*:-:-A“

= . o Kre2d

R

Iaternational
NN,

INDUSTRIAL HYGIENE SURVEY REPORT

FORTY-EIGHT INSULATIONS, INC.

AURORA, ILLINOIS

Prepared for:

Attention:

Prepared by:

MAY 1978

NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH

CONTRACT NO. 210-76-0120
SRI PROJECT NO. 5415

Mr., Ralph Zumwalde

Industrial Hygienist

NIOSH - Division of Surveillance,
Hazard Evaluation and Field Studies
Robert A. Taft Laboratory

4676 Columbia Parkway

Cincinnati, Ohio 45226

Douglas P. Fowler

Senior Industrial Hygienist
Center for Occupationzl and
Enviornmental Safety and Health

333 Ravenswood Ave, » Menlo Park, California 94025
(415) 326-6200 « Cable: STANRES, Menlo Park s TWX: 910-373-1246



TABLE OF CONTENTS

LIST OF TABLES +tvuvereverorssonssasnsassannsannensoennacenannns i
LIST OF FIGURES +uvvevecsoareonssonnssasansensnsosnnsscennnsoans ii
INTRODUCTION o ivevveconeosacosonncronsavoaonsonsannssnnsanvesse 1
DESCRIPTION OF THE FACILITY +vvevvecvncccnornocssacsananaconnes 2
MEDICAL, INDUSTRIAL HYGIENE AND SAFETY PROGRAM ,,......... 3
PRESENT PRODUCTION AND FABRICATION OPERATIONS ..... R
PAST OPERATIONS  ©uuurevvvnenecnnneconneeeeoneeennns cerenes B
JOB DESCRIPTIONS AND PERSONNEL +vvvvuveenescencoovvaoonnas 7
INSPECTION OF THE PLANT  ..vvveeeveasneeoacsanonanesossncsansans 12
HOUSEKEEPING  vuvvuevvorosnsosnvosnssnnsssssascsssssssasass 13
ENGINEERING CONTROLS +vvvvvvuveosonnsnassanenssnnnnseosanss 13
SURVEY PROCEDURES  vuvvvvsvvnsrvnssosssnsssssssasssnssssssenasss L1é
SURVEY EQUIPMENT +vuvesevesonearorosoasaossanssnosnnaseses 15
CALIBRATION ..evvvennenn. et i eeeeaeeeeeaateeataeeaaaa, 15
AIR SAMPLING v vvvuuvvevnecunencnnasnannonacaancsensnannnnns 16
ANALYTICAL PROCEDURES  tecvuvvevnvecennnnnacnneesansenannaennnns 18
CALCULATIONS AND REPORTING OF RESULTS sovevevvvcrseoncecnoecans 24
SURVEY RESULTS ..... e reeaaereaereaaneenaes RN erierreeanen 29
DISCUSSION OF RESULTS teevuveecsvveosoosonsvseassccosssnnoeanas 30
RECOMMENDATIONS AND CONCLUSIONS  tuevnvernevseccocecosnsannannns 33
TABLES AND FIGURES tuvuveerreeeesonssasossoasassossesonanannns 34

APPENDIX A: LIMITATIONS ON SURVEY SCOPE
APPENDIX B: BULK SAMPLE ANALYSES

ii



TABLE 1
TABLE 2
TABLE 3

TABLE 4

LIST OF TABLES

ATOMIC ABSORPTION OPERATING PARAMETERS

»

CORRECTION FACTORS FROM METAL RECOVERY EXPERIMENTS .....

AURORA - AIR SAMPLING RESULTS ...c4W.

L A I A A N A A I I I I 3

FIBER COUNTS BY SCANNING ELECTROM MICROSPCOPY (SEM)

AND OPTICAL MICROSCOPY (OM) ........

iii

Fy

.

LR B A I SR Y I

34

35

36

43



FIGURE
FIGURE
FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE
FIGURE
FIGURE

FIGURE

FIGURE

LIST OF FIGURES

1 - PLANT LAYOUT ........... B cesesrereveseanuen
2 — TFIBERIZATION PROCESS ...vvsvevanvsocosnsoorssasscnnnanes
3 - "SLOTTING" OPERATION .....ceuevn. Ceerreecsient et anas
4 -~ CUMULATIVE FREQUENCY DISTRIBUTION OF TOTAL

AIRBORNE PARTICULATE MATERIAL SAMPLE CONCENTRATIONS ...

5 - CUMULATIVE FREQUENCY DISTRIBUTION OF

AIRBORNE FIBER COUNTS ...iiuievivvovansssvnssrrnnnsans ‘e
6 - LOG-LINEAR CORRELATION OF FIBER COUNTS WITH TOTAL

AIRBORNE PARTