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AsBESTOS CONTROL PROGRAM FOR
INSTITUTIONAL FACILITIES?

By Mark D. Ryclman,’ A. M. ASCE, DeVere W. Ryckman,” F. ASCE,
and Jeffrey L. Pefers’

ABETRAET: Asbestosrontaining materials have been used in 20% -50% of the
iosfitutivns in this country for ceiling, beiler and pipe insulation, acoustical
treatmert, end fAreproafing. Medical criteria indicates that there is no limiting
dass relating relationship between asbestos exposures and the variouts cancers
it may cause that are either fatal or difficylt to treat. The Environmental Pro-
tection Agency estimates that betweert 100 and 6,800 people may be sxpected
to dic promaturely of cancers dug tu non-peak asbestos exposure at the pre-
valling levels in schaole. Tolnl environmental heakh impacis may be consid-
erably higher due o peak exposures created by malntenancg, renovation, and
other actvities, The purpose of this treatise le to present state-of-tha-art asbes-
tos environmental health auditing procedures, corrective action program dealgn
and implementation, and Lability /risk contrel considerations to reduce the pro-
jected enmviranmental heakih impacts. Special emphasis is placed on the use of
deenntamination alt-lock chambers, personnel protective measures, rernoval
methodologies, medical surveillance/environmental monitoring procedures,
waste packaging and dispoesal prectices,

BACKGROUND

The Bnvironmentat Protection Agency (EPA) estimates that since the
beginning of this century, over 30,000,000 tons (2.7 X 10" kg) of asbestos
fibers have been used in the United States, at an average annual usage
rate of 750,000 tons (6.8 x 10° kg). Two-thirds of this amount has been
utilized by the construction induskry for the manufacturing of insulating
and fireproofing materials. The popularity of asbestos as a construction
material is due to the excellent resilient properties toward heat, sound
reflection, and a variety of chemicals {Table 1). However, these resilient
and other physicochemical properties also make asbestos an important
priority pollutant of severe pathological consequence {Fig. 1).

Over 15% of all cancer related deaths during the next 25 yr will be
linked to exposure of asbestos dust, Exposure to asbestos dust increases
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TABLE 1.—Physicochemical/Toxlcologlcal Properiles of Ashestos

Propariy Desoniption
(1 @
{g) Physicochemical

Fibrous silicate minerals : Serpenting—chrysotile

Amphiboles—amosite, anthophyllite, crocidalite,
emolite, actinolile

General characteristics | Incombustible, high tensile strength, thermal and

electrical fnsulator, high tensile strength, good

chemical resistance, good acoustical properties,

hydrophobic, low settling velocities

Fiber fength (.03 ko 30 microns
Fiber dimmeter 100 to 250 A
Morphology Long tubular shape
(1) Toxicological
Physical effects Skin and eye irritant
Asbestosts—inhibits oxygen exchange ‘o blood in
lungs
Cancer agent Mesothelipma, lung cancer, and cancer of esopha-
gLS, stomach, colon and rectumn ~

the risk of asbestosis (& fibrotic disease of the hing whereby embedded
dust fibers are surrounded by scar tissue), lung cancer, mesothelioma
{a cancer of the membrane lining of the chest and abdomen), and other
cancers of the gastrointeslinal tract (Table 1). These diseases exhibit a
characteristic 1540 yr latency period between exposure and symptom
development. _ _
One of the principal areas of concern €or exposure to asbestos is main-
tenance personnel and building occupants in slructures where ceiling
materlals contain asbestos. Of special interest are primary and sccondary
educational institutions, whete spray-on insulation materials containing
asbestos were used widely In construction. In these institutions alone,
the TPA estimates Lhat 3,000,000 students, 250,000 faculty members, and
23,000 maintenence workers have been exposed to asbestos fiber con-
taining material. It is in these facilities that individuals are exposed to
asbestos fibers on a daily basis for many years. Current projections in-
dicate that as many as 6,800 of these individuals may be expected to die
prematurely of cancers at prevailing oxposure levels in schools.
Primary exposure mechanisms (Fig. 2) include loss of adhesive or co-
hesive properties of the matrix, structural vibration, water damage, ma-
trix impaction, and facility modification, Secondary exposure may be
caused by resuspension of fiber particles duc to air movements or clean-
ing activities, and the ability of patticles to cling to the hair or clothing
of individuals, and become resuspended at another time. The tendency
for asbestos particles to remain suspended in the air allows them to be
easlly inhaled or ingested, _
Government agencies such as the National Institute for Occupational
Safety and Health (NIOSH) and the Occupational Safety and Health
Administration {OSHA} are directing attention to the hazards of asbes-
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FIG. 1.—Electron Micrographs of Ashestos Flbars: (a) Thin Chrysotile Fibers, A,
and Thicker Amosite Fibera, B, with Magnesite Filier (Nonfibrous) in Typlcal In-
aulation Materiel; and (b) High Magnification Micrograph of Chrysotile Showing
Typical Tubular Morphology

