow : 50 nm none
foil wap cassette yes
flowate L/mn: >or =.5 1.0 to 2.5
airvolime: 400 to 1920
wor ki ng range 38,500 to 500, 000 141,000 to 1,410,000
fibers/filter:*
detection for .02 f/cc for 1920 Lair .1t0 60 f/cc
wor ki ng range: *
limt of detection 2,700 f/filter 28,000 f/filter
wi t hCv=. 10: *
counting differences: use of Valton-Beckett use of porton reticle
graticule (.00785 mg/field) (. 003mP/ field)
counting rules A and B: counting rules A
1. longer than 5 um 1. longer than 5 um
2. L:Wratio at least 3.1, 2. L:Wratio at least 5:1;

3. less than 3 umdia.;

* estimates

Source Nam Wm Pai k, "N OSH P[ Eoses New Met hoq for Sarrp|| g ang Aﬁal sis of
Asbest 0s on Envi ronmen aporatory, etter; ase on e P&CAM

239 and 7400 AYCBH Manual of Analytical Methods, 1977 and 1984, Gincinnati.

12
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2. Data aassification. The collected data was divided into five sanpling
classifications: sanples taken during incident investigations to detamne the "air quality"
and the necessity of abatement procedures; samples taken just prior to abatenent/renoval
(hereinafter "pre-renoval"); sanples taken within the contained work area during removal
(hereinafter "renoval"); sanples taken outside of the work containment area during
abatement activities (hereinafter "removal/outside containment"): and samples taken for
"final" post-abatement air quality. Two hundred fifty-nine of the roughly three hundred
collected air sanple reports had sufficient information to classify into the exposure
categories. Appendix B contains a conplete [ist of the collected data. Four of these were
reported as "blank" or "invalid" and approximately 15 were omtted in the statisitical
anal ysis of the sample distributions because of a high lower [imt of fiber detection (i.e. 0-
.05 f/cc or higher). Appendix D contains a list of airborne concentrations used to describe
the sample distributions of each exposure category. The following figure illustrates the
sanpling schene and number of sanples in each category.

13
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FI GURE 1

ASBESTOS SAMPLI NG SCHEME
259 SAVPLES

Final Air Quality Air(%18ality

Prerenova

' 32
Removal {outside

cont ai nnent )
35

Removal (inside

cont ai nnent )
128

3. Sorting and Standardizing the Data. After the data was classified by activities
the "blank or invalid" sanples were removed fromthe analysis. The filters reported as
"zero fiber count" were then standardized to the lowest [imt of detection as reported by the
conpany that analyzed the filter (see Appendix C). As shown below, the overloaded filters
were calculated to contain a mninumof approximitely 7 flee

1. The "Upper Working Range" of a filter used in the
NI OSH P&CAM 239 method (Table 2) = 1,410,000 fibers

2. the average air volume taken during the 72 persona
sanpling periods =193 Liters

3. therefore, the mninumestimted overloaded filter count is

1,410,000 fibgrs X -LL- or 7.3 f/cc-
193 Lair 1000 cc
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Since the actual filter count could be much greater than this level, the legal ceiling limt of

10 f/cc was assigned the 6 overloaded filters.

4. Statistical Analysis. There are several statistical approaches to analyzing
environnental and occupational exposure data. The most common of these are based on
the assunptions that the sanples are independent and distributed either normally (Roach, et
al, 1967, and Kerr, 1962) or logarithmcally (Breslin et al., 1967). If a large percent of
sanples (approximately 95% fall belowa "reliable level of detectability", the gamm
distribution has been used for exposure analysis (Berry, G, and N.E Day, 1973). It is,
however, general |y accepted "that occupational environmental data fromboth open air and
confined work spaces for hoth short (seconds) and |ong (days) time periods are
lognormal I'y distributed" (N OSH Manual, p. 122,1977). To verify tiie selection of tiie
logarithmc distribution model, the 10 categories of data were plotted as cunulative percent
distributions on logrithmc probability paper. These graphs are contained throughout

Chapter V, "Analysis of Airborne Concentrations."

The logarithms of the sanple geometric mean (CM and the sanple geometric
standard deviation (GSD) were used to determne the population arithmetic mean (AM and
the popul ation standard deviation (SD) for each category of airborne ashestos
concentrations. The AVs were then conpared to the legal exposure [imts.

1. GW50% concentration;

2. GSD=84% 50%

3. In (GW=;a" of In(x) distribution;
4, In (GSD)=<riof In(x) distribution;
5 AME ji = (GW) exp(l/2crj: 2);

Hypotiiesis testing, using the Student-t test (2-sided/95% confidence; Remngton and

Schork, 1985) was used to conpare the geometric means of several exposure classes: air

15
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quality vs. pre-removal exposures; pre-removal ys. final exposures; and pre-removal vs
air quality outside of containnent areas during abatement procedures

The concentration data in the removal categories was divided and exam ned
according to "personal" versus "area" sanpling methods and according to three renova
techniques . wet ashestos removal, dry ashestos removal, and dry renoval of the ashestos
contamnated ceiling tiles which channel air for roomventilation. Hypothesis testing using
the Student-t tests were used to compare the GV for area verses personal sanpling and for
wet, dry, and ceiling-tile renoval techniques

C. PROGRAM EVALUATI ON METHODS

Eval uation of the existing ashestos abatement programs utilized three methods
review of the literature, written records, and policies; interviews; and involvenent in
training and abatement activities. The federal |aws and CSHA and EPA regulations were
used to outline programrequirenents. Additional information on methods of conpliance
and interpretation of the laws and regulations cane fromthe NOSH ERC "Ashestos in
Bui | dings" (1986) instructional materials. State-of-the-art safety practices and safe levels
of exposures are adopted fromNQSH "Ashestos in Buildings" and " Ashestos Sanpling
NI OSH Course 582" (1985) instructional Iiterature and ACGH recomrendations
(ACG H, 1984-1985).

Although written programand policy statements were used, interviews and direct
i nvol vement were the most accurate sources of updated information on actual ashestos
abatement practices. Al records of the health and safety offices at the Universities of
| Uinoi's and North Carolina were available for the study. Some records were obtained from
the universities' departments of operations and maintenance, and engineering and planning
Some University of Diinois workers' compensation and accident records were also
available. Witten records were generally in the formof memos, incident reports, sanpling

16
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records, policy statements, financial records, and inter-office letters. Three nonths of
participation in abatement projects and training were essential to distinguish between actua

practices and those outlined in policy statements

To further distinguish policy statements frompractice, several groups were
interviewed: university craftworkers and contracted | aborers; university offices of health
and safety; operations and maintenance/ housing, and offices of planning; and private
renoval contractors and air sanmple test |aboratories. Telephone and personal interviews
with those involved in asbhestos management and abatenment covered six aspects of asbestos
abat ement prograns:

1. existing policies for asbestos inspections and assessnents

2. sanpling procedures;

3. nature of asbestos incidents: frequency, discovery, record-
keeping and abatenent deci sions;

4. procedures for ashestos abatement and renoval
5. enployee training and nedical evaluation; and,

6. project planning and funding.

These six aspects were combined as an outline for the discussion of programreview

section.
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CHAPTER | V

PROGRAM REQUI REMENTS
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PROGRAM REQUI REMENTS

To have adequate asbestos abatement prograns, universities must comply with
federal legal requirenents incorporate state-of-the-art safety considerations. The state-of-
the-art criteria enconpasses the recomendations of the Anerican Conference of
CGovernmental Industrial Hygienists and OSHA and EPA drafted or proposed standards
The Iegal and recommended exposure Units are then conpared with the nonitored
concentrations and the policies of the university ashestos managenent programs. This
paper eval uates both written policies and the observed practices of the institutions

Rules and regul ations regarding individual states are authorized in the published
annotated statutes of each state. Relevent information can be searched by various key
words: e.g. abatement practices, air pollution, asbestos, asbestosis, enploynent,
environmental protection, Iabor, schools, and workers conpensation. Because state and
local requirenents inpact institutions differendy fromstate to state, state requirements will
be addressed only in general terms. Exanples of additional information addressing specific
topics for the states of North Carolina, Illinois, and Mchigan are referenced as foll ows:

1. Wrker's Conpensation: |llinois Annotated Statutes 48 § 172.41 et seq.

CGeneral Statutes of North Carolina 97 § 53 et seq.

Mchigan Statutes Annotated 17 § 237 (501) et se%
2. Ashestos in Schools: Illinois Annotated Statutes 122 § 1401 et seq

3. Ashestos Abatenent: Illinois Annotated Statutes 111V2 § 22.03

4, Environnental Protection Authority: Mchigan Statutes Annotated 14 § 528
(201) et seq.

5. Cccupationd safety and health: Mchigan Statutes Amotated 17 § 50 (1) et seq
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A. FEDERAL 1. EGAT. REQUI REMENTS

Legal ashestos abatement requirements affecting public institutions are proml gated
by either the Department of Labor's Qccupational Safety and Health Admnistration
(OSHA) or the Environnental Protection Agency (EPA). They protect hoth workers and

t he environnent

1. Environnental Protection Agency. The EPA admnisters the National

Em ssions Standard for Ashestos which includes the quidelines for asbestos em ssions
fromdenolition and renovation/remodeling projects (49 Fed. Reg. 13658-13665, 1984).
Inaddition, it regulates air cleaning, waste disposal, and new construction. The only
significant air cleaning regulation requires the use of high efficiency particulate air (hepa)
filters during major ashestos removal activities. University contracts for asbestos waste
di sposal generally provide that it is the contractors' responsibility to conply with all EPA
regulations. New construction is not affected since most construction uses of friable

asbestos ended in the md-1970s. Sprayed-on applications have been prohibited since 1977
(40 CFR Part 61.150).

a. Protection for Enployees of State and Local Governments. In July of
1985, the EPA adopted 40 CFR Part 763, Subpart G "Ashestos Abatement Projects.” It
extends OSHA's ashestos protection rules to state and government enployees who deal
with asbestos (C8&EN, July, 1985). The rules are virtually identical to the OSHA standards
interms of exposure Umts and conpliance requirements. To avoid repetition, the EPA

requirements appear with the OSHA requirements in the followng section. Discussionis

deferred to section B of this chapter: "State-of-the-Art Devel opments.”

b. Demolition and Planned/ Emergency Renovation. The EPA (or its
representative enforcenent agency) requires notification of denolition and renovation

projects involving significant amunts of ashestos displacenent The notification specifies
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the techniques used for ashestos emssion control, waste disposal and cautions, and
abatement procedures. Universities and other so called "operators" are required to notify
the EPA ten days before schedul ed removal or demolition involving asbestos of at [east 80
|inear neters (260 ft) on pipes or at least 15 square meters (160 ft*) on "facility
conponents.”  For removal or demolition of |ess than these amounts, reporting is to be
conducted at least 20 days prior to the operation. For emergency operations, neaning
denolition or renovation of structures which are in danger of inminent collapse or projects
resulting fromunforeseen events, reporting i required "as soon as possible" before the
operation begins. Notification includes nine elements: name and address of operator
description of the project, estimate of the amunt of friable ashestos, location of the facUity,
nature of the project, schedule of starting and ending dates, procedures to be used for
compliance with removal regulations, the authority who ordered the demolition, and the
nane and |ocation of the waste disposal site.

