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ABSTRACT

Microscopical tests including polarized light
microscopy (PLM), phase contrast microscopy (PCM),
and transmission electron microscopy (TEM) were
used in the testing for possible fiber release during
cutting and stripping of wire cables that contain
asbestos insulation. The testing was done in con-
trolled plastic enclosures large enough for a worker to
cut and strip wire cables as had been done for making
electrical connections. The concentrations of airborne
fibers greater than 5 urn in length were not signifi-
cantly different from the detection limits during cut-
ting and stripping of the four wire cables containing
asbestos that were tested. The concentrations of
asbestos fibers of all sizes in the air (TEM concentra-
tions) were not increased over detection limits.

INTRODUCTION

Wire cables used to carry electrical power have been
known to contain asbestos fibers in their insulating
covers. The cutting and stripping of wire cables may
release asbestos dust. This study was designed to
determine under controlled conditions, the levels of
asbestos, if any, which might be released into the air
when four different types of asbestos-containing wire
cables were cut and stripped.

MICROSCOPICAL METHODS

Polarized light microscopy techniques for the analysis
of bulk samples were used to determine whether the
wire cable samples contained asbestos fibers in their
insulation (1).
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Air samples are analyzed for asbestos using both
light and electron microscope techniques. The stan-
dard procedure for the analysis of air samples for
asbestos in an occupational environment is the
National Institute of Occupational Safety and Health
(NIOSH) Method 7400 (2). This procedure uses PCM
to count fibers greater than 5 [xmin length and greater
than a 3to 1 aspect ratio. The method counts all fibers
seen at 400X magnification without distinguishing
asbestos fibers from other fibers. It only counts fibers
greater than approximately 0.25 [xmin diameter, the
optical resolution limit of the PCM.

A draft version of International Standards Organ-
ization (ISO) Standard Method for the analysis of
directly prepared air filters for asbestos by transmis-
sion electron microscope was used to provide infor-
mation about the asbestos structures in the air sam-
ples (3). This method eventually became the standard
method for ambient air by TEM: 1SO 10312. Asbestos
structures containing asbestos fibers greater than 0.5
[xmin length were counted using this technique.

STUDY SITE

The study was conducted in a warehouse in Norcross,
Georgia. The study team conducted the wire cable
cutting and stripping tests after an asbestos abate-
ment contractor had prepared a containment area
with four chambers. The containmentbarriers in each
area consisted of two layers of 6-mil polyethylene
plastic sheets on the floor, walls and ceiling of each
chamber. The total containment area was approxi-
mately 150 square feet with an 8-foot ceiling height
and 4 individual chambers each 4 feet by 8 feet (32
square feet). All personnel inside the containment
area were protected by air purifying respirators and
complete head and body coverings. The decontami-
nation system consisted of a changing room outside
the testing area, a shower room and a clean suitup
room. The decontamination system was used each
time a person exited the study area.
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EQUIPMENT

Asbestos analysis was done by PLM utilizing an
Olympus BH-2 polarized light microscope having a
magnification range from 40X to 1000X. The air sam-
ples were analyzed by PCM with a Nikon Alphaphot-
2 light microscope and by TEM with an analytical
Phillips 400 electron microscope (AEM) equipped
with an EDS X-ray analysis system.

MATERIALS

Four (4) different wire cables of 1.125 or 1.25 inch
diameter were tested. Each cable contained a ribbon
inside the outer covering which identified the manu-
facturer. Based on PLM, all cables contained
chrysotile asbestos inside the outer cover. Descriptive
information for the product materials follows:

Experiment #1. Sample MDGA-19(14) was a 1.25
inch diameter cable with 20 copper wires, woven steel
sheath with a rubber-like black insulating coating.
The interior ribbon read: "General Cable Corporation,
Bayonne, NJ, 1967 MIL-C-915A".

Experiment #2. Sample THFA-30 was a 1.125 inch
diameter cable with 3 copper wires with a woven
metal sheath on black rubber-like coating. The interi-
or ribbon read: "Md'd. by Phelps Dodge Copper
Products Corp. - Habirshaw Cable & Wire Division,
Yonkers, NY 1944 Navy".

Experiment #3. Sample MHFF-37 was a 1.25 inch
diameter cable with 8 copper wires (color coded) in a
black rubber-like coating. The interior ribbon read:
"U.S. Steel Corp. Worchester, Mass. 1957 to U.S.
Navy Specs MIL-C-915A".

Experiment #4. Sample MHFF-30 was a 1.125 inch
diameter cable with over 20 color-coded copper wires.
The interior ribbon read: " General Cable Corporation
Eltkton, MD 1968 MIL-C-915-A".

PARTICLE RELEASE TESTING

In the controlled containment areas, background
area air samples were collected before any work was
performed on the wire cables. The rooms were
aggressively swept with a broom during the collec-
tion of the background samples. Area air samples and
personal monitoring samples were collected while the
material was cut (in a dry condition) with a hack saw
and the wires stripped of insulation. For each of the
cables, a piece of wire cable was cut and the individ-
ual wires stripped as would be done for making an
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electrical connection. The cutting and stripping was
done after discussions with an electrician who had
worked in shipyards for many years installing this
type of material.

Air samples using mixed cellulose ester filters
were collected during the cutting and stripping. Each
activity tested lasted about 30 minutes. Separate air
samples were also collected during a dry broom
sweeping period which lasted approximately 5 min-
utes. The person cutting and stripping the cables was
fitted with two personal air sampling devices. Two
area air samples were also collected. The personal air
samples were collected at rates of 0.8 and 1.9 liters per
minute. One area air sample was collected with a per-
sonal air pump at a rate of 2.5 liters per minute. The
other was collected at a rate of approximately 5.1 liters
per minute.