tos exposure through more stringent proposed reguiations, Current OSHA
standards limit asbestos exposures to twa fibers per cubic centimeter
(2f/cc) over an 8-hr time weighted average (TWA) period, with a 15-min
ceiling limit of 10f/cc. The existing standard is based on counts of fibers
five microns or longer in length, using Phase Contrast Microscopy to
analyze air samples collected from the breathing zone. NTOSH has pro-
posed standards that would limit exposures to 0.1f/cc for an 8-ht TWA
and a 0.5f/cc ceiling limit,

Unfortunately, current and proposed air standards do not effectively
address the full scope of the problem. When asbestos-containing ceiling
matrices are handled abrasively, asbestos fibers break into extremely small
particles and are dispersed into the air. As can be seen in Fig. 3, 65%
of all fiber particles released are smaller than five microns in length.
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FIG, 2.—Modes and Rates of Asbestos Flbar Dispersal
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More importantly, current research indicates that asbestos fibers may
enter the lung much like a javelin, thereby making diameter the critical
dimension. Fig. 3 indicates that 96% of all fibers released into the air are
smaller than 5 microns in diameter, Size distribution analysis of airborne
asbestos fibers {Table 2) indicate that the majority of fibers deposited in
the lungs have lengths of 3.3 microns or less, with particles ranging in
size from 0.01 microns to 3.3 microns being responsible for the most
tissue damage to the lungs.

From the data presented in Fig. 3, it may be deduced that current air
sampling methodologies for asbestos may be missing 65%~96% of the
total number of airborne fibers. (The writers, in addition, are concerned
about the adequacy of OSHA and NIOSH asbestos-approved respirators
and their effectiveness In removing these small fibers.} To compound
the problem, current medical research suggests that exposure periods
for as short as one month are responsible for a significant number of
reported cases of asbestosis. Consequently, the medical community has
adopled a “zerv risk/zero exposure” criteria for asbestos exposures in
buildings.

INTRODUCTION

The purpose of this treatise is to present the state-of-the-art asbestos
environmental health auditing procedures, corrective action program de-
sign and implementation, and liability/risk control considerations. The
writers hope that the information contained herein will assist engineers,
architects, and institution officials to better cope with implementing ef-
fective asbestos control programs.

Material pertaining to auditing procedures and program design have
been developed by the writers and employed on facililies containing over
1,500,000 (139,500 m?) of asbestos-containing matrices. Much of the ma-
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TABLE 2.~-Aabesics Fibars Less Than 3.3 Micrans Ih Langth are Deposited in
Lungs

Lengin, in
micramalars Dispoaltion
SH ' {2)

Ower 10 Fibory are deposited in the mucous layer of the bronchi
{upper respiratary tract)

3-10 Fibersg are removed in the bronchi

3-5 Fibers will possibly pass deep into the lungs, but not in
any appreciable quantity

0.5-3 Moest fibers are deposited at the alvecli {air sacks).
Although this size distribution is too small to be seen
by the unaided eye, it ia the size which causes injury
in Ehe hungs

0.4-0.5 Fewer fibers are deposiled; 80% are exhaled; fiber
behavior sitnilar to Brewnizn molecular motion