Most routine abatenent projects at universities are small and sel dom schedul ed far
In advance. In these cases the university is not required to adhere to any of the three
previous notification timetables, or to deliniate the nine informational elements in individua
reports. Instead, the University may report the additive amount of friable asbestos which
can be predicted to be removed in no nore than 1 year. The University then offers a

general description of the nine reporting el ements.

Strict adnherence to the procedures outlined by the EPA rules and requlations is

intended to mnimze the airborne release of asbestos fibers. Asbestos material nust be
wetted, sealed, and contained prior to demolition or removal. No visible ashestos
emssions are permtted to escape into the air. This last stipulation is ineffective because 1)
It I impossible to distinguish ashestos fromnon-ashestos emssions; and 2) it is the
invisible emssions of airborne fibers which are small enough to penetrate the respiratory
tract and cause pul monary diseases. The requlation most [ikely exists in this format
because of the EPA's authority to regulate nuisance and fugitive dusts. EPA's dust
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regul ations forbid visible emssions fromcrossing beyond the generator's property lines
Despite the shortcomngs of the visible emssions provision, the EPA requlation effectively
requires the controlled remval and disposal of asbestos prior to building demolition.

Friable ashestos wastes nust be wet and enclosed in sealed containers for disposal
The containers nust be marked (29 CFR § 1910. 1001):

CAUTI ON
Cont ai ns Asbest os
Avoi d Qpening or
Breaki ng Cont ai ner

Breat hi ng Ashestos is hazardous
to Your Health

The material nust then be transported to sites which are EPA approved for asbestos
di sposal. The transportation and permanent storage/disposal of ashestos materials is

conducted of f of university property by private contractors. Therefore, responsibility for
conpliance with disposal regulations rests with the contractor, not the university

C. Identification and Notification in Primary and Secondary Schools. A

| ess obvious area of federal EPA regulation covers the operation of all primary and
secondary school s. School's, such as University Hgh School at the University of Il1inois,
mist adhere to the EPA's Identification and Notification regulations (40 CFR § 763).
These requlations require that schools 1) inspect the premses for friable asbestos; 2) post
war nings of ashestos hazards in the primary admnistrative and custodial offices; 3) report
the existence of friable ashestos to the appropriate parent teacher association; and, 4)
maintain records at the local education agency. Part four may be inapplicable because the

local education agency lacks the jurisdiction over University-run schools

2. Qccupational Safety and Heal th Admnistration. Cccupational Safety and Health
Admini stration regulations apply to contracted enployees even when they are working on
the property of public institutions. University and state employees, however, are not
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covered by these requlations unless protected by state CSHA requlations (see new EPA
regulations concerning state enployees in "State-of-the-Art Devel opments)." Enforcement
of these regulations tends to be nore stringent in states which have their own OSHA
ashestos requlations. Until recently, incentives to comply with federal CSHA standards
arose primrily fromlitigation and ethics, rather than federal agency enforcement

a. Permssible Exposure Limts rPELs\ The Cccupational Safety and
Heal th Admnistration established permssible exposure [imts (PELS) which limt the
concentrations of asbestos fibers to which any enployee may be exposed. The 8-holir
time-weighted average (TWA) airborne concentration is 2 fibers of airborne asbestos/cubic
centineters (f/cc) of air (29 CFR 81910.1001). The 15 mnute peak or ceiling exposure for
enpl oyees is 10 f/cc. Ashestos includes chiysotile, amosite, crocidolite, tremlite
anthophyl lite, and actinolite. Ashestos fibers are defined as being [onger than 5 mcrons in
length with an aspect ratio of greater than 3 to 1. Employers nust take periodic air sanples
to deternine enployee exposure. NIOSH methods 7400 or P&CAM 239 are acceptabl e air
sampling techniques to determne the airborne fiber concentrations. If the air concentration
exceeds the PELS, the employer nust use safe engineering nethods, sound work practices,
and personal protection to reduce the enployee's inhal ed exposure below the PEL. Wen
airhorne concentrations exceed the PELS, engineering and work nethods, rotating
workshifts, and/or personal protection must be used to reduce an enployee's exposure

On Novenber 4,1983, OSHA established an emergency 8 hr. TWA standard of 0.5
flcc.  The energency level was successfully disputed and, therefore, became non-binding
In June of 1986, COSHA announced the pronul gation of a new permanent standard which
| owers the PEL to 0.2 f/cc TWA A 200 page discussion of the new PELS is planned to be
submtted to the Federal Register in June, 1986. Altiiough the rules are not yet in effect
they are used by the researcher in eval uating abatenent policies
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b. Engineering Methods. Acceptable engineering methods include the use

of engineering devices and controls that either isolate ashestos materials or ventilate

exhaust, or collect asbestos dust. Local exhaust ventilation must conply with the Anerican
National Standard Fundamental s Governing the Design and Qperation of Local Exhaust
Systems (ANSI Z29.2-1971). Particular tools, such as saws, drills, and abrasive wheels
must be provided wth local exhaust if their operation [iberates airborne ashestos in excess

of the exposure limts.

c. Wrk Practices. Ashestos nust be removed and handl ed wet, insofar as
practicable. Friable asbestos materials shall not be renoved fromtransportation containers
without being wet, ventilated, or enclosed so that exposures remain below the PELS
Vstes nust be stored and disposed in sealed, inpermeable, and |abeled containers

According to the OSHA ashestos standard, "All external surfaces in any place
of enploynent nust be cleaned and maintained free of ashestos fibers if, with their
dispersion, there would be an excessive concentration" (29 CFR 1910.1001 (h)). This
applies to all operations, not only ashestos abatement projects. Respirators (approved by
the Bureau of Mnes, the Departnent of the Interior, or NIOSH see 37 Fed. Reg. 6244
1972) and protective clothing are necessary when engineering nethods and housekeeping
practices are insufficient to insure that enployee exposures are below the PELS
Enpl oyees engaged in renoval, spraying, or denolition of pipes, structures or equi pment
covered with ashestos materials must be provided with respirators and protective clothing

d. Personal Protection Equipnent. The use of approved respirators or shift
rotation of employees is permssible in three situations: during the tine necessary to instal
the engineering controls and proper work practices; when the controls and engineering
methods are not technically feasible to reduce exposures bel ow the PELs; and in

energencies. Since nost university abatenent projects are temporary, personal protection

equipment is justifiable
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1). Respirators. The use of respirators in asbestos

abatenent projects has extensive repercussions for institutions. Enployers that require the
use of respirators nust have a respirator programwhich ensures not only the proper
selection and maintenance of respirators, but also the training, and medical suitability of
enpl oyees to wear respirators. This is a key point, because large institutions generally
support activities besides ashestos abatement programs which necessitate the use of

respirators. it

The selection of respirators depends on the level of airborne exposure. The lega
standards approve three categories:

1) single use or reusable air purifying respirators (APRs) are acceptable
when exposure |evel s are reasonably not expected to exceed 10 tines the PELs;

2) povered air purifying respirators are to be used when the expected exposures
are between 10 and 00 tines the PELs; and

3) the Csupplied-air respirators with continuous flow or pressure demand

characteristics are to be used when the expected exposures exceed 100
times the PEL.

Single use resputtors arc discouraged by NIOSH and OSHA because it is difficult to
insure an air tight seal along the face. Reusable APRs are by far the most commonly used
Al'though powered APRs are nore expensive than the reusable or single use APRs and are

relatively newto the market, they may be appropriate for people experiencing respiratory

distress or heat stress while involved in abatement activities .

Under tiie 29 CFR §1910.134. and §1910.1001, the university must select
respirators and establish a respirator programin accordance with the National Standard
Practices for Respiratory Protection, ANSI Z88.2-1969. No enployee can be assigned to
use a respirator unless, upon his most recent examnation, an exam ning physician
determnes that the employee is able o function normally wearing a respirator. The use of

the respirator mst not/wpazr the health and safety of this or other enployees. The
mnimal acceptable respirator programhas 10 requirenents
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1) the programmust be mflsn, including the standard operating procedures
governing the selection and use of the respirators

2) respirators shall be selected on the basis of the hazards to which the worker
i's exposed;

3) respirators nust be properly selected: fit-testingis essential to proper selection
4) users nust be instructed and trained in respirator usage
5) respirators nust be cleaned, and disinfected as appropriate

)
)
)
6) respirators nust be stored in a convenient and clean |ocation
7) respirators nust be routinely inspected and maintained

)

8) surveillance of work area conditions and degree of enployee exposure or
stress nust be maintained;

9) regular inspection and evaluation of the effectiveness of the respirator program
10) a local physician is to determne what heal th and physical conditions are
pertinent to the respirator program the respirator user's medical status
shoul d be reviewed periodically (for instance, annually); and

11) approved or accepted respirators shaU be used when they are available

Enpl oyers must certify their enployees to use respirators by fit testing and training

(SHA asserts that individuals with excessive facial hair, notably beards, my not use
respirators because a tight fit nay not be maintained. Sinmlarly, contact lens wearers are

al 50 prohibited because of the danger in removing either the respirator or the Ienses under
adverse situations. All of the institutions surveyed tended to resist OSHA'S respirator
policies, because most enployees only periodically use respirators and the requirements are

difficult to enforce.