RESULTS

The results of air monitoring are summarized in
Tables 1-4. The asbestos concentration values of the
area samples were always less than those of the per-
sonal samples. The limits of detection varied with the
volume of air collected. The PCM concentrations of
airborne fibers greater than 5 pm in length were either
at or below the detection limits of the method during
cutting and stripping of the wire cables tested. The
concentrations of asbestos fibers of all sizes in the air
(TEM concentrations) were not increased significantly
over detection limit values during the cutting and
stripping of the wire cables containing asbestos.
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Sample Description

Background
Background
Personal During Stripping
Personal During Stripping
Personal During Sweeping
Personal During Sweeping

Sample Description

Background
Background
Personal During Stripping
Personal During Stripping
Personal During Sweeping
Personal During Sweeping

Sample Description

Background
Background
Personal During Stripping
Personal During Stripping
Personal During Sweeping
Personal During Sweeping

Sample Description

Background
Background
Personal During Stripping
Personal During Stripping
Personal During Sweeping
Personal During Sweeping

* Fibers > 5 (jtmin length
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Table 1.

Results of Experiment #1, Cable MDGA-19(14)
Air PCM 7400
Volume (L) Fibers*/«

790 0.007
790 <0.003
57 <0.05
25 0.11
1 <0.2
5 <0.5

Table 2.

Results of Experiment #2, Cable THFA-30

Air PCM 7400
Volume (L) Fibers*/«:
790 <0.003
790 0.006
57 <0.04
25 <0.1
1 <0.4
5 <0.6

Table 3.

Results of Experiment #3, Cable MHFF-37

Air PCM 7400
Volume (L) Fibers*/«
790 <0.003
790 0.007
57 <0.04
25 <0.1
1 <0.2
5 <0.5

Table 4

Results of Experiment #4, Cable MHFF-30

Air PCM 7400
Volume (L) Fibers*/«
790 0.015
790 0.01
57 0.06
25 <0.1
1 <0.3
5 <0.6

** Structures contain asbestos fibers > 0.5 (mi in length

TEM
Structures**/«

<0.006
Not Analyzed
0.08
0.8
0.4
<0.95

TEM
Structures**/«

<0.006
Not Analyzed
0.2

<0.2

<0.5

<11

TEM
Structures**/«

<0.006
Not Analyzed
0.3
0.2

<0.4

<0.95

TEM
Structures**/«

0.006
Not Analyzed
<0.08
<0.2
<0.5
<0.9
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LOMO® POLAM Polarized Light Microscopes

The LOMO® POLAM™ family of Polarized Light microscopes, distributed in the US by LOMO
America, Inc. of Prospect Heights, Illlinois has an amazing number of capabilities considering its
price range from $5000 to $7500. Designed by American and Russian engineers and built by
LOMO PLC (St.Petersburg, Russia), one of Europeis oldest and most advanced optical manu-
facturers, the POLAM( series combines the highest optical quality and unsurpassed versatility
with many unique features unavailable from any other microscope manufacturer in the world.

POLAM( is capable of transmitted light studies in polarized light, bright field, phase-contrast,
dark field, and can utilize dispersion staining technique.

POSITIVE FEATURES FROM BOTH MECHANICAL AND OPTICAL STANDPOINTS INCLUDE:

= Stand — Rugged and stable tripod frame provides focusing and attachment of the
light source, stage, condenser, and head. Coaxial low-position coarse/fine focusing
with graduated vernier scale.

e [llumination — True Kdhler illumination with built-in field iris diaphragm, focus-
able collector lens system and a variable intensity 9V/70W halogen bulb.

= Heads — Your choice of binocular or trinocular heads with built-in iris diaphragm
for greatly improved viewing of interference figures. The interpupillar distance is
adjustable from 56mm to 75mm.

= Objectives — The objectives are all stain-free Plan Achromats. They are 2.5x 0.05
N.A., 10x 0.20 N.A. (with iris diaphragm), 25x 50 N.A. phase contrast, 40x 0.65 N.A.
brightfield. 6-x 0.85 N.A., and 100x 1.25 N.A.

= Eyepieces — Three 10Ox eyepieces are supplied: one general purpose, one with cross
hairs, and another accepting a grid or a scale reticle (inluded)Analyzer: The analyzer
is rotatable 180deg. with vernier reading to 0.1 deg. There is a slot in the adapter tube
to accommodate compensator plates.

< Nosepiece — The precision ball-bearing nosepiece accommodates five indepen-
dently centerable objectives.

= Stage — Rotating ball-bearing stage with vernier reading to O.ldeg. The 45deg.
stops may be turned on and off. Supplied with stage clips and a detachable mechani-
cal stage.

« Options — LOMO's unique and patented monochrometer is ideal for determining
reflective indexes. It consists of a disc with six interference filters, which may be set
at different angles to produce light in the 400nm to 700nm region.

= Dimensions — 20i x 22i x 8i; Weight: 9.5kg/211b.

Unlike the competition, the Bertrand lens (focusable and centerable) is a standard feature on
POLAM™ microscopes. The POLAM™ microscopes have many attractive design features,
suitable for a variety of applications in analytical chemistry, forensics, environmental science,
mineralogy, crystallography and many more. The features and quality of this product provid-
ed with LOMOis Limited Lifetime Warranty result in a microscope surpassing its peers of
other world-renowned brands.