Under 0.2 Blectrostatic forces cause combinabon of these
extremely fine pariicles and alvealt deposition is again
high

terial pertaining to program implementation ie reproduced with the per-
mission of officials of the University of Maryland. This project received
an “Engineering Excellence Award-—Honorable Mention” from the Mis-
souri Consulting Engineers Council in May, 1981,

ProGraAM DESIGN

Asbeslos Environmental Health Audit.—An environmental health audit
is conducted to determine the extent of the problem and the viable al-
ternatives for corrective action. An algorithm (Fig. 4) has been developed
1o aid in selecting the appropriate methodology for problem resolution.
The atgoritfun was designed to aid experienced e.n%ineers In appropri-
ately defining the concentration of asbestos, total effective area of con-
tamination, and the physical condition of the ceiling mzterial to deter-
mine potential modes for release or dispersal of fibera or beth. From
this, various corrective action alternatives such as entombment, encap-
sulation, and remaval could be defined and evaliated.

To adequaiely define matrix composition with heterogeneous matri-
ces, a minimum of ene bulk sample per 5,000 sq ft (465 m?) of effective
areq, or three bulk samples per sample area should be taken, A sample
arca is defined as a given matrix atea within a building having the same
properties. All bulk samples must be analyzed using Polarized Light Mi-
croscopy as presented in “Interitn Method for the Determination of As-
bestiform Minerals in Dulk Insulation Samples,” Supplementary analysis
including Polarized Light Microscopy with dispersion staining, scanning
election micrascopy, x-ray diffraction, and energy dispersive analysis may
be necessary te obtain a correct matrix characterizafion.

For matrices found to contain greater than 1% asbestos by weight. a
confirming audit and pilot program should be conducted to ensure cor-
rect matrix characterization and selection of the appropriate cerrective

279

Evgluate
FamovaAeplocemant

a1 Enlombmont

3 E I
- - i
2 <
L - - K c
r = = [ -
3 a2a" b o o
k3 = % 3 | :1:
v ol - n -
- = e = H - = T
- s T % s @ =
: :-.|:;§ Hz:d
“ = Q ER-
a3 ®T = o
N -
E H
] - 1
= L]
B2 2 HIEE
n o= s 7 #l v 3 E
al® &z a s 1 2 T 2
FERE R N 5 2y
s § F - H N
M o4 ol o gy ‘._‘.UF“.--
we 29 5 Zlo 2
i H IR EEEY
3= = H 2 ¥ B
2T ¥ 2z H IR c2ad®
da = & = al B oA w F
HER L ] = d 3 ¥ < 5L

i

Mz brix

cam e

High
Y : L]

Evaimte

Hamé¢raHRwplacsMant

ur Entembmant

SampringProgram

4 gor Enample Arean

1 per sooe 112

AnbPaxtan
Centont

1]
——

A

watelc

Nd Action Asgulred

Monitar

Frayant jmpsci

LLT 18

[
2

Yres

“lotwrlm Fropram

LILTY

Micrueiatlz Vecuuming

Changa Fllisre

TiG. 4~~Environmenta! Heaith Asbestos Audit Algorithm for Selecting Cerrecitve Action Methodology



action wethodology, Numerous cases of removing sprayed-on matrices

not containing asbestoa or applying an encapsulant to a ceiling matrix
that failed during application could have been avoided if representative
sampling, evaluation, and selection of an apprepriate program had heen
conducted by compeient and experienced professionals.

When a friable matrix containing asbestos is discovered daring an au-
dit, an interim cleaning and control program should be implemented to
‘minimize asbestos exposure. Amended wet cleaning techniques and high
efficiency microstatic vacuum systems prevent resuspension and prop-
agation of asbestos fibers in the contaminated area. In addjtion, contam-
inated air handling flters should be replaced and packaged, labeled, and
disposed of as an asbestos containing waste.

