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INTRODUCTION

Aoestos is a generic term applied t0 a nunmber of fibrous erystallines
siblicute minarals. Although chemically they sre grouped as hydreted
shlicoltes, ey vary greatly in degree of nydration, complex coimpo-
Etdon. of ths silicata, and physiecal propariies of the erystalline
Tk e stresture,

Lefarexce wes mede %o ashestos &S early as several centuries B.C.
Th wan pot eztepliched as a mineral of industrial importance, how-
everg watil srownd the end of the last century. Asbestos has a
wide voriedy of uses in modern industyial technology because of its
auirtanding prepgerties af chemical resistance, fibrous structure
and inccombustinility. It is used in the manufacture of textiles,
felrs, ropes, Brake linings, clutch facings, roofing and flooring
matarials, asbastos—canent products, gaskzets, insultation materiels,
gpaeial pecers, filters, and plastic products. These are used in
prclically every majer imdustry.

Slatdzbics from the Bureax of kMines "Minaral Facts and Problems,
Bulletin 6350, 197%" indicate that the United States is the world's
largest conuumer of asbestos, using more then one~fifth of the 3.5
million shovt tons of world production. MNost of the asbestos prow
Guutisn is chrysetile ashestos, but approximately 200,000 tons of
the. world¥s producticn esach year consists of amosite end crocidolite.
T JUER the United States consumed about 23% of the total world pro-
duction.

Acnestos workers have hecn the subject of numerous studiss and re-
vaew erticles since z3bssiosis was first recognized as an occupa-
tionol disease in the Iate 1920's; however, many questions remained
wiznowzred concerning the elinicel aspects of the disease and its
griclogy. Information on the prevalence ond eliniecal characteristics
of aztrstosis had been derived primarily from medical studies of
activnly emplcryed zshastos workers. These were supplemented by
syacial clinical studies =nd autopsy data. Idittle defipitive data
regarding the nature =nd magnitude of concurrent envirenmental ex-
pesures had been obtained.

Even though an estimated 3.5 million workers are exposed annually
to ashestos, this may represent only a part of a much larger emerg-
ing base resulting from advancements in industrial technology anc
affecting e far greater population, the ropidly expand;ng_ileld of
indvstrial fibsv technology. There is evidence that respirable fi-
bers, whether they are of matural minerzl, vegetable, or sypthetlc
arigin, may behave guite differently in the lungs than particewlates
af the same chemical composition.
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A comprehensive study was started in order to obtain data whick could
be utilized to accomplish the following objectives:

1. To determine the health status of the asbestos workers in this

%ndustry with specizl attention to diseases of the respiratory
racte.

2. 7o determine the relationship between occupational exposure and
cause of death of asbestos workers.

3. To develop medical and environmental criteria and procedures for
the control of health risks identified by the study.

4. To determine which environmental factors have an adverse effect
upon the health of asbestos workers in the asbestos-—products
industry.

The National Institute for Occupational Safety and Healih (NIOSH)
(formerly Division of Occupational Health) in the U.5. Public Health
Service has been conducting an epidemiological study of the asbestos
processing industry since 1964, This paper will confine itself to
the envirommental phase of this study which was designed %o define
the working envivorment of the various plants. Particular emphasis
was placed on levels and nature of exposure to asbestos dust.

PRESENT "EPIDENIOLOGIC STUDY

The present epidemiologic study of the asbesios products industry
was started for the following reasons:

1. The substantial changes in the size gnd tgchnologynof the ipdus-
try have created new exposure situations in need of evaluation.

2. Overwall reductions in asbestos dust levels now.make it possib}e
to examine the relation of asbestos to asbestosis in workers with
long~term lower level exposures.

3. The relationship between types and magnitudes of exposures and
the occurrence of lung cancer needs to be defined.

SAMPLING METHODS

The types of samples collected in the environmental phase can be
divided into four categories: *

1. Bulk samples - Several pounds of each of the different types of
- erude fiber, bag house waste, and treating and lubricating oils
used were collected at each plant.

2. long period gravimetric samples - Several instruments for obtain-
ing mass samples of total and respirable dust were run simule
teneously in the representative area in the midst of each opera-
tion., These instruments included a high volume sampler, & Hex-
Het modified to take a membrane filter, and a set of four mem- o
brene filter field monitors with and without 10 millimeter cyclone pye~
samplers, and a membrane filter field wonitor with a horizontal :
aluiriatar wos brenm,

.
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3¢ Simultaneous impinger~filter samples - Breathing zone samples
‘teken with an impinger and a membrane filter simultaneously
were used to obtain a comparison of these methods of dust
enumeration. This method of sampling was used because the in~
itial exposure limits were based on samples evaluated with the
impinger and it was hoped that a correlation existed between
the methods so that a meaningful use could be made of all the
past data collected. Other sets of simultaneous impinger—
filter samples, with and without horizontal elutriztor pre-
samplers, werc taken in general room air near specific opera—
tions,

‘4. Personal Samplers - Only the personal samples collected using
membrane filters will be discussed because it gives a better
index of airborne fiber concentration. Iynch, et all found
that the impinger method of sampling was very inefficient with
relation to capturing fivers to be counted later. The lack of
fibers in the iwpinger samples was not due to the absence of
fibers in the air. The impinger, an impaction device, has a
collection efficiency related to the aerodynamic size of par-
ticles and is not efficient for particles with falling speeds
less than that of one micrometer, unit density spheres. Fur-
ther, the 10X objective, light field, counting technique used
does not resolve particles much smaller than one micrometer (um).
Laboratory exveriments showed that the impinger passed fibers
and from field szampling it is estimated that only about one
out of one hundred fibers in the air as seen in electron micro=-
graphg was seen in the impinger samples.

Since it ic important thet any method used be able ‘to measure that
fector in the environment that is most relevant to the disease-
causing mechanism and will, therefore, yield a significant correla-
tion between health and exposure, it was determined that the mem-
brane filter method met this criteria. Fibers have long been im-—
plicated as the causative agent in asbestosis and may be signifi-
cant in cancer. Timbrell's® work showed that because of the )
peculiar aerodynamic properties of fibers (i.e., that their falling
speed is dependent on diameter only when aspect ratios are greater
than 10) it is possible for much larger objects (}onger and peavxer)
- to penetrate deep into the lung in the shape of fibers than in the
shape of grains. This appears to be a most significant biologic
property considering that the parent minerals involved (amphibole
arnd serpentine) are not considered biologically active.

Based on methods developed in Great Britain3, a methoﬁ of collecting
and counting fibers on membrane filters was developed”. _These {11_
ters have pore sizes of 0.8 pm but are almost 100% efficient down

to several hundredths of a micrometer because of surface effecis.
They are dissolved by means of a mounting mediwn which is prepared
by dissolving 0.05 g of membrane filter per ml of 1 to 1 mixture

of diethyl oxalate and dimethyl phthalate and has an index of re—
fraction {ND) equal to 1.47. The samples are counted with a 4 mu
objective (430X) under phase contrast illumination. By examning

a suitable number of fields, it is possible to count enough Ilbe?s
to make a statistically useful estimate of fibrous dust concentra-
tion. 1In order to collect a sample representative of airborne dust
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which is likely %0 enier the subject's respiratory system, it is
necessary to position a collection apparatus near the nose and

mouth of the subject (i.e., in his "breathing zone”). An exploded
view of the sampler is shown in Figure 1. The sample is collected
on a 37 mm millipore type A4 filter mounted in an open-face field
monitor. The monitor is fastened to the worker's lapel and air is
drawn through the filter by means of the battery powered personal
sampler pump, similar to those approved by NIOSH under the provisions
of 30 CFR T74. A support pad is placed between the field monitor and
the membrane filter which aids in controlling the distribution of
air through the filter. Plow rate of the personal sampler punp was
maintained at 1.7 liters per minute (lpm). Sample time varied from
15 minutes up to 4 hours. The majority of the samples were collected
between 1 1/2 to 2 1/2 hours. Actual sempling time depended upon
many variables (e.g., concentration of fibers, types of operation,
amount of background material present, etc.).