2). Protective Clothing. The use of coveralls or simlar
whol e body clothing, head coverings, gloves, and foot coverings is required for those
working in environnents exceeding the PELs. Changing roons with separate clothes
| ockers must be supplied so sti-eet clothes do not become contam nated. Laundering of
contan nated clothes must be done in a manner that prevents the release of fibers over the
PELs. Contamnated garments must be transported in sealed inpermeable, |abeled


NEATPAGEINFO:id=C7AA8DF8-9DD5-4B44-B7BD-E0B33B151B8C

NEATPAGEINFO:id=236752B3-7CB4-4F44-A65B-0100E280C7F4


26

containers. The washer of the clothes must be informed about the proper |aundering

requirenents.

e. Medical Mnitoring of Enployees. In addition to the nedical
survei | lance necessitated hy the use of a respirator (as discussed above), enployees nust
undergo a medical examnation within the first 30 calendar days of enployment in an
occupation exposed to an ashestos level of at least 1 f/cc 8-hr TWA or a peak exposure of 5
f/cc. This examination includes a nininum of:

1) a chest roentgenogram (posterior or anterior 14 X 17 inches)
2) a history to elicit synptoms of respiratory diseases; and

3) pulnonary function tests which include forced vital capacity
(FVC) and forced expiratory volume at 1 second (FEViq)

Thereafter, annual exam nations which include the above exanmnation criteria are required
Afinal examnation is required wthin 30 calendar days of temnation of enploynent A
recent examnation which fulfills the above criteria may replace the appropriate initial,
annual, or termnal examnation. Medical records are open to the enployee, the enployee's

representative, and OSHA/NIOSH for inspection. The records must be retained by the

enpl oyer for at least 30 years.

f. Exposure Monitoring. Environnental and personal monitoring is
required to determne airborne concentrations of asbestos. Initial determnations must be
made, followed by periodic sanpling to insure that exposure conditions have not

significantly changed. In no case may the sanpling period exceed 6 months

g. Caution Signs and V@rnings. Caution signs as specified in the above
work practices nust be displayed outside of ashestos abatenent projects that may exceed

the PELs. Warning abels with the same wording nust be both visible and egible on all

friable materials or containers of friable mterials.
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h. Training. Enployees nust be trained in ashestos abatement techniques
and the proper use of respirators. Both types of training are outlined in the previous
paragraphs. Enpl oyees nust be specifically informed about the health hazards of ashestos
including the correlation of ashestos-related diseases with smoking

3. Hazard Communication Laws. The effects of the federal hazard comunication
or "right to know' regulation on public and private institutions are subtle. The requlation
requires all emloyers listed in Division Dof the Standard Industrial Cassification (SIC)
Codes 20 through 39 to draft a conprehensive witten hazardous chem cals/materials
program The programnust include identification and hazard evaluation of chem cals
produced; Material Safety Data Sheets (MSDS) which summarize physical properties,
heal th hazards and handling precautions of hazardous substances; the |abeling of al
containers with hazard and energency response informtion; and, the education and
training of enployees in the handling and work practices involving hazardous substances

Ashest os-rel ated testimony influenced the passage of the | aw and subsequent
regulations in two ways (48 Fed. Reg.53280-53347,1983). It illustrated a need for
legislation designed to address hazards that cause serious norbidity and death by |ow level,
chronic exposures with fong atency periods. Ashestos related diseases among the genera
popul ous al so encouraged a market-oriented response to the problemof using unlabel ed

products that do not contain obvious hazardous materials.

Al though OSHA regulates a broad range of industries, |aboratories, importers, and
distributers, state instituions are not classified under SIC Codes. Therefore, the hazard

regulation only indirecdy inmpacts educational and health care institutions. Chemica
manufacturers and distributors nust distribute MSDS with non-consumer oriented

products sold to or used by instintions. Title 40 CFR § 763, "Ashestos Abatenent
Projects," rather than hazard communication regulations, covers the requirenents for
ashestos |abeling, education, and training practices at state institutions. The applicability of
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state enployee and comunity right-to-know | egislation, however, nust be considered in
each location. Illinois, Mchigan, and North Carolina have all passed right-to-know

I egi sl ation.

B. STATE OF THE ART DEVELOPMENTS

Legal permssible exposure levels (PELS) fail to reflect current epidemological data
and the nost recent recommended threshold limt values (TLVS) of the Anerican
Conference of Governmental Industrial Hygienists (ACGH). Recent toxicological and
epi dem ol ogi cal findings can be used to support the proposed |owering of |egal permssible
exposure limts, Athough the emergency rule of 0.5 f/cc in Novenber of 1983 failed to be
adopted, extensive evidence was presented demonstrating that |ower |evels would save
Wes (48 Fed. Reg. 53280-53347,1983).

1. Recommendations of the Anmerican Conference of Governmental |ndustrial

Hygi enists. The American Conference of Governnental Industrial Hygienists consists of
committees which review and interpret research on chemcal substances in the work
environment.  Each year they reassess and publish threshold limt values (TLVS) to be
adopted as safe exposure [imts for an 8-hour workday. The current limt for asbestos
fibers > 5 mcrons in length (determned by the menbrane filter phase contrast nethod) is
2 flcc for crocidolite, 0.5 f/cc for anosite, and 0.2 f/cc for chrysotile and other forns.

These levels are mich lower than the legal PEL of 2 f/cc

2. Proposed Permssible Exposure Levels. Although OHSA's energency standard
was stayed, OSHAis currently drafting a proposal to |ower the PELS. A proposed PEL
standand of 0.2 f/cc TWA'i's expected to appear in the Federal Register approximtely June
20,1986. The proposed standard will [ower the action level (usually 1/2 of the TWA) to .1
flec, but will not effect the ceiling [imt Wth evidence that |owering the PEL will save
lives, OSHA maintains that the additional cost is justified. OSHA also clains that the cost
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of inplenenting conpliance measures would be mninal because existing nechanisms for
training, controls, and personal protection would suffice if more broadly instituted
Because of the inpending changes in the standards, this paper uses the proposed PELS and

TLVs as criteria to eval uate the adequacy of institutional prograns.

3. EPA'S Proposed Protection of Governmental Werkers. In July of 1985, EPA
proposed a rule extending OSHA's exposure linitations and methods of compliance to state
and local enployees (C&EN, July 1985). Titie 15 U.S.C. 2605 and 2607 (c) authorizes
the EPA to extend ashestos-related protection to state and local government enployees. The
start of action for this regulation was pronpted by a petition filed in 1983 by the Service
Empl oyees International Union, which represents employees of many schools. The

regul ation applies to

all empl O\éers of State and local governnent enployees not covered b{, the
Ashestos Standard of the Qccupational Safety and Health Admnistration,
29 CFR 1910.1001, or an Ashestos Standard adopted by a State as part of a
State plan approved by OSHA under section 18 of the Qccupational Safety
and Health Act. The rule covers the enployees of those enployers . . .
Thi's includes but is not limted to the follow ng exanples of publicC entities:
any State, County, City or other local governmental entity whth operates or
administers schools, a department of health or human services, a library, a
police department, a fire departnent, or simlar public service agencies or
of fices (50 Fed. Reg. 28537,1985).

The EPA currentiy enforces this rule inall states that are regulated by the federal rather than
state EPA programs. Although EPA regul ations are not applicable in states [ike North
Carolina that have their own federally approved occupational plans and enforcement
programs, many state plans have adopted simlar protection policies toward state and local

governmental enpl oyees (Curran, June, 1986). The proposed EPA regul ation makes
mandat ory adherence to the requirements outiined in this thesis for most state institutions,
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ANALYSI S OF Al RBORNE ASBESTOS CONCENTRATI ONS

This section characterizes 259 airhborne ashestos concentrations encountered by
institutional enployees and inhabitants. To avoid confusion, italics will be used to
di stinguish the statistical samples., subsets taken froma popul ation, fromindividua
samples of filtered air. As far as possible, the statistical approaches follow the NCSH
qui delines in The Cccupational Exposure Sampling Strategy Manual (1977). The statistical
conputations for hypothesis testing are outlined in Remngton and Schork's Statistics with
Aoplications to the Biological Sciences (1985). Because of the extreme variation at each
sanpling location, and the small nunber of samples taken during the dry and ceiling
renoval projects, conclusions based solely on the statistical analysis nust be made with

caution.

The sanpling techniques and exposure ranges are first categorized into five
scenarios or classifications of ashestos managenent/abatement activities. The geometric
means (G\s) of the concentration distributions are statistically conpared. The arithmatic
means (AMs) are then conputed and conpared to the OSHA and EPA's PELs. Statistical
assumptions are discussed, as well as a criticismof the sampling and counting methods.

A. ANALYSI S OF THE FI VE CONCENTRATI ON SCENARI OS

Table 3 characterizes the five categories of air samples by the number and types of
sanples and the variations in sanpling technique. The table includes the nunber of
anal yzed samples, the nunber of invalid or "blank" sanples, and the number of sanples
that could not be read due to an overloading of the filter. Some sanples were ontted from
the statistical analysis because of high [ower limts of of fiber detection (e.g. 0-.05 f/cc and
0-.09 f/cc). Gaphs 1 through 5 depict the cunulative percent vs. asbestos concentration
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distributions for the "air quality," "prerenoval," "removal" (inside and outside of the
containnent area) and "final", post abatement air quality categories.

TABLE3

SUMVARY OF Al RBOPI NE ASBESTOS SAMPLES
OF FI VE ABATEMENT PROGRAM CATEGCRI ES

AcnvrryY AlR  PRE- REMOVAL REMOVAL 1<INAL
CLASS: . qual i ty exposur e incontain~  outside con- air
Inspections  air sanples ment area  nent area quality

NO. of SAMPLES:

total sanples 28 32 128 35 36

bl ank/inval i +* 1 5 4 ) 0

over| oaded: ** 0 0 6 0 0

sanples used in 27 27 124 27 36
statistical analysis

r ECHMQUF. S:

f1 ow at es: 2-11.2 .84-11. 96 .80-11.2 1.04-11. 96 4-11. 96
(L/min)

sanple tine: 30-778 30- 351 16- 1210 30- 300 175- 300
(m n)

air vol ue: 60- 5940 57- 2349 42- 4620 120- 3300 240- 3000

(Liters)

no. of analysts***: 2 5 6 4 5

*Invalid sanples include the sanples reported as "blank," "invalid,"
| scarded due to high [ower [imts of fiber dect?ctlonpe 05 flec or 09f/cc)
erloaded sanples a33|gned a concentration of 10 f/cc;
ki Th% no. of analyst imljes t he entiies, comanies o facilities that analyzed

thé?nslan Ica?eﬁ?nacﬁeakonoo onEHe ?ons e.0.. samlers and counters, 1S °greater
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GRAPH 1
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GRAPH 2

LOGNORVAL PROBABI LI TY GRAPHS OF ASBESTOS CONCENTRATIONS (f/cc)
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GRAPH 3
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GRAPH 5

LOGNCRVAL PROBABI LI TY GRAPHS OF ' FINAL' ASBESTCS
CONCENTRATI ONS f/cc)—POST ABATEMENT PROCEDURES
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1. Mean Concentrations. Table 4 summarizes the statistical paraneters of the
sanpl e distributions. As shown, the arithmetic nean (AM concentration (3.10 f/cc) during
ashestos removal exceeds both the 2 f/cc and the .2 f/cc OSHA permssible exposure limts
(PELS). Furthermore, 51 of the 124 "removal" sample concentrations exceed the proposed
PEL and 56 of the 124 sanples exceed the associated .1 f/cc "action level." A'so note that
AM concentration (.11 f/cc) outside of the containnent area exceeds the action |evel PEL
Three of the 27 "outside containment" sanple concentrations exceed .1 f/cc. This indicates
that a there is a need to review policy concerning the occupancy of areas outside of the

containment areas during renoval .