Contractoy Specifications,—Suggested specification elements for en-
gineering removal contractors fo control liabilitics and risks ate pre-
sented in Table 3. These specifications outline citeria a contractor should
meet concerning qualifications and experience, and the steps to be fol-
lowed to ensute that all work is performed in accordance with good
environmental health practices, Project supervision and certification by
registered professional engineers experienced in environmental health

TABLE 3.—Suggested Speclfieation Elements for Engineefing Coniractors to
Control Liabliitles and Risks

Elemant Description
4 {2)

Experience requiremént | Work conducied under registered professional
anvironmental engineers or certified industrial
hygienisfs supervision

Past work completed Completed three Jobs of equal size and can
substantiate flbars of all sizes inside and
outside the work area controlled bejow .1
fibers per cubic centimetey {NIOSH
recommended standard)

Medicel survetilarice Produce evidence that all employees are in good
requirement health and have complied with medical
examination requirernents of 20CFR191Q, 1001(j)
iCorrective action Requlire conformance with good envirorumental
implemented health practices for removal, encapsulation, and

entombment. Encapswaton and entombment of
matrices containing agbestos require the same
personal protection and dust control systems as
for removal
Personnel protection Disposable hoods, coveralls, gloves, boots,
requirement umbilical cord or self-contained brealhing
systems or radionuclide respirators {only if dust
counts in work area kept below 0.1 fberxs/ix)
Project certification Asbestos removal, confinement, and residue
requirement disposition completed in accordance with good
environmental health practices certified by
professional engineer or certified industrlal

hygienist

28"

or certified industrial hygienists will ensure conformance with good en-
vironmental health practices,

PROGRAM [MPLEMENTATION

In June, 1980, the University of Maryland contacted REACT to imple-
ment a decontamination program for the Student Union Bowling Aliey.
The deteriorated ceiling insulation was sprayed on 22,000 sq ft (2,046
m?) of concrete waffle ceiling located behind a suspended ceiling track
system as depicted in Fig. 5. Bulk sample analysis determined that the
matrix confained 30%-60% chrysotile asbestos,

Twao control strategies were considered by the University of Maryland,
The first alternative was to encapsulate the ceiling matrix using a com-
bined system of 2 panetrating and a barrier agent. The ceiling matrix is
first sprayed with a penetrating agent to enhance the adhesive and cohe-
sive properlies of the matrix, and then sprayed with an elastomeric bar-
vier agent to minimize damage from impaction, The second altemnative
was removal of the insulation matrix and replacement with a nontoxic

-material with comparable accoustical properties.

Addressing only capital costs, encapsulation is generally less expen-
sive, $3-$10/5q ft, ($0.28-50.93/m’), than removal costs, $4-$20/sq ft
($0.37-%1.86/m”). However, long-range operational and deferred capital
costs associated with encapsulation far exceed removal costs, With en-
capsulation, routine inspection, maintenance, and demolition cosls must
be included to determine total program costs.

The University ot Maryland selected removal over encapsulation be-
cause tests showed that the matrix had degrgded to the point that it
could not suppurt the wet load of encapsulating agents. It wag discov-
ered that the insulation would not have t be replaced since the sus-
pended celling system would provide the desired acoustical properties
tor noise control in the bowling alley,

Personnel Protection.—Prior o beginning removal operations, several
factors regarding health and safety were considered. Precautions were

FId. &.—Dweteriorated Colling Ingulation at University of Maryland Stuclent Uinlen
Howling Alley
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taken to prevent asbestos fiber exposure to removal personnel and con-
finc dust propagation to the work area.

" The first concern was the safety of removal personnel since these in-
dividuals potentially would be exposed to the highest concentration of
fibers. A respiralor cartridge, designed for use in environments conlain-
ing low levels of dusts, mists, fumes, and radionuclide daughters was
chosen because of its high efficiency of 99.98% particle removal down
“to sizes of 0.3 microns, The writers recommend using umbilical cord or
self-contained breathing systems if there is any concern over holding all
particle sizes below 0.1 fibers per cubic centimeter in the work area.

To prevent propagation of fibers from the work area via worlker trans-
port, disposable protective coveralls, hoods, and booties were worn. These
protective garments were disposed of in the vacuum area adjacent to
the work area and packaged and labeled as asbestos-containing residues.