GENERAYL, CHARACTERISTICS OF PARTICUIATES IN ASBESTOS PLANTS

The sources of airborme particulates in an asbestos processing plant
may be classified as follows:

1. Fibrous asbestos
2 Asbeﬁtos type minerals (serpentine, antigorite, etc.)

3. Non-zsbestos type mirerals occurring with asbestos (magnetite,
periodotile, chromite, nickel, quartz).

4. Other process materials (cotton, rayon, glass fiber, etc.)
5. Non-process materials (air pollution).

An air sample from an asbestos plant teken by any efficient sampling
device and examined microscopically reveals that most particles do
not appear fidbrous. They resemble, in fact, the particles common
in air samples from virtually any operation producing mineral dust.
If sueh a sample is magnified several thousand diamedters by electron
microscopy many particles less than 0.5 micrometers (um) in diaweter
are also visible. These small "air pollution" particles occur in
any air sample, indoor or outdoor, and the number varies depending
on time, season, community heating fuel, location of plant air inle¥s
relative to nearby smokestacks, and general atmospheric conditions,
Air pollution particles bear little if any relationship to the Qust
generated from asbestos processinge. *

However, many fibers including rayon and cotton which are identifi-
able by their large diemeters are also observed in such an eir sample.
The presence of asbestos fibers is the unique characteristic of the
sample., Pigure 2 is a typical electron micrograph of dust from as-
bestos textile processing., Figure 3 is an electron micrograph at a
higher magnification of extremely clean bulk asbestos treated to

open the fibers.

Both Dreesen® and Fulton® reported that the usual diameter of airborne
ashertcs fibers wags lass than 0.%am, Electron miernryaphy oenioizes
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OLd.pn digmeter. If a fiber is defined. @3 having an aspect ratio

greater than-three to-one, most-of -the Tibers, by number, are

g?ort;.med;gg.lgngths.ffom:elpgﬁppg,micrographs are between 1 and
.. JlbePpld,

CURRENT STANDARDS

Asbestos has been listed as one of- the five target health hazards
by the: Qecupational Safedy- and Health Administration of the U.S.

Department: of lizbor. As of December 7, 1971, an emergency stan-

aard. for asbestos was invoked by the. federal government under the
agagxgeg of the Occupstional Safety- and Health Act. The standard
statess: ) B

"“The B-hour time~weighted average airborne concentration

af agbestos dust to which employees are exposed shall not
exceed five fibers per milliliter greater than five mi-
erons in length, as determined by the membrane filter method
at 400-450X magnification (4 millimeter objective) phase
cantrast tllumination. Concentration above five fibers per
ni¥lliliter but, not to exceed ten fibers per milliliter,

may be permitted up to a total of 15 minutes in en hour
for:up. &g five hours. in am 8zhour day."

The Nationzl Institute for Ocoupational Safety and Health (NIOSH)
in its “Criteria for a Regommended Standserd.....Occupational -
Exposure to Asbestog," recommends: ’

*Occupaticnal exposure to airborne ashestos dust shall
be eontrolled so that no workers shall be cxposed t0
more than 2,0 asbestos fibers per cubic ceniimeter (cc)
ef air based on a ceunt of fibers greater than five
micrometers (>5 um) in length (determined by the mem-
brene filter method at 400=450X magnification (4 milli-
meter objective) phase contrast illumination, vonels
determined as a time-weighted average (TWA) exposure
for an 8-~hour work day, and no peak concentration of
asbestos to which workers are exposed shall exceed
10.0 fibers/cc greater than 5 pm as determined by a
minimum sempling time of 15 minutes,!

RESULTS OF ENVIRONMENTAL, SAMPLING

Although many different fypes of samples have been collected only the
results of the membrane filter method will be discussed because this
is the method enumerated in the existing Federal Standard on asbes-
tos. ALl of the data listed are the values of fibers greater than

5 micrometers in length. All concentratidns are listed as the num-
ber of fibers greater than 5 micrometers in length per cubic centi-
meter of air sampled (hereinafter, as fibers/cc). The results
listed are based on approximately 10,000 samples that were collected
and ¢ounted. )