TABLE 4

STATI STI CAL PARAMETERS OF ASBESTOS
CONCENTRATI ON DI STRI BUTI ONS

SAMPLE N RANGE GM GSD* AM
DI STRI BUTI ONS

Air quality 27 .cad-.d . 0001 10. 00 0. 00
Pr er enoval 27 .001-.096 . 0015 10. 67 0.02
Reroval -i n 124 .001-10.0 . 068 15. 87 3.10
Rermoval - out 27 .001-4. 643 . 007 10. 29 0.11
Fi nal 36 .001-. 210 . 002 5. 00 0.01

* Ceonetric Standard Deviation

A statistical conparison of the geometric neans ~ based on the Student t-test (2
Si ded; 95%confidence) and the logarithmc distribution of the data ~ shows that the
average pre-renoval concentration (G 0015 f/cc) is significantly higher than the average
"air quality" concentration (GMe.000L f/cc). The data, therefore, suggests that, on the
average, university personngl are successful at selecting the locations with relatively high
concentrations for remval. Simlar analysis, shows no evidence that the average "final"
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post abatement concentration (G 002 f/cc) is significantly lower or "safer” than the air
quality (G of.0015 f/cc) prior to renoval. Although the AM outside of the containent
area is above the OSHA action level, the Student-t test also shows no evidence that the
average exposure outside of the containnment area during removal is significantly higher

than the exposure prior to removal

2. Experimental and Statistical Errors. The AVs are high conpared to the GM
due to large GSDs. The apparantly high GSDs result in part froma broad range of
experimental variance and systematic errors. There are five general sources of variance and
error (Leidel, Sanpling Manual, 1977):

1. random sanpling device errors (i.e. punp flowates);

N

random anal ytical nethod errors (fiber counting analysis, see Appendix C)

3. random environnental fluctuations in contam nant (between days and intra-day)
4. systematic errors in the measurement process (inproper calibration, as indicated
by on-site soap bubble flow calibration of sanpling punps used at the DM

bui I di ng/ U of I--pre-removal sanples)

5. systematic changes in contam nant concentration due to enpl oyee novenents
(i.e. enployees cooling themselves in front of exhaust fans during breaks).

Tabl e 3 shows the ranges of 4 sanpling characteristics: tine, flowates, air
vol umes, and number of laboratories analyzing the sanple. Even nore variability results
fromdifferent abatement techniques, different work crews and |ocations, and different
types of ashestos-containing materials. The broad deviations in the concentration
distributions resulting fromthe diverse nature of the abatement activities are too complex to
quantitatively enunerate. A comprehensive quantitative discussion of errors is found

throughout the course notes from NIOSH Course 582 (1985) and specifically in Leide
(1979).

The large GSDs may result fromthe possibility that the sanple distributions

defined in this study are actually conposites of more than one distribution. Refining the
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sanple distribution to reduce the sanpling errors and variances may reduce the
di screpenci es hetween the geometric and arithmetic means. The concentrations taken
diuing asbestos abatenent/renoval procedures are divided into nore refined distributions

and exanmned in the fol low ng sections.

B. EXAM NATI ON OF CONCENTRATI ONS DURI NG ABATEMENT

Concentrations of airhorne ashestos during removal were divided according to the
three types of removal procedures and according to personal verses area sampling
techni ques. The removal procedures were dry ashestos removal, wet ashestos removal
and the renoval of asbestos laden ceiling tiles. Personal air sanpling is used to estimte
the enpl oyees' exposure by drawing air through a cassette filter suspended in the worker's
breathing zone, i.e. in the shoul der and head region. This "personal sanpling" method
contrasts "area sanpling," which estimtes the enployee exposure drawing air through a
cassette filter suspended randomy within the sanpling area. Gaphs 6,7, and 8 depict the
cimulative percent vs. ashestos concentration distributions for the wet, dry, and ceiling tile
removal procedures. Table 5 sinmiarizes the three distributions by the nunber and types

of sanples, statistical distribution parameters, and the variations in sanpling technique
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GRAPH 6
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GRAPH 7

LOGNORMAL PROBABI LI TY GRAPHS OF ASBESTOS
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GRAPH S
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TABLE 5

COVPARI SON OF
ASBESTOS EXPCSURES FOR THREE

REMOVAL TECHNI QUES

ACNnVI TY WET REMOVAL DRY REMOVAL SUSPENDED CEI LI NG
ClASSS: 1 L= RENTONAL_

No. of SAMPLES:

t ot al sanpl es 113 5 10
bl ank/7 i mnval i1 d: = =B o (@)

Over |l oaded: *«~ -~ = a O

sanpl es used in 110 5 10 .
statistical analysis

TECHNI QUES:

fl ovnr at es: . 8- 1. 2 2-4a 1a. 249
(L/mn)

sanple tine: 30-1210 30-116 16-90
(mn)

air wvol unme: 43-46. 20 120-330 42- 180
(Liters)

STATI STI CAL PARAMETERS:

range: 0. 001-10.00 .09-10.00 .01-.07

Gm .06 .393 .031
GSD: 16. 48 3. 27 1.97
AM 3.04 .79 .04

*invalid sanples include the sanples reported as "blank," "invalid," or
di scarded due to high lower limts of fiber dectection (i.e .05 f/cc or .09 f/cc)
** Qverl oaded sanples assigned a concentration of 10 f/cc
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1. Conparison of Renoval Techniques. An analysis of different asbestos renova
techniques (Table 5) shows that the average (AW concentration during the wet (3.04 f/cc)
and dry (.79 f/cc) removal of asbestos clearly exceeds the proposed OSHA . 2f/cc PEL
The GM concentration (.06 f/cc) during wet removal is significantly lower (Student-t test
2-sided) than the GMconcentration (.393 f/cc) during dry removal. Four of the five dry
removal sanples are above the OSHA's proposed PEL, while forty-eight of the one
hundred twel ve wet removal sanples exceeded the proposed PEL. Although the Student-t
test indicated a statistical difference between the wet and dry Gv6 and the dry and ceiling
tile remval Gk, the test does not support a difference between the ceiling tile remova

and the wet removal techniques. This may be attributed to the extremely large GSD of the

wet renmoval distribution.

The renoval or alteration of asbestos contam nated decorative or structural naterials

is considered a phase of asbestos abatement or removal (discussion with Pat Curran, North
Carolina OSHA, May 1985). Although the suspended ceiling tiles are not directly attached

to the installed ashestos, it is reasonable to assume that |oose ashestos fibers have adhered

to them The monitoring of employees indicates that the AM concentration (.04 f/cc)

during the renoval of ceiling tiles is under the current PELS. The data does not necessitate

enpl oyee protection for the removal of the suspended ceiling to comply with OSHA

requi renents. -

2. Conparison of Personal vs. Area Sanpling.  Gaphs 9 andl O depict the
cunul ative percent vs. asbestos concentration distributions for personal and area sanpling
methods. Table 6 sunmarizes the nunber and types of sanples, the statistical distribution

parameters, and the variations in sanpling technique
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LOGNCRVL PROBABI LI TY GRAPHS OF ASBESTCS CONCENTRATI ONS (f/cc)
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USI NG AREA" SAMPLI NG METHODS
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TABLEG6
COVPARI SON OF

AREA VS. PERSONAL SAMPLI NG METHODS
DURI NG ASBESTOS REMOVAL

ACTI VI TY
Cl_ASS: AREAT  PERSONIAL

No. of SAMPLES:

total sanples 56 72

bl ank/invalid: * 30

over| oaded: ** 06

sanpl es used in 52 72
statistical analysis

TECHNI QUES:

flowates: 2-112¢ .98-2
(L/ nin)

sanple time: 30-420 16- 1210
(mn.)

air vol une: 60- 4620 42-1888
(Liters)

STATI STI CAL PARAMETERS:

range: 0.001-3.01 .001-10.00
Gt .02 .159
GSD: 12.75 11.41
AM .51 3.08

* invalid sanples include the sanples reported as "blank," "invalid," or
discarded due to high lower limts of fiber dectection (i.e .05 f/cc or .09 f/cc)
** Overloaded sanpl es assigned a concentration of 10 f/cc
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The AVs of hoth the personal (3.08 f/cc) and area (.51 f/cc) concentrations exceed
the proposed 0.2 f/cc PEL. The conparison (by Student-t analysis) of the GM "personal"
verses "area" concentrations indicates that the average personal exposure is significantiy
higher than the average area sanple. The data indicates that it is not valid to use an area
sanple to estimte a personal exposure.

3. Limtations of the Data. It is inportant to note that neither breathing zone
sanpl es nor area sanples accurately represent the concentration of asbestos inhaled. Both
the air sanpling nethods and the fiber counting techniques have serious |imtations.
Although the PELs were designed with a margin of safety that accounts for shortcon ngs
of air nonitoring, criticismof the techniques has increased. These criticisms are oudined
bel ow and detailed in Appendix C.

a. Fiber Counting Linmtations. The membrane filter/phase contrast

m croscope nethods enployed in this study and prescribed by NCOSH to conply with

COSHA moni toring regul ations are inaccurate for hoth fiber counting and fiber identification,

The method cannot discern ashestos from non-ashestos fibers. In addition to the filter
loading limts sumarized in Table 2, the NOSH netiiods are [inted in their capacity for

detection and bl ank fiber count Mcroscope type, air flowrates, and sanpling time alter
the Tower limts of fiber detection. The theoretical hmt is described by the following [imt

of detection equation:

Area of filter (nm2) x # of counted fibers
LIMT OF DETECTI ON = - - - c o m e e e e e e e e e e

a* Xair flowrate (L/nin) x # of fields x tine

= Airborne fibers/hter of air

*"g" is the area of the counting field of the mcroscope in mf.
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Regardl ess of the nunber of fibers reported bel ow the detection limit, the statistical data set
has been adjusted to the Iowest evel of detection for each |aboratory that analyzed the
exposure data. This is valid because it only changes what the |aboratory reported to what

the laboratory can actually identify. This limt varied from.001 f/cc to .01 flee, (see

Appendi x C).

In addition to determining a valid and consistent |ower limt of detection for this
investigation, studies indicate that the method has an inherent problemof non-zero and
variable fiber count for blank filters (Aitree-Wllianms, 1985). In 1985, two Australian
researchers illustrated fiber identification [inmtations by characterizing the fibers collected on
air sanples (see Appendix C). The conditions of the experiment were chosen to match the
col lection efficiency, fiber detectability and convenience of the menbrane filter/optica
(phase contrast) mcroscope method. The study concluded that there is a significant
di screpancy between the number of asbestos fibers and the conbined number of asbestos
(non-ashestos) mneral, and organic fibers. The phase contrast method interprets the

combined count as the asbestos count, resulting in a significant exaggeration of the

asbestos count.

b. Air Sanpling Limtations. Asillustrated in Table 2, NNCSITs 7400

metiiod recommends air volumes of 400 to 1920 liters witii flowates of at |east .5/L mn.