Asbestos Control Zones.—Four separate control zones were defined
to prevent dust propagation outside the contaminated area. The work
zone isolated the decontamination operations from the rest of the build-
ing. The entire work area was sealed off and covered with 6-mil poly-
ethylene plastic to prevent dust fibers from contaminating farniture, car-
peting, and other articles in the work zone. In addition, all openings in
the work area including heating, ventilating, and air conditioning sys-
tem ducts were sealed off to prevent dust propagation via the plenum.

The next three zones consisted of the vacuum zone, shower and wet
cleaning zone, and clean room. Each of the three zones was constructed
as an airlock, with 6-mil double flap plastic sheets to prevent air currents
from passing asbestos fibers from one zone to the next. Personnel,
equipment, and packaged residues leaving the work zone were cleaned
in the vacuum zone employing microstatic vacuum equipment. Dispos-
able clothing was removed and placed in containers. Personnel still
wearing their respirators proceeded to the shower zone where fibers ad-
sorbed to respirators amf skin were rinsed off. Contaminated shower
water was collected in the shower basin and pumped through a two-
stage cartridge filtration system consisting of a 75-micron primary filter
and a 5-micron secondary filter prior to discharge into the sewer system.
Packaged residues and equipment were wet cleaned with an amended
solution containing polyethylene ester and polyoxyethylene ether and
water, Contaiminated liguid residues from the wet cleaning zone were
treated through the same filtration system as shower water. Street clothes,
new disposable personal protective equipment, clean equipment, and
supplies were staged in the clean room: Rest room and eating activities
were restricted to the clean room or area outside the clean room. As can
be seen in Table 4, the use of a four zone control system confined as-
bestos fibers generated during removal to the work area.

Removal Operations.—After construction of the four control zones,
lhe decontamination program was initiated by removal of the suspended
ceiling system below the sprayed-on insulation. Fallout from the insu-
lation had contaminated the reverse side of the ceiling panels and sus-
pension tracks. Each panel and the associated track system was wetted
to control dust propagation and vacuumed with microstatic vacuums.
Microstatic vacuums were used becausc tests indicating comparable dust
removal efficiencies to High-Efficiency Particulate Aerosol (HEPA) Sys-
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TABLE 4.—Cortrol Zones (Conflne Fiber Lavels Generatad During Removal Pro-
cede To Work Area and Below NIOSH Praposed Standarda

Fiber
consentration,
in Fibers per

Sample number Activity and location Cubic Centimaler
(1) ()] &)
524.3 Ambient concenlration during bulk none
removal in bowling alley
515 Work area during removal - D042
3249 Vacuum zone during removal 0,024
524.20 Shower zone dming removal none
52411 Clean room during remove! none
524 ¥ Final dusl counl in work area 0.001
following asbestos
decontamination

Note: Qriginal percentage of asbestos in the ceiling matix wag 30%. Afr anal-

ysis by phase confrast microscopy.

tems {Table 5), and because microstats do nol fail under wet conditions
as do HEPA Systems, The efficiency of the microstatic vacnums under
wet conditions permitted the eeiling panels and track systems o be dis-
posed of as noncontaminated wastes, resulting in a considerable cost
savings to the client.

To minimire propagation of asbesins fibers at the work sorface, the
wetting agent and water solution was used to fully saturate the insu-
lation matrix. Application of the wetting sclution decreased the surface
tension of water on the hydrophobie asbestos fibers permitting the for-
mation of a roalesced wetted matrix. Periodic misting of the air pre-
vented the resuspension of particles and kept the dust counts in the
work area below the proposed NIOSH standard of {.1i/cc (Table 4).