Table 1 lists $he arithmetic means of the pver-zall asbestos concen-—
trations by types of plants for those that werec in the cohort. In
some cases -there were three swwveys conducted, for example, in the
textile and friction plants. A minimum of two surveys was conducted
4n each plant. The cycle on the resurveys was epproximately every
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2 1/2 years. This table provides an overview of the various types
of plants and allows only general conclusions to be made., It can
be seen that there is a definite difference in exposure levels
among the various types of plants. On the surface it would appear
that the insulation plants have the highest exposures, followed by
the textile, friction, construction materials and cement pipe plants.
The velues for the insulation plants are high because two of the
plants had very high values as shovn ir Yable No. 2. This table
shows the asbestos concentrations by various operations within the
insulation plants. The plants are arranged according to the over-
all individual plant average for all surveys conducted tlhere. The
wide variation between the highest plants and lowest plants can be
attributed to the amount of controls that each plant has. It is
evident that regardless of the over~all plant average the mixing
operations have the highest exposure of all operations in all the
plants and the inspection and packing operations the lowest. If
hese values are compared with the emergency standard of 5.0 fivers/
cc (TWA) and 10.0 fibers/cc (peak), it can be secen that all means
for all operations at the two highest plants not only exceed the IWA
value but the peak value as well. Whereas the plant averagze for the
lowest plant for all operations was equal to or less than the proposed
standard of 2.0 fibers/cc,

Listed in Table No. 3 are the asbestos concentrations for the insu-
lation plants by operations broken down according to the over—all
means by survey cornducted. The over—all values at each operation
are high as a result of the very high values from two of the plants.
There was very little difference between the results of the two
surveys conducted except at the mixing operations. All other op-
erations had similar values for both surveys., The mixing operations
had the highest exposures.

Table No. 4 lists the textile plants by individual plants according
to their over-all plant average for all surveys conducted. It ap-
pears that a plant which has a high over-all average will gene?ally
have a high average for each of the various operations. 7hat is
not to say that the highest averaged plant over-~all will have the
highest average for each and every operation, but it is true most of
the time. If their values are compared with the emergency standard
of 5 fibers/cc, then neither of the two highest averaged planis
have any operations where the mean value is below it. The second
lowest-averaged plant has two operations which fall below the emer—
gency standard, Whereas the lowest-averaged plant has virtually
every operation below the emergency standard.

The various asbestos concentrations by operations within the textile
plants for each survey conducted are shown in Table No. 5. The fi~

ber preparation, carding, spinning and twisting operations all ap-
pear to be problem areas based on the present emergency standard.
gnly the winding and weaving operations appear to be near the stan-
ard.

The average concentrations for the friction plants are listed by the
over-~all individual plant average in Table -No. 6. When con§1der1ng
the mean values of the various operations with respect to }:e D~

2+ l.‘,. 1,

gency siandard of five fibeors/ec, it is apzavmi tha
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plant hasn't any operations whieh are below the stendard, The sec-

ond highest averaged plant has feur operstions which are just
slightly above the emergency standard and two operations whigh gre
below it. The two lowest averaged plants have mean yalues for ali
the operations below the emergency siandard, When semparing hese
o plants using the proposed standard of ¥wo fibers per cc, it
can be seen that the seoond lowest plant has two epewations which
have mean valucs below and two eperations which are reasonably
close to the proposed stendard, whereas, the lowest pveraged plant
has four operations which have mean velues below the proposed
standard and two of which are ressongbly close to it.

Table No. 7 has the prithmetic means by operations for all the
friction plants surveyed according to $he three surveys gonducted
at these plants. There appears o be 2 gertain smount of flugua-
tion among the various eperations for gach survey, with the over—
&ll means being highest in the mixing, grinding and sending, and
cutting and drilling operations. 7 ) o

The concentrations by operations for the gopstruction material
plants are listed according to over-agll individual plant average
in Table No. 8. The range of wvalues is small. The reason that
the value of the average of all gamples for the mixing operation
is higher them either value lisfed is that there was another plent
in the cohort which had a high value. Thet plent was not listed
because it had low welues for the forming and finishing operations
which brought the over-all plant ‘avgrage’ below the highest plant.

There were only two surveys conducted in the eonstruction mater—
ials plents (Table No. 9). There was a decrease in mean values in
all operations between ‘the original survey and -the resurvey. Omly
the mixing operations during the originul survey evceeged the
emergency standard of five fibers/cc.