The method suggests that collection efficiency is not affected by changes in flowate in the
range of .5 to 16 L/mn. Several considerations challenge this assunption. Because the
sanpling is not isokinetic, fibers may become inpacted on the cassette before reaching the
filter paper. Inpaction is also increased by static electricity. N OSH now requires
cassettes to be wapped in alumnumfoil to decrease this problem Mst or all sanples
taken in this study were not wapped. Furthermore, there is no assurance that fibers are
uniformy distributed across the filter. Airflow my be uneven across the collection area

In the case of the large flowrates used in this study (up to 11.2 Limin.), the filters may
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even flex fromfromthe rhythmc action of the punp diaphragns. The researcher knows

of no studies quantifying the fiber losses fromthese sanpling problens.
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CHAPTER VI

UNI VERSI TY ASBESTOS MANAGEMENT/ ABATEMENT PROGRANMS
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UNI VERSI TY ASBESTOS MANAGEMENT/ ABATEMENT PROGRAMS

This section reviews each of the three universities participating in the study
independent|y. Primary focus is on the Universities of North Carolina and Illinois, with
the University of Mchigan reviewed for conparison and supplement. The discussion is
subjectively divided into two topics: ashestos management policies and practices, and

ashest os abat ement funding

A. POLI CI ES AND PRACTI CES

The policies and practices of each xmversity are divided into four categories: a)
assessnent and inspection programs; b) ashestos-related incidents and routine
investigations-- hereinafter referred to as incidents; c) abatement projects; and d) training
and medi cal evaluation. Although this section may omt sone aspects of ashestos
abatement prograns, it summarizes all federally regulated aspects. This section places
enphasi s on issues of health and safety practices.

Each University has separate admnistrative groups responsible for |arge contracted
buil ding and renovation projects, for maintenance and small renovations, and for health and
safety. All of these groups operate within the universities' divisions of Business and
Finance. Although the titles of these groups differ at each university, they operate in a
simlar capacity. Table 7 organizes the groups according to simlar functions. Distinctive

acronyms are assigned for ease of comparison throughout the chapter
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TABLE?

Dl VI SI ONS OF BUSI NESS AND FI NANCE THAT COORDI NATE
ASBESTOS ABATEMENT ACnvnES

FUNCTI ON
UNTVERSI TY Health & Safety Mai nt enance Pl anni ng
North Carolina Qccupational Safety Physi cal Plant Facilities Planning
& Health Ofice (OSHO
niinois Division of Environmental Qperations and Office of Capital
Health & Safety (EHS) Mai nt enance (&M Progr ans

M chi gan Dept .of Cccupational Safety & Plant Qperations Plant Extension
Environnental Health (OSEH)

1. University of North Carolina. Information about the programat the University
of North Carolina cane fromreview of records and interviews. The primary contributers
were administrative and training personnel fromthe OSHO the Physical plant, and the
Office of Planning. OSHO incident records, sanpling and exposure records, and the

Uni versity planning budget were made available to the researcher.

a. Assessment and Inspection Program  Prior to August of 1985, an
attenpt was made to assess the asbestos in specified buildings on canpus. During the
Investigations only friable, sprayed-on asbestos was identified. Physical plant workers
routinely encointered other asbestos materials such as deteriorating pipe lagging and boiler
insulation. In response to increasing ashestos-related problens, the University
Cccupational Safety and Health Office (OSHO designated one full tine position (as of
August 1985) for all canpus ashestos assessnent, inspection, and training prograns. This

individual received a week of formal training in ashestos abatenent practices at the Georgia

Institute of Technol ogy.
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The current ashestos abatement programincludes a plan to inspect all canpus
buildings within 2 to 3 years, with a goal of inspecting 200,000 square feet of building this
year. The inspection includes a review of architectural plans, a visual walk-through-survey
inspection and sanpling. The University inspection programwll not folUow the EPA's
recommendation that at |east three sanples be taken from homgeneous materials in each
area (generally considered one roon). Rather, groups of homogeneous material s which
may extend through several areas or rooms will be identified and sanpled as one entity
reducing the number of sanples significantly. Air sanples are planned only "as
necessary." Hazard assessment will be based on the amount, |ocation, and condition of

ashestos materials, as well as the estimted airborne concentrations.

b. Asbestos Related Incidents. The nunber of asbestos related calls to the

University OSHO is steadily increasing fromabout 1 or 2 each week |ast year to 6 to 10
call's per week this year. The bulk and air sampling for this year (through April 1986) is
approxi mately equal to all of the sanples taken during 1985. Although the increased
awareness of the asbestos issue by staff, faculty, and students has resulted in periodic
inspection requests, almost all sanpling/inspection requests come fromuniversity physica
or power plant personnel. Although staff fromthe [aw, geology, and biol ogy departments
have requested information, inspections, or monitoring, the programremins an unknown
service except to those directly involved in university maintenance or funding activities.
Records supplied to the researcher show only one student-generated incident It becane a
maj or university incident due to the involvenent of the State OSHA and played a major role

inpronpting a formalization of ashestos policies.

The OSHO investigates all reported incidents. The ashestos coordinator takes bul k
sanpl es when material content is unknown and air sanples when the material is friable and
there i's concern for airborne exposure. Incident records contain the date, Iocation

investigator's name, sample content about airborne exposure, and sampling characteristics
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Results of the investigation are reported to the generator of the incident Incident menos
and response letters are seldomwritten, since most incidents involve small projects which

are routinely resolved by the OSHO and the physical plant

c. Abatenent Projects. There are no routine |arge abatenment projects. Each
project involves the initial incident inspection and assessment of a degree of hazard. If a
renovation or remodeling project contains friable asbestos, funding is sought and remova
i's schedul ed. Major removal projects have occurred in only two or three buildings thus far.
If friable asbestos is found to pose a significant health threat—a controversial determnation
at best—the policy is to renove the asbestos as soon as possible. The three |argest
abatenent projects included removal fromWIson Library, the UNC Canpus Store, and a
small portion of the steamlines. At least one potentially hazardous |ocation, Mtchell Hal
attic was identified in approximitely 1977. Because it is a mgjor renovation project, funds
willnot be available until the upcom ng budget is approved (see "B. FUNDING')
Al'though the location is routinely monitored for air quality, the site is considered potentially
hazardous because it contains large amounts deteriorated spray-on amosite. A swab-
sanple of the visible layer of dust tested approxi mtely 30% anosite-hke fibers. Ar
mxing fromlarge ceiling exhaust fans create the potential to spread asbestos. The attic
contains shelves, tables, and boxes of student accessed hooks and samples. Therefore
housekeepi ng procedures are necessary to elinmnate the visible dust build-up. No plan of
action has been agreed upon to date, although noney has been requested in the planning

budget for next year (see "B. FUNDING').

d. Training and Medical Evaluation. The physical plant has a formal training
program conducted by the OSHO safety officer and the personnel training director of the
physical plant Two or three people fromeach craft that encounter asbestos undergo form
abatenent training. These crafts include carpentry; heating, ventilation, and air

conditioning (HVAC); plunbing; telephone; and sheet netal crafts. Training includes
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information on ashestos hazards and a discussion of glove-bag and wet renpva
techni ques, personal protection, and reporting and inspection polcies between CHSO and

the physical plant

The ashestos abat ement programincludes respirator training and enpl oyee
physical s. Individuals who wear respirators, or who should wear respirators, in the
performance of their jobs undergo respirator training and physical monitoring. By policy,
individual s may snoke but may not wear beards to be certified for respirators. For
asbestos abatement projects, 3Mdisposable respirators are no |onger considered adequate
protection, and MSA/ Confo n reusabl e respirators have been substituted. The OSHO
uses the banana oil test to fit enployees with one of three sizes of MSA half-face
respirators and explains proper use and cleaning procedures. In accordance to OSHA
regulation, a private physician examnes everyone who is certified for wearing a respirator
X-rays are only given when deemed necessary. Approximately 100 people fromthe paint,

HVAC, and insulation and pipefitting shops participate in the respirator program

2. University of Illinois. Information in this section came fromfirst hand
invol vement with the program devel opnent, review of records, on-site
i nspections/sanpling, and interviews. Mijor contributers include the Division of
Environnental Health and Safety (EHS), Operations and Maintenance (Q8&\, university

enpl oyees, contracted | aborers (unionized), and removal contractors

a. Assessnent and Inspection Program Until the summer of 1985,
menbers of the Division of Environnental Health and Safety conducted inspections for
ashestos as requested by various canpus entities. The |eader of the Hazardous \ste
Managenent group general Iy conducts the inspection. O&M designated one individual as a
liaison with the EHS, which trained the liaison in ashestos abatement During the summer
of 1985, EHS hired a tenporary "environmental specialist" to coordinate ashestos

abatenent activities and work with the EHS, &M and private contractors during their
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first major removal project. This 1985 project led to the establishment of a form

inspection and assessnment routine

Asbestos assessments are now conducted as part of the ongoing O8M buil ding
Inspections. Each building is inspected every three to five years. Memos are written for
each building and a copy is sent to EHS. Although the inspection group has gained
experience in identifying ashestos, EHS still has primary responsibility for the sanpling
identification, and hazard assessment of uncertain friable materials. The EHS also aids

&M in record keeping and abatement decision making

b. Ashestos Related Incidents. Approximately 8 buildings are inspected by
EHS per month. A former state nental health facility, recently occupied by the University,
has an ongoing monitoring programfor friable asbestos in the ventilation air plenuns.
Mbst investigations are routinely initiated by O8M Investigations occasionally are
initiated by requests fromthe university students and staff. These incidents range from
mnor concerns about unidentifiable dust deposits to badly damaged pipe insulation. A
noteworthy incident involved a student's concern about the repair of an ashestos insul ated
pipe in the kitchen of a University-owned house. Because of the sensitivity and potentia
seriousness of the incident, menbers of O%M housing, and EHS responded. The
incident illustrated a need for inproved training of O8M housing personnel in the
identification of common asbestos materials, proper onsite ashestos containment/cleanup
procedures, and onsite availability of vacuumcleaners, water spray botties and persona
protection. Air sanpling and inspections occurred in two houses, and the University's

pronpt and concerned response allayed nei ghborhood concerns

Bulk sampling occurs during many, but not all inspections. Bulk sanples are taken
of any materials of unknown conposition. Assunptions are always conservative: if a

sample is not tested, it is either assimed to be ashestos, or it is positively identified as a
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recogni zabl e alternative (e.g. fiberglass insulation).  Buildings containing sprayed-on
ashestos are nonitored for airborne exposures on a routine basis. Rarely, they are taken
because of friable pipe insulation. Records include the names of the sanpler and |aboratory
analyst, date, location of sanple, and sanple contents or concentration. Menos of all

incidents are placed in the EHS building files and sent to the initiator of the investigation

and O&M

. Abatement Projects. The University is involved in both major and m nor
renovation projects. Small routine projects are conducted by O8M |arge ashestos remova
projects conbined with renodeling or involving more than 60 Iinear feet of ashestos are
always contracted. There is a trend toward contracting more of the small asbestos remova
projects because of the tine, training, and equi pment required by OSHA abatement
giudelines. During the last year, O&Mhas adopted nore stringent safety precautions for
routine procedures (see "Training"). Several major renovation/abatenment projects have
occurred or are planned for the next two years under the extensive "Build Illinois"

Program

The first of these projects involved remval of asbestos froma three story dairy
manuf act uring/research building. The project set training and procedural precedents for
future projects. It prepared for contingencies requiring access to the building by personne
not involved in the removal, including energency personnel (e.g. the police and fire
departments, elevator ot refrigeration repair persons) and the technicians needed to
periodical ly maintain research equipnent. The project also served as a training opportunity

for ESH and O%M and established protocol for interactions between the University and

contractors.

d. Training and Medical Evaluation. A smll group of C&Melectricians

and carpenters underwent respirator fit tests and procedural on-the-job training to remove

the ceiling tiles suspended bel ow ashestos insul ation. Because OSHA considers this
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activity "part of and not "prior to" ashestos-related renovation, the university Division of
ESH required the workers to comply with OSHA guidelines. A select group of emergency
and mai ntenance personnel were also trained and/or fitted for using personal protection
Since this initial project two general training sessions were conducted for approximtely
100 O&M and Housi ng persoimel. The training sessions covered the hazards of asbestos

ashestos recognition, respirator usage, and abatement procedures

QM orders, maintains, and issues respirators under the advice of EHS, hut
practices no formal respirator training and fit-test program Respirators generally are stored
at the shop headquarters (e.g. the motor pool for vehicle persoimel and the physical plant
for carpenter, HVAC and painter shops). Health and Safety personnel issue and maintain
their own respirators. Medical examnations are not required for respirator users.