Environmental Health Monitoring,—Air monitoring instruments were
employed to periodically sample asbestos aiv concentrations. Four air
samples were taken every 24 hr during removal operations as follows:
two inside the work arez, gne in the vacuum zone, and one ambient
sample outside the building. The monitoring devices consisted of an air
pump with a carlridge cassette holding a membrane filter. Personal
monitors were calibrated at samipling rates of two liters per minute. Min-
fmur sampling periods of 2 hr (240 L) for ambient and clean room sam-
ples and 1 hr (120 L) for work area and vacuum zone samples were
ntilized to collect representative samples and to ensure accountability
with the NIOSH proposed ashestos standard,

Dehumidification Systems,—Removing asbestos-containing insula-
tion from a bowling alley presented several unique problems. By sealing
the work zone with polyethylene plastic, a “dead” airspace was created .
causing thermal gradients and “sweating” between the plastic and bowl-
ing lanes. Wetting the matrix with the wetting agent solution, along with
periodic misting of the air created high humidity levels. A dehurnidifi-
calion system was designed to prevent water damage to the bowling
alleys, pin setting machines, and electronic gcoring equipnient. Calcium
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TABLE 5.—Microstatic Vacuum and Air Cleaner Performance Meet NIOSH Pro-

posud Asbesios Slandards of 0.1f/cc and Do Not Fall under Wet Operating
Conditions

Fiber
concentration,
in fibers per
Sample number Activity and location millilier
) (2) ' ()
3210 Transformer room prior to isolation 4.9
and microstatic decontamination
321.100 Transformer room after isolation and 0.00712"
microstatic air cleaning
321-M Armbient air sample prior to isolation 0.8°
and microstatic air cleaning
335.2 Ambient air sample following isolation 0.005°
and microstatic air cleaning
321-N Hallway first floor prior to isolation 0.8
and decontamination
321.200 Hallway first floor after isolation and 0.000855*
decontamination

*Analysis by scanning electron microscopy.

PAnalysls by polarized light mlcroscopy.

Note: Spray-on fireproofing containing asbestos ranged from 30% to 50% amo-
site and 2% to 3% chrysotile. HVAC filter media prior to decontamination con-
tained 2% to 10% amosite asbestos.

chloride desiceators and a three-stage microstatic air filtration system ex-
changed air in the work zone, thereby controlling humidity and fiber
levels.

Trace Fiber Fixation and Encapsulation.—Following bulk removal op-
erations from the ceiling, removal personnel utilized fine wire brushes
to remove residual asbestos fibers from the ceiling surface. Trace asbes-
tos fibers were fixed to the ceiling using a polyvinyl acetate copolymer
{PAC) bonding agent. Spray-on insulation material behind ducts and other
inaccessible areas was encapsulated and labeled as asbestos-contamu-
nated to deter future impact.

Residue Packaging and Disposition.—One hundred and thirty cubic
yards (99 m’) of asbestos residues from removal operations were pack-
aged while wet in 6-mil polyethylene bags, sealed, labeled, and loaded
into 40-cu-yd (31-m®) closed skips for transport and ultimate disposition
at a licensed hazardous waste disposal site. Contaminated protective
clothing, filter cartridges, and contaminated air handling filters were
treated as asbestos containing residues. Thirty-five cubic yards (27 m®)
of decontaminated suspended ceiling material were disposed of at a san-
itary landfill resulting in a substantial cost saving to the client,

ConcLusions AND RECOMMENDATIONS

Asbestos materials in institutions can be identified and controlled by
utilizing experienced and knowledgable professional environmental health
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personnel. To avoid compounding asbestos exposure problems under
existing inadequate laws, it is suggested that programs be designed, su-
pervised, and certified by Certified Industrial Hygicnists or Registered
Professional Engineers experienced in asbestos control strategies.

Asbestos control programs—whether they involve removal, encap-
sulation, or entombment—should follow the same fiber control strate-
?ies as presented herein to protect workers and public health and wel-
are, Gross fiber contamination problems have resulted in entire facility
shutdowns for periods of one to twelve weeks when corrective action
programs were not supervised in accordance with good environmental
health practices for all modes of corrective action.

State-of-the-art removal practices can be implemented in a cost-effi-
cient manner. The Maryland program involved over 28,000 sq ft (2,600
m?) of contaminated ceiling matrix removal from the bowling alley, lec-
ture hall, and mechanical and electrical vaults. This project was com-
pleted for $176,000 which was 548,000 below removal costs estimated by
the National Institute of Environmental Health Services. Microstatic air
cleaning and vacuum equipment used in conjunction with dust misting
systems will control dust levels below NIOSH proposed standards and
save 30%-50% over the cost of traditional HEPA systems.
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