Results for the gement pipe plants mre in Table No. 10. 0Only one
of the arithmetic means of the asbestos -concenirations by opera-
tions exceeds the emergancy standard of five fibers/cc -~ that, in
coupling finishing. This high mesan value <is the xresult of one
praple with an extremely high concentration. [Since there was no
inmediate apparent reason for suspecting thet it .was not a valid
wample, 1t was included. However, it :should be -pointed out that
®ll other operations at that plant and all operations at the other
pPlants have concentrations that are relatively low. Based un the
proposed standard of iwo fibers/cc, there was only one operation,
mixing, in the two lowest averaged plants which exceesded -that
sbandaxrd. B ’

Table No. 11 lists the asbesios concenirations by operations for
‘the wcement pipe plants according to -the surveys conducted at sach
plant. There were only itwo surveys conducted at each -plant. All.
mean -values Tor -the resurvey were below those from -the original
survey. .All operations in cement pipe plani have mean -values
wiich @are below -the wmergensy standard of 5 fibers/ee.
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SAMPLING HMETHODS EVALUATION

A special study was conducted to evaluate the possible variations
between: 1) different sampling positions, and 2) repeatability be-
tween adjacent samples. In the past, it was standerd operating PO~
cedure to ascertain whether a worker was right-handed or left-handed,
and then the field monitor would be hung from his left lapel and
right lapel, respectively.

The first phase of this study consisted of having a worker simul-
taneously wear two samplers with one field monitor positioned at
his left lapel, and one at his right lapel (left-right paired sam-—
ples). The pumps were hung on the worker's belt and the hoses put
over his shoulders and attached to the field monitors on each lapel.

Table Mo, 12 lists the results of the left-right paired samples that
were collected simultancously on each worker. There were a total

of 23 pairs of samples collected (46 total samples). The resulils
were tabulated according to which side had the higher concentration,
no matter how small. The total number of samples listed on this
table is 22 rather than the 23 pairs which were collected since

one pair of samples had the same concentration. The fact that an
equal number of samples had higher concentrations on each side does
not of itself tell the complete story, since it doesn't show the
variability in the differences. A more complete evaluation can be
realized if a range of differences is calculated. This was accom~
plished by subtracting the lower concentration value from the higher
concentration value. YWhere the right side had the higher ccncentra-
tion, the range of differences was from less than 0.1 fibers/cc up
to 1.0 fibers/cc, with o mean difference esqual to 0.3 fibers/cc.
Where the left side had the higher concentrations, the range of
differences was from less than 0.l fibers/ce up to 1.1 fibers/ce,
with a mean difference equal to 0.5 fibers/cc. Thus, it is evident
that even the differences (which are minimal) =re reasonably )
uniform regardless of which side had the higher value.

The second phase of this study was conducted similar to the first
phase 2n that two samples were collected simultaneously Ifrom an in-
dividual worker. Instead .of hanging the field monitors one on each
lapel, the field monitors were hung side~by-side on the same lapel.
The results of the side-by-side paired samples that were collected
simultaneously are listed on Table No. 13. For identification pur-
poses the field monitor located closer to the center of the worker -
was called the inside sample, and conversely, the other was.referred
to as the outside sample.

There were a total of 85 paired samples collected for this phase of
the study. The total number of samples shown on Table No. 13 is

84, This is the result of one pair of samnples having the same con-
centration for each sample. The distribution on these sgmp}es shows
that 38 of the samples had higher concentrations on the inside fil-
ter, whereas, 46 had higher concentrations on the outside filter.
The binomial probability test was applied to the data and the re-
sults indicated that this distribution of 38 and 46, for the inside
and outside samples, respectively, could have easily occurred oYy
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change. The;e is no significance in the number of samples on the
zgtsxde which had higher concentratione as compared with those on
e inside.

A check of the range of differences for the samples that had a
higher conceniration on the inside filter would reveal values of
less than 0.1 fiber/cc up to 1.5 fibers/cc. The mean of these
differences was 0.4 Tibers/ce. Where the 46 oulside samples had
higher concentrations than the inside, the range of differences
varied from less than 0.1 fibers/ce to 4.9 fibers/cc. The varia~-
tion between the high values of each side, 1.5 to 4.9, appears to
be relatively large. This is the result of one pair of samples.
The mean of the differences is only 0.6 fibers/cc for the outside
samples in contrast to 0.4 fibers/cc for the inside samples. The
difference here is not significant.