3. University of Mchigan. ATl information regarding university policy and
practices came fromDepartnent of Cccupational Safety and Environmental Heal th
(OSEH). Additional information came firominspections and discussions with a student
environmental concerns group. This discussion focuses on information from OSEH

a. Assessment and Inspection Program Ashestos abatement inspections
are initiated in three vays: inadvertent discovery of a potential hazard caused by
deteriorated ashestos, inspections associated with renovation/demolition plaimng, and
general building surveys. The discovery of friable ashestos generally occurs during routine
mai ntenance or inspections conducted by either plant operations or plant extension
Qccasional ly it is reported by other staff, faculty, or students. The OSEH assists the Plant
Extension in routine building inspections upon request Although the first assessment
mechanismis simlar to those at the Universities of North Carolina and Illinois, the
inspections by the Plant Extension (in charge of project planning and engineering ) are
conparable onl'y to the University of Illinois" routine C&M inspections
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(OSEH [ ocates and inspects ashestos as a part of the University's remodeling

bui | ding, and denolition program Ashestos assessments have been informl, with

expenses absorbed in the project cost estimations. Currendy, however, the University has
contracted a large consulting firmto conduct a comprehensive asbestos survey of seventeen

medi cal buildings scheduled for renovation. The inspections will detail the anount and
condition of ashestos, and estimate the cost of abatenent procedures. This survey is

intended to both provide an exanple for the University in estimting future projects and to
expedite the process of renovating the ol d medical buildings.

b. Ashestos Related Incidents. Incidents involving asbestos continue to
increase. Mbst are reported to the OSEH office by either the plant operations or the plant
extension. Athough air sanples are taken infrequentiy, bulk sanples are taken
approxinately every other day. Air sanples are not generally a criterion for asbestos
renoval . The decision to take ashestos abatement neasures is influenced by the [ocation
and condition of the material; the rate of deterioration; the cost, planned renovation, and use
of the building; and publicity.

Records are kept without narratives for routine bulk sanples and the occasional air
sanples. Menos are general Iy not written for small problems that are rectified by plant
operations. Inter-office menos or bulk and air sanpling records are maintained in
bui I ding files. Documentation is kept when investigations are initiated by staff, students
or faculty. The extent of docunentation or narration depends on the amount and [ ocation of

the ashestos, admnistrative or technical abatement problens, and the amount of publicity.
Like the Universities of [Uinois and North Carolina, involvenent in the docunentation

ranges fromthe Director of Business to the laborers involved in the abatement activities.
I nspections are made by the craft supervisors or manager of the division (e.g. housing) and
the OSEH industrial hygienisL Cccasionally, if those normally responsible for ashestos
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Inspections are unavailable, a sanpling or inspection nay be made by the industrial
hygienist that is in charge of safety issues for the department.

c. Abatement Projects. Approxinately 90%of the abatement projects are
resolved by contract. The unionized craft employees renove asbestos only on small jobs
due to a shortage of trained experienced personnel. These small jobs are monitored by
(OSEH to insure compliance with EPA and OSHA requlations. Until recently, the
University enployed only one full-time and one hal f-time pipe coverer. The University
now has five full tine pipe covers and two foremen. It is in the process of training
additional craftpersons to abate nore of the routine repairs and emergencies. Inlocations
occupi ed by students and staff, the University removes asbestos on Saturdays or evenings.
Larger projects are handled through contracts that are admnistered by the Plant Extension
Departnent Two major concerns with the extensive necessity of contracted projects on
campus are high costs and the national crisis involving the competency of the contractors to

insure hoth quality and safe work.

d. Training and Medical Evaluation. Last year, personnel from
approximately 10 crafts attended one of 3 or 4 large training sessions. The Departnent of
(OSEH designed the sessions to conply with the OSEH ashestos regul ations. Both the
onsite project foremen and the foremen in charge of each craft and project assignments
attended the sessions. The same foreman supervises most of the asbestos abat ement
projects on canpus. It i the foreman's responsibility to insure safe practices and to inform
the Departnent of OSEH when and where the abatenent projects will occiu-. It took hoth
effort and persuasion to get the comunication between forenen and OSEH running

smoothly. Pipe coverers received training on the job and continue to be inspected by the
Departnent of H&S during asbestos abatenent projects.

In conpliance with the OSHA regulations, an ashestos and respirator examnation
programwas devel oped by a consultant physician who is affiliated with the University
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hospital. Examnations are routinely conducted by a University physician at the A Arbor
Medical Clinic and include appropriate blood tests; examnations of hearing, vision

pul monary fiinction; and chest X-rays. Frequency of these examnations was based on
enployee age but is now yearly. Respirator selection, fit-testing, and traiiung occurs at the
(SEH of fice when the respirator is dispensed to the enployee by OSEH personnel

The University of Mchigan's nedical evaluation programhas an interesting
history. Three to five years ago the physical plant and the university admnistration agreed
toaprogramrequiring all physical plant craftpersons under 40 years ol d to undergo
physi cal exanms every five years. Persons over 40 years ol d were required to undergo
physical exams every three years. Although OSEH felt that the programwas insufficient
for many enployees, the Departnent reluctant|y agreed. During the ensuing years
enpl oyees involved in higher risk occupations, specifically ashestos abatement workers
were placed in a programof yearly monitoring. Plumbers, electricians, pipe fitters,
carpenters, sheet metalworkers, and pipe covers are the key ashestos abatenent

craftpersons involved in yearly physical exam nations.

B. REVI EW OF FUNDI NG AUTHORI TY

Funding for imversity ashestos abatenent projects is appropriated through a
compl ex procedure involving direct |egislation, special building projects funds allocated by
the state's capital development boards, and appropriations extracted fromeither the
universities' routine operations budgets or the capital projects budgets.  Usually the
operations budgets (referred to as budget "B') or building/plaimng project budgets
(referred to as budget "C) fund large abatenent and remodeling projects. Despite changes
in names and budget items, the usual funding mechanisms for the three institutions inthis

study are remarkably simlar.
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Money sources may include special state building programs, gifts, endownent
funds, and self-liquidated investment or mortgage financing. The researcher found that the
University of Illinois relied on special state building funds. The "Build Illinois Progrant
through the State Capital Devel opment Board has appropriated mllions of doUars over the

next 3 years to major renovation and new buildings on campus

1. Qperational Budgets. Each university has departmental operating budgets which
are submitted annual Iy or biannual Iy through hierarchical channels to the univerisity
chancel I or"s office. Fromthe chancellor's office, a university operations budget is sent to
the office of the state university systemand conbined with the budgets of other institutions
within the system One budget is then subnitted to the state legislature for approval. The
general admnistration of N.C. university systems requests the 1987-1989 budget fromthe
University of North Carolina by Dec. 1,1985. Figure 3, nodeled fromthe University of
North Carolina, shows a typical flowof these budget requests. The costs of routine, in-

house abatenent projects are often absorbed in these budgets
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The size of an abatenent project is defined by the anount of asbestos removed and
cost of removal. Small projects are alnost always well below the EPA reportable 260
linear feet (80 |inear neters) or 160 square feet (15 square meters) of asbestos containing
material and are belowa contract-bid [imtation. Contract limts vary for each University
For instance, the University of North Carolina's physical plant perforns approxi mtely 1.5
mllion dollars of construction/year. It limts individual renovation projects toless than
$75,000 (North Carolina Dept. of Administration, 1982). Projects of greater than $75,000
mst be submtted to the university planning office for funding. The university allows
projects of less than $30,000 to be done by a licensed contractor on an informal bid basis
while all projects (financed by budget A B or O greater than $30,000 must be formally
advertised for bid. Since asbestos is remved and repaired during the routine operations
and maintenance of plunbing and HVAC systems, the physical plants absorb nost costs of
smal | abatenent projects. If the project i's under the jurisdiction of admnistrative or
academc departnent, e.g. repair of departmental equipnent or renodeling, expenses are
charged to the department The health and safety offices absorh the cost of inspections
training, and sanpling, while the policy for protective equipment varies with each
university. If an abatement project is contracted, it may also be budgeted by the facility
pl anni ng/ engi neering of fice.
the University of Mchigan, approximtely 90%of the asbestos abatenent
projects are performed by contract and are, therefore, budgeted through the Plant Extension
Departnent. Smal| repairs are conducted and budgeted by the Plant Cperations
Departnent. Personal protection equipnent such as respirators, coversuits, caution signs
and asbestos disposal bags are procurred by the OSEH A monthly tabulation of these
expenditures along with the costs for hours of |abor must be approved by the Director of
Busi ness Cperations. Typical expenses for the months of July 85 through Jan. 86 are
shown in Figure 4. Large initial expenditures for itens such as the mcro-air filtering
vacuurs and the air filtration units occurred prior to July of 1985 and are, therefore, not
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included in the figures. The items purchased and dispensed by OSEH are stored on Centra
campus at the OSEH office; it is approximtely two mles fromthe plant operations
facility. Plant operation craftpersons generally pass within two blocks of the OSEH on
their way to Central campus. Craftpersons nust make a special trip to the OSEH when the

abatement project is located on North Canpus, the site of the art and engineering schools,

research facilities, and student housing.
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2. Capital Planning and Inprovements Budgets. Major renovation, demolition,
and building projects are submtted in requests to the universities' planning and extension
offices. Requests are conpiled under the business and finance departments and sent via the
chancel lors to the university systems' capital devel opment/inprovenent hoards. Once
received, the funds arc managed and distributed by the planning offices. Unspent funds
mst be returned at the end of the fiscal year. Atypical flowof these budget requests,
model ed fromthe University of North Carolina, is portrayed in Figure 5. Budget type "C'
itens are divided into several categories including "CI" for utilities and wal k/roadways,
"Q" for Qecupational Safety and Health and Disability Barrier Remval, and "G" for
Renovation and Mjor Remodeling. The next UNC budget has requested $87,000 for
ashestos renoval (Mtchell Hall) under item"C3" approxinately $700,000 for ashestos
remval at 440 W Franklin Street (Business Cffices) and over §$2,000,000 to Cccupational
Safety and Health projects which may include asbestos abatenent (itenfC2").
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Vn. SUMVARY AND CONCLUSI ON

Review of the university asbestos abatement prograns and polcies show that |arge
miltifunctional institutions have the infrastucture to operate adequate ashestos abat ement
prograns. The business and finance offices supervise departnents for health and safety,
operations and maintenance, and building and planning. Athough they [ack expertise in
the specifics of asbestos abatement activities, they have or can contract skills necessary to
I nspect bui | dings, nonitor the air for potentially hazardous asbestos exposures, and

conduct or contract for the removal or repair of deteriorated asbestos materials.