This phase of the study, the side-by-side paired samples, was also
instituted to determine what the variation in the sampling proce-—
dure was for samples that had values close to the proposed stan-~
fard of 2.0 fibers/cc. The side-by-side paired samples were
arbitrarily broken down into three separate groups:

1. -Semples with mean concentrations less than 1.5 fibers/cc,

2. Samples with mean concentrations between 1.5 and 2.5
fibers/ec; and

3. Semples with mesn concentrations greater than 2.5 fibers/cc.

The results of the first group (samples witl mean concentrations
less than 1.5 fibers/cc) are shown in Table No. 14. There was an
even distribution in the number of samples that had higher con-~
centrations on either side, 28 and 27. The range of differences
is the same, 0.2 fibers/cc, which is 10% of the proposed stan-

dard of 2.0 fibers/cc.

The breakdown for the mean concentrations for these samples which
had values between 1.5 and 2.5 fibers/cc is shown in Table No. 15.
There were 11 samples collected on the outside which had higher
concentrations as compared with 5 samples collected on the inside.
The outside samples had a higher range value, 1.6 fibers/cc, than
did the inside samples, 0.9 fibers/cc. The mean of the differ-
ences was the same for both types of samples - 0.6 fibers/cc.

Table No. 16 presenis the data for those samples with mean con—
centrations greater than 2.5 fibers/cc. The inside samples to-
taled 6, with a range of differences between 0.1 and 1.5 fibers/cc.
The outside samples, of which there were 7, had a range of differ-
ences between 0.1 and 4.9 fibers/cc. Since this group includes all
samples whose mean concentraticns are greate:r than 2.5 fibers/cco

it would be expected that a wider variation would occur between
renges of difference and means of differences because of the larger
values involved. The *high" value of 1.5 fibers/cc for the inside
samples was the result of a sample whose mean concentration was

4.7 fibers/cc. Whereas the “high" value of 4.9 fibers/cc for the
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outside samples resulted from a sample with a mean concentration of
12.3 fibers/cc. The mean of differences for the inside samples was
0.7 Tibers/cc, whereas the outside gamples had & value of 2.0 fibers/
cc. Once again, these values are influenced by several high sample
concentrations which, as expected, had higher differences between
paired samples.

SUNMARY

There is a wide variation among types of plents as well as among in-
dividual plants within a given type., This is a result of many factors,
including, but not limited to: different processing methods (e.g.,
spinning and weaving operations in textile plants as opposed ito wet
processes in the cement pipe plants); use of different types of as-
bestos (e.g., long fibers vs. short fibers); good housekeeping prac-
tices va. bad housekeeping practices; properly designed and operated
control systems; and modern machinery vs. antiquated machinery.
Whereas a number of plants have mean concentrations at most opera-
tions which exceed not only the proposed standards but also the ex=
isting emergency standard, there is a significant number of plants
which have values for most operations that do meet this criteria.
There are a number of controlled plants as evidenced by their abil-
ity to meet the lower proposed standard.

An evaluation of the special study based on all the samples collected
would indicate that there isn't any appreciable difference between
samples that were collected on either the right or left sides or bew
tween samples that were collecied side~by~side, especially for the
samples that had low councentrations. As the concentrations got
higher on the side-by-side samples, there might be a tendency for the
outside sample to collect a higher conceniration sample than the in-
side sample. When the proposed standard becomes law, the variation
at the higher concentrations becomes moot.

CONCILUSIONS

The results of environmental surveys of the various asbestos plantis.
reveal that dust concentration as measured by the membrane filter me-
thod are generally below the existing emergency standard. Due to

the natural variability of the environment, categories of signifi-
cantly different dust measuresments must be broad. There are currently
available methods by which dust concentrations to asbestos dust can
be maintained at or below the existing standard as evidenced by the
nuwaber of controlled plants in this study.

Based on the limited number of samples collected end analyzed during
" the special phase of this study, it would appear that position of

the field monitor on the worker has no influence on the resulting
concentration. There is little variability between samples collectsd
Side~by-side, especially at the lower concentrationse.
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TABLE NO. 1
ASBESTOS CONCENTRATIONS BY TYPES OF PLANTS

Arithmetic Means.
(Pibersy5mm in length per cc)

Type of Plants Original First Second  Over-all
Survey Resurvey  Resurvey

Textile 4.4 9.6 9.0 7.6
Friction 4.9 2.4 4,9 4.3
Cement Pips 2.6 1.7 - 2.2
Construction Materials 4.0 1.3 - 3.2
Insulation 13.9 12.9 - 13.4

TABLE NO. 2
ASBESTOS CONCENTRATIONS BY OPERATICHNS
INSULATION PLANTS

Arithmetic Means
(Fibers>5um in length per cc)

Over—all Individual Plant Average

Second Sescond Average

Operation Highest Highest  Lowest  Lowest of all
Plant Plant Plant Plant Samples
Mixing 58.9 25.3 11.2 2.0 26.0
Forming 23.2 25.6 3.3 0.3 13.8
Pinishing 34.9 27.1 5.1 0.8 16,0
Inspection & Packing 10.9 13.0 4.0 0.4 5.8

Means 26-2 13-5 4.9 005 1108




TABLE NO. 3

LAt C= gy vyt

ASBESTOS CONCENTRATIONS BY OPERATIONS.
- TSUTATION PLANTS
Arithmetic Means

(Bibexa”5um in langih per. R

A —

o Qriginal
OQperations Jurveay- Resurvey. Qyer-all
Nixing 324 1.2 420,
Farming 12.3 15.8 4 __).'q
Finishing 16.2 15.8 16.0
Inspection & Packing ¢.1 5)'.% %
T T T ST : —
Means - 13.9 ,12.»9 o334

I 0 T o v M Y =

FABLE 1D, 4
ASBESTOS CONCENTRATIONS BY OPERATIONS

P i

SEXTILE PLANGS

Arithmetic Means

(PibersySpm in length per g¢c)
Over-gll Individual Plant Averasge

—

Operation Highest =~ Jecond Second. Lowest  Average
Plant Highest Lowebt “Plamt  of&ll
Plant Plant o ‘;Sim_nples
s R I T e A — i T _“ ..~.....,.
Fiber Preparation 15,6 27,9 B 5.2 12.1
Carding 7T 204 A4 A3 1D
Spinning 12,6 6:8 &:1 3-8 8.7
Twisting | 12.9 9.0 8'3 3.1 7.7
Weaving 2.5 6,6 §-9 ? _-§ :4'9
Nisans _M, 2 9.9 3..;5 b A 5’3
— - o TETRETVIC"" > ST e e o fad R x. ioubd iRl
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TABLE NO. 5
ASBESTOS CONCENTRATIONS BY OPERATIONS

TEXTILE PLANTS ()

Arithmetic Means

(Pibers>Sum in length per co)

Operation Original Pirot Second Over-all
Survey Resurvey Resurvey

Fiber Preparation 8.4 11.4 15.0 12.1
Carding ’ 5.3 15.5 13.3 11.1
Spinning 4.6 12,1 9.0 8.7
Twisting . 4,1 8.5 9.6 7.7
Winding 4.6 4.5 5.3 5.0
Weaving 3.1 5.6 €.3 4.9

Means 4.4 G.6 9.0 . 7.6

TABLE NO. 6

A

ASBESTOS CONCENTRATIONS BY OPERATIONS

FRICTION PLANTS

Arithmetic Means

(Fibers>5um in length per cc)

Operation’ Second Second Average

Highest Highest ILowest  Lowest of all

Plant Plant Plant Plant Samples
Mixing 11.8 4,1 3.7 1.4 53
Forming 7.1 5.5 1.4 2.5 3.6
Hot Pressing 8.7 2.5 1.3 1.4 “3.4
Grinding & Sanding 8.6 5.7 2.6 2.4 4.8
Cutting & Drilling 8.7 5.6 2.2 1.8 4.4
Inspection & Packing 7.7 5.8 3.4 1.7 3.8

Means 8.5 4.5 2.1 1.7 4,0




“ g,
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TABLB NO. 1

ko e o

ASBESTOS CONCENTRATIONS BY OPERATIONS

e e et . [y v ——

FRICTION PLANTS

PR PP . v R e A Yt St it b

_Arithmetic Means

(Fibers>5pm in length per ¢c)

Qperation . Qriginal  Pirst Second  Over-all
Survey Resurvey  Resurvey
= T e i S o, e s 2 I Ao\ P 1 P s
Wixing 3.4 2.8 9.2 5.3
. Porming 5:1 2.2 2+4 3.6
Het Pressing 4.9 1.7 2.7 3.4
@rinding & Sanding 5.6 3.5 4.6 4.8
Guiting & Drilling 4,8 3.8 5.3 4.4
Inspection & Packing 5,0 1,5 3.2 3.8
Keans 4,8 2:4 4.9 4.3
TABLE NO. 8

_ASDESTOS COWbE”TRATIOV“ BY OPDRATIONS

QQNSTRUCTION MATERIAL PLANTS

—_—— jorpree—mnere

Arithmetic Means

&?-_i'psarésﬁnrm in length per cc)

Operation " Qverzall Individual """ Average

Plunt Average of all

mg,ht,st Plant - Lowestu?_lant Samples
Mi.xmg 4 6 3 6 5.9
Forming 4.8 1.1 2.2
Pinishing & 4.3 3.4
Meauns &7 24 3.1

* smrm . c N 1 g comme .