The reduction of the legal permssible exposure [evels (PELs) from2 f/cc to 0.2
flce (TWA) will affect ashestos abatement prograns at the universities involved in this
study. The fol | ow ng tables and discussion sumarize the conpliance status of the
imversities based on 1) a conparison of the PELS to the arithmetic mean (AM of the
ai rhorne asbestos concentrations found and 2) the standard asbestos managenent policies

and practices at the universities.
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A. DATA SUMVARY

Tables 8 sunmarizes the studies of airborne asbestos concentrations at the study
locations with the OSHA 0.2 f/cc TWA PEL standard. As shown, the AMconcentration
(3.10 f/cc) during ashestos removal exceeds the proposed PEL. The mean concentration is
above the PEL when either wet or dry renoval techniques are used. These findings inply
that enployees shoul d use protective neasures during abatement activities. It does not
necessarily nmean that the actual exposures of enployees during an 8 hour TWA working

period actual |y exceed the PEL.

Tabl es

ARI THVETI C MEAN Al RBORNE ASBESTOS CONCENTRATI ONS EXCEEDI NG
THE PROPOSED OSHA/ EPA PERM SSI BLE EXPOSURE LI M TS

Exposure AM PEL(IWA) Action Level Ceiling
Sceneri o (flcc) (0.2 flcc) (0.1 f/cc) (10 f/cc)
Ar Quality 0. 00 no no no
Pre-renoval 0. 00 no no no
Rerroval . 3.10 yes yes no
(out Contai nment) 11 no yes no
Fi nal .01 no no no

During Abat enent

(inside Cont.)
Wet 3.04 yes yes yes
Dry .79 yes yes yes
Ceiling 04 no no ne
z?rsonal 2.43 yes yes yes
rea 2.55 yes yes yes

(Conpliance Summary: hased on the arithnetic mean concentration approxinating the 8
hour time-weighted average)

Cther noteworthy findings include a significant difference between using area and
personal sampling methods. The Student -t test (95%2 sided) indicated a significant!y higher
ashestos concentration using personal sanpling methods as conpared to area sanpling
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methods. Secondly, the AM concentration found outside of the contained removal area (.11
flcc) exceeds the proposed OSHA action level. Athough this finding does not prove that
the actual ashestos exposures exceed the PEL, it supports the establishment of policies such
as frequent inspection of the containnent structure, control over activities that may
contamnate any air-lock chambers, and policies to restrict public access to areas near
ashestos abatenent activities. Finally, the AMconcentration during the renoval of
contamnated ceiling tiles does not exceed the PEL, Therefore, it may not be necessary for
universities to inplenent ashestos-related safety measures during tile renoval

B. CONCLUSI ON

The thesis hypothesis states that many large instititutions fail to a) comply with
federal lawand b) provide a safe and healthy living environment. Using both exposure
level s and model prograns fromthree major universities, it has been shown that
Institutions can expect that airborne asbestos levels will exceed current PELS during
ashestos removal . This will require inplenentation of the OSHA'EPA practices (e.g
reporting, enployee protection, and abatement practices) outiined by this paper. If the PEL
s reduced to 0.2 f/cc and an action level of 0.1 f/cc, OSHAEPA conpliance neasures nmay
becone necessary during pre-removal and renoval (both inside and outside of

containment) as wel L

Table 9 summarizes the hasic conponents of asbestos abatenent prograns at
the three universities. Although it s inportant to note that the status of these itens changes
continually as the imversities strive to comply with CSHA requirements, some inportant
el enents of these prograns remain out of conpliance. The shortcom ngs include
| nadequat e respirator and medical evalution programs. Respirator training, fitting, and
mai ntenance were virtually non-existent at one study location. The researcher found that
OSHA's "no beards" policy for respirator users is virtually unenforced. Enployees often
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do not use respirators which are appropriate for the job. One study location entirely Iacked
ashestos-related medical surviellance. Wile workers often fail to fol | ow OSHA EPA
policies during routine activities there is a higher Ievel of conpliance with OSHA EPA
regulations during large, supervised abatement projects. This is due in part because of
contractual agreement and the increased propensity of EPA to inspect It may also be due

to the longer duration and the higher expected exposures during the projects
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CHARACTERI STI CS OF ASBESTCS ABATEMENT PROGRAM AT

THE UNI VERSI TIES OF NORTH CARCLI NA,

Characterictics

Assessnment & I nspections
Time frame

I nspectors

I'nci dents Involving Ashestos
Moni t ori ng
Bul k Sanpling
Air Sanpling

Witten Incident Records:

. I'ncoming requests
Cum Data Tabul ation:
bul k sanpl es
air sanples

Letters of Response
H& S Building files
Physi cal Plant/Housing
or Planning
I'ncident initiator

Abat enent Projects:
Maj or Fundi ng Source
smal | projects
large projects

Rernoval :
0 & M Housing
Contractors

Enpl oyee Safety
Abat ement  Trai ni ng
Respi rator Program

Physi cal s exans

AND M CHI GAN

UNC

all canpus
3 years
OSHO*

routinely

routine
nost

yes
yes

sel dom
sel dom

sel dom

QM
Facilities Planning

60- 80%
only large
renovation projects
2-3 per/craft

nonconpl i ance

yes, conpliance w OSHA
respiratory requirements only

UCFI

all canpus
5 years
OMF *

12 bui | di ngs/ mo;

routine
often

yes

yes
yes

yes
yes

yes

=M

Capital Prograns

| ess than 20%
all but small

O&M proj ects

2 sessions
(-150 peopl e)

nonconpl i ance
unknown

no

I LLINO'S,

UOo—M

~20 buil di ngs
pre-renovation
contractors

6- 10/ week

routine
often

no

yes
soneti nes

yes

sel dom

yes

=M

Pl ant Ext ension

20- 40%
all but small

O&M proj ect s

only O&M

(abat enent team

yes/ compl i ance

yes
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Funding is another forseeable problemfor institutional ashestos abatement
prograns. The decision to fund an ashestos abatenent project is hased on the
recomendation fromthe offices of health and safety, on the remodeling and renovation
schedul es of the offices of building and planning or on public relations considerations. The
author found no formal written decision-naking process for determning the necessity of
abatement activities. Large abatenent projects general [y utilize university building funds
which take a mnimmof two years to acquire. Officials in the planning office or above

typically are not inforned in asbestos requirements. If the proposed PELS are inplenented
and enforced, there will be an even greater financial demand for ashestos abatement

progr ans.

C. RECOMVENDATI ONS

If institutions decide to remve ashestos during routine nintenance, they shoul d
conply with the respirator and nedical eval ution programs outlined in this paper. The
programs at the university of Mchigan and North Carolina have shown the feasibility of
medi cal eval uations. The respirator and personal protection programs at all three
universities fall short of legal requirements. The solution is enforcenent and education
Since craft-crews encounter ashestos on a daily hasis, it is not reasonable for one asbestos
abatenent coordinator to inspect every project. Rather, the coordinator should have access
to the crew schedul es and shoul d randonly conduct surprise inspections. All operations
and nai ntenance personnel should be trained to recognize ashestos and deal with it

effectively, regardless of supervision. The best motivation for compliance is supervision

and heal th/safety education.

University planning and engineering offices should also be aware of asbestos
abatenent requirenents. Inproved comunication between heal th and safety and the
pl anni ng and budgeting office i's recomended. Know edge of the legal and technica
requirements will allowthe budgeting office to appreciate the necessity of large capita
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outlays for ashestos removal. This problemwill becone nore pressing as exposure lints
decrease and existing ashestos materials deteriorate. The project planners and engineers

need to appreciate the legal difficulties, time and cost involved in compliance
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ASBESTOS RELATED DI SEASES AND FI BER TOXI COLOGY

Epi dem ol ogy studies strongly associate asbestos with cancer and fibrotic [ung
di sease. Toxicology studies repeatedly induce tumors in animals exposed to ashestos by
various routes of entry. The follow ng discussion is intended to describe ashestos
mnerals, explain why ashestos has disease causing potential, and overview the asbestos-

rel ated di seases.

1. ASBESTOS M NERALS

Asbestos is a group of natural, serpentine or anphibole silicates. The most
commonl y used ashestos serpentine mneral is chiysotile (My3Si205(CH4) (Seaton

1984). 1t is white, lustrous, and sheers into curly, very fine fibrous bundles due to the
molecular silicate sheets encased by magnesiumand hydroxide ions. The fibrous

amphi bol e mnerals are generally crocidolite (Na2(MyFe3+Fe2t) SI8022(CH/ slightly
blue), amosite ((MyFe2+)7518022(CH2/ brown, magenta, or yeUow), anthophyllite
((MFe2t) 7S 9022(CH 2), actinoUte (Ca2(MyFe2+)5Si8022(0H2), and tremUte
(Ca2(MyFe2)5519022)- The anphiboles differ fromthe sepentines in that the crystals are
instraight, double chains rather than curled plates. Amosite is characterized by long fibers
whi ch have poor spinning properties, but are useful in fabricated building materials
(Merevether, 1956). Chrysidolite is useful in products resistent to chemcal reactions and
tremlite, whichis brittle and not suited for manufactured cloth, is used chiefly for

Insul ation on pipe lagging and steamconduits. A mentionable but |ess common ashestos
formis percidolite. It is distinctively blue and is used primarily to insulate boilers
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Al ashestos fibers are conposed strong fibers that are physically durable and
chemcally stable. The |ooseness and friability (the tendency of bonded fibers to [ose
integrity and become airborne when disturbed by hand pressure) of ashestos fiber bundles
depend on both the mneral state and the degree of processing. Fiber bundles vary in size
fi"oma few mecrons of individual strands to clearly, visible groups of bonded materials
Three inportant characteristics of ashestos fibers are durability, respirable size, and barbed-
W re shape. These factors contribute to ashestos toxicity (Leineweber, 1981). A'though
chrysotile often occurs in thick fiber bundles which are too large to enter [ung aveoli, the
highly toxic chrositolite fibers are finely differentiated and readily lodge into the |ung

aveol i .

2. ASBESTOS- RELATED DI SEASES

Ashestos is linked to ashestosis, mesothelionas, and bronchial and |ung cancers
There I's unclear association of ashestos to cancers of the digestive tract such as the
stonach, colon, and rectum (Gardner, 1942; Selikoff, Hanmand, Churg, 1964 and 1968
MDonal d and MDonal d, 1978; Yazicioglu, et al, 1980; Whitwell, Scott, and Ginshaw,
1977). Although the correlation is |ess certain, ashestos related diseases may also be caused
by drinking or eating ashestos contamnated water and food (Baris, et al, 1981; Sigurdson
et al, 1980). Because the association hetween occupational ashestos exposures and cancers
of the digestive tract is uncertain, this section enphasizes incurable diseases that are
strongly associated with exposure to airborne ashestos. The justification for the enmergency
0.5 f/cc TWA standard (48 Fed. Reg. 51086-51140,1983) contains an excel | ent overview
of recent epidemological and toxicological studies . A detailed description of ashestos-

related fibrotic lung diseases (wth pictures) appears in Ki Poong Lee (985) and Seaton
(1984)
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a. Ashestosis. This incurable, fibrotic lung disease usually results from prol onged
or excessive occupational exposure to any of the common types of ashestos (Seaton, 1984).

M croscopic fibers becone embedded in the lungs, causing the formation of non-functiona
scar tissue. The result is a continual decrease in lung elasticity and functional capacity

Al'though synptons may remain dormant or latent for 10 to 30 years, the disease is
degenerative and gradual [y causes or contributes to death. Individuals with asbestosis
often die ashestosis-related conplications such as brochogenic, gastrointestinal, and pleura
neopl asms. Cigarette snoking is believed to be associated with asbestosis norbidity
(Berry, G, Glson, J. C Holmes, S., Lewnsohn, H C Roach, S.A, 1979)

b. Mesothelioma. This is arare and always fatal cancer that affects the lining of
the chest and abdomnal cavity. Mortalty usually occurs within one year of diagnosis
Asbestos is the only known cause in this part of the world. The disease is not associ ated
with snoking. Although the latency period is estimated at 20-30 years, it has occurred
both without long |atency periods and with either short-termor [owlevels of exposure
(McDonal d and McDonal d, 1978). Of the three nost common ashestos forms chrysidolite
appears to have the greatest potential to cause mesothelioma, followed by amosite and then
chrysotile (Seaton, 1984). Spouses of ashestos workers are known to contract
mesothel ioma. It is thought that airborne exposures are generated from|aundering ashestos
contam nated work clothes; hence, disposable coveralls are now recommended to reduce
the occurrence of the disease

Asbestos is the onl'y known causative agent for nesothelioma inthe US. It is
plausible that agents having fibrotic properties simlar to ashestos (see "Factors of Fiber
Toxicol ogy") could al so cause the disease. These agents could include fubrous erionite
fromvolcanic deposits (Artvinli and Bans, 1979) and mcroscopic plant materials (i.e. non-
spherical pollens; related during discussions with Varren Cook, February 1986)
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¢. Lung and Bronchial Cancers. Lung cancer accounts for approximtely 20% of
all deaths in heavily exposed ashestos workers (Hammond, Selikoff and Seidman, 1979).
Asbest os workers who smoke are estimated to be approximately 53 tines more likely to die
of Ixng cancers than are nenbers of the general population who do not smoke. Ashestos
workers who were heavy smokers show a statistical increase in the risk of dying fromlung
cancer by 87 tines. Lung cancer differs fromMesothelioma in that it directly affects the

lung tissue and has a latency period of 10-30 years

3. FACTORS OF FI BER TOXI COLQOGY.

Knowl edge about the disease potential of ashestos conmes from epidem ol ogical and
ani mal toxicol ogical studies, fiber deposition nodeling, and in-vitro ceU culture
experinents (Leineweber, 1981).  According to current theory, the inportant determnants
for the biological activity leading to disease are fiber size and dimensions, dose, and

durability or insolubility of the fibers in the system

a. Size and Dimension. Fibers of lengths greater than 8 mcroneters (uns) and
diameters [ess than 1.5 uns have the greatest tumor causing potential, with the maxinum
biological activity occurring fromfibers of about .25 uns. All experiments published up to
1981, support the hypothesis that long thin fibers (as described above) have the greatest

mal i gnancy potential. In contrast to equidimensional particles that have a deposition limt
of approximately 10 uns, fibers up to approximately 200 uns can penetrate the dista
portions of the lung and become odged in the brochial branching points or the alveol

sacs. The [imting factor of respirability seems to be fiber diameter, with 3 ums as the
approximate upper limt Athough removal by the mico-ciliary clearance mechani smdoes
not seemlimted by particle size or shape, evidence suggests that macrophages are unable

to remove fibers that are longer than 10 ums.
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b. Dose. Perhaps the toxicity factor most relevant to determning an appropriate
abatenent exposure level, is the dose. The dose refers to the amount of respirable ashestos
Whi ch the worker 1s exposed to times the duration of the exposure. It is influenced by the
concentration of inhaled fibers, whichis estimated in this study by sanpling techniques
prescribed by OSHA in ashestos abatenent programs. The effective dose ultimately
depends on the penetration of the fibers into the respiratory systemand the efficiency of the
clearance nechanisms previously described-

Morbidity usually increases wth the dose. Threshold [imts for toxins were
devel oped by professional comttees to identify the [evel at which the dose of a substance
15 n0 longer safe. Even though these threshold limts often become occupational |ega
exposure limts (PELS), popular cancer theory holds that there is no safe threshold limt for
carcinogens because genetic mutations by one unit of a carcinogen (i.e. afiber) caninitiate
or pronote the devel opment of cancer (Trosko and Chia-Cheng Chang). It fol lows that a
"o risk [evel" I's only obtained by no exposure. It is virtually impossible to obtain this no
risk level. Ashestos s environmentally ubiquitous because of the extensive usage—and
consequential deterioration—of ashestos materials since the early 1900s

¢. Durability. The thirdfactorof fibers toxicity is their apparent durability
Whereas, body fluids etch, pit, and weaken glass fibers, ashestos fibers do not readily
deteriorate. The body seens unable to either dissolve ashestos into non-toxic products nor
Weaken themto the point of breaking into pieces small enough to be removed by

macr ophages.

4. CONCLUDI NG REMARKS.

Removal of asbestos insulation is expensive and usually necessitates replacenent
Since size and shape apparent|y influgnces toxicity, there is a potential that fibrous ashestos
substitutes may also be toxic. Little is known about [ow levels of exposures, especially
conplicated by smoking, radiation, or chemcal laboratory exposures. Despite
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EPA/ OSHA cl ean air checks fol I owing abatement projects, there is insufficient evidence
that indicates a lower level of exposure exists when ashestos is removed prematurely. It is

certain, however, that environmental and occupational exposures increase during asbestos

renoval .
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DI SCUSSI ON OF FI BER COUNTI NG METHODS
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DI SCUSSI ON OF Fffi ER COUNTI NG METHODS

Electron meroscopy and the menbrane filter/phase contrast methods are two
recogni zed means of eval uating asbestos in environmental samples. The electron
meroscope methods (e.g. Asbestos International Association RTM, 1984) utilize an
electron beamto scan the |oaded asbestos filter samles for fibers. The electron mcroscope
methods are the most accurate comvonly acceptanle method of identifying and counting
ashestos fibers. The methods are expensive and, therefore, not generally used. The
nenbrane filter/phase contrast mcroscope methods (e.g, N OSH Nethods P&CAM 239
1977 and Method 7400,1984) can be used to conply witii OSHA'S air monitoring

regulations. Unfortunately, the phase contirast methods are inaccurate for both fiber
counting and fiber identification.

1. FI BER COUNTI NG AND DETECTION LIM TS

NIOGH filter/phase contrast mcroscope methods have variable [ower [imts of fiber
detection and uncertain blank fiber counts. Variations in sampling techniques and analysis

equi prent result different Tower Timts of frber detection. The theoretical [imt is derived by
the following limt-of- detection equation:
TABLEAe

Area of filter (mm) x # of counted fibers
a* Xair flowrate (L/mn) x # of fields x tine

= Arborne fibers/liter of air

LI M T- OF- DETECTI ON =

¥ Nl | 1 | .
3o 8 LR 140f e s ),
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field area < mv2)

B&L 0. 006084
Ni kon 0. 004225
Leitz 0. 007225
a ynpus 0. 006724
Zei ss 0. 006806

Based on one half of a fiber count, the theoretical limt-of-detection can be 0.0005
fibersicc ina 2000 [iter air sample. The lowest linit-of-detection in this studyis 0.001
fibersicc used by Quality Analytical Inc.. Athough data fromHealth and Industrial
Hygiene Laboratory show detection levels as lowas .001 f/cc, representatives of the
conpany believe that fiber counts less than 10 f/100 fields are invalid and use a nore
conservative upper limt of 0.002 f/cc. Nalsco, CAL, and Olayton Environnental reported
it lovest ranges as 0.0 to 0.01 f/cc. Randolph and Associates reported various limts of
detection varying from.01 to .09 f/cc. Inadditionto determning avalid and consistent
| ower |imt-of-detection for this investigation, studies indicate that the method has an

i nherent problemof non-zero and variable fiber counts for blank filters (Altree-WIIians,
1985).

2. FI BER | DENTr nCATI ON

In 1985, two Australian researchers characterized the fibers collected on air samples
(Atree-Wlliams, 1985). They filtered the air on a Nucleopore filter via traditional
sanpl ing neans and examned the results using a Filter/Scanning E ectron M croscope
method (NPF/SEM. The conditions of the experinent were chosen to match the
collection efficiency, fiber detectanility and convenience of the membrane filter/optical
(phase contrast) mcroscope method. Table BY. illustrates the discrepancy betveen the
nunber of asbestos fibers and the conbined nunber of asbestos, (non-asbestos) mneral,
and organic fibers. The phase contrast method interprets the combined count as the

asbest os count.


NEATPAGEINFO:id=2D515D9E-CDB2-4DB0-9C01-F8C8E156B10B


TABLE Be

MONI TORI NG RESULTS OF Al RBORNE FI BER
CONCENTRATI ONS IN 22 BUI LDl NGS

STUDY PROFILE: 193 sample taken in 9 offices and 3 plant buildings;
ASBESTCS TYPES IN BUILDINGS: ChrysotUe = 9

Ampsite « 9,
Crocidolite = 2,
Ashestos removed = 3,
none = 2;

ASBESTOS CONCENTRATI ONS

No. of Samples fiberg/litgr fibgrs/gg

A == - O ===
= = - OO =
— == - OO =
22 = 1 .. 001
aqa s = O - OO o

ORGANI C FI BER CONCENTRATI ONS

No, of Sanples fibers/liter fil?22r5/ pp
1 63 . 063
1 59 . 059
1 25 . 025
13 10- 20 .010-. 020
58 5-9 . 005- . 009
119 0-4 . 000-. 004

M NERAL (NON- ASBESTOS) FI BER CONCENTRATI ONS

No. of Sanples fibers/liter fibers/cc

3 10-13 . 010-. 013
10 59 - O50- . O90
36 25 - 020- . 040
144 10- 20 O OG NGO ®
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APPENDI X D

CATEGORI ZATI ON OF Al RBORNE ASBESTOS CONCENTRATI ONS
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CATEGOR! ZATI ON OF Al RBORNE ASBESTOS CONCENTRATI ONS
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