TABLE NO. 9
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ASBESTOS CONCENTRATIONS BY OPERATIONS

(Fibers»5um in length per cc)

Arithmetic Means

CONSTRUCTION MATERIALS

Operation Original Resurvey Over-all
Survey .
Mixing 6.8 5.9
Forming 2.6 2.2
- Pinishing 4.8 3.4
Packing 2.6 1.9
Means 4.0 3.2

TABLE NO. 10

ASBESTOS CONCENTRATIONS BY OPERATIONS

(Fibers>5um in length per cc)

CELIENT PIPE PLANTS

Arithmetic Means.

Over-all Individi;l Plent Average

Operation . Second Seocond Averags

Highest Highest Towest Lowest of all

Plant Plant Plant Plant Samples
Mixing 4.9 3.5 4.2 1.6 3.4
Pipe Forming 2.0 1.4 0.5 1.1 1.9
Pipe Finishing 2.9 3.2 0.8 0.8 1.6
Coupling Pinishing 9.5 2.9 1.1 1.1 2.5
Means 2.6 l.1 1.0 1.8

3.2




TABLE NO, 11

_ASBESTOS CONCENTRATIONS BY OPERATIONS
CEMENT PIPE PLANTS

Arithmetic Means

(?ibers>5pm in length per cc)

Operation Original Resurvey Over-all
sSurvey
Kixing 4.4 T 242 3.4
Pipe Forming 2.0 1.6 1.9
Pipe Finishing A 1.7 | 1.4 1.6
Coupling Pinishing 3.3 1.7 2.5
. leans _ 2.6 1.7 2.2

TABLE NO. 12

SANPLING METIHODS EVALUATION

Left-Right Paired Samples
Collected Simultaneously

Side with Number Mean of Mean of
Higher of Differences Differences
Concontration Samples Fiberss>Sum/ce Fibers>Sum/cc
Low High
Right 11 <01 1.0 0.3

Left 11 <0.2 1.1 " 0.5
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TABLE NO, 13

SAMPLING METHODS EVALUATION

Side by Side Paired Samples
Collected Simultaneously

Position with Number Range of Mean of
Higher of Differences Differences
Concentration Samples Fibers>5um/cc Fibers>Sum/cc
Low Hieh
Inside 38 <0.1 1.5 0.4
Outside 46 <0.1 4.9 0.6
TABLE NO, 14
SAMPLING NETHCDS EVALUATION
S5ide by Side Paired Samples
Collected Simultaneously
Sanples with Mean Concentrations
Less ‘than 1.5 Fibers>5pum in Length per ce
Position with Number Raage of Mean of
Higher of Differences Differences
Concentration Samples Fibera»Sum/cc Pibers>Hun/cc
Low High
Inside 28 <0,1 0.7 0,2
Outside 27 <0.1 0.8 0.2
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TABLE NO. 15

SAMPLING METHODS EVALUATION

Side by Side Paired Samples
Collected Simultbaneously

Samples with MNean Concentrations
Between 1.5 and 2.5 Pibers »5um in Length per cc

Position with THNumber Range of Mean of
Higher of Differences Differences
Concentration Samples PFibers »S5um/cc Fibers »Sun/ce
Low High
Inside 5 <0.1 0.9 0.6
Qutside 11 <0,l 1.6 0.6

TAGSLD MO. 16

SAUPLING METLODS BWYALUATION

Side by Side Paired Samples
Collected Simulianecusly

Bamples with MNean Concentrations
Greater than 2.5 Fibers »5um in length per cc

Position with Humber Nlean of Mean of
Higher of Differences Differences

concentration Samples  Pibers »Sum/cc Pibers >5um/ce
Outside 7 0.1 4,9% 2.0

*Sample Concentration = 12.3 fibers »5um in length per cc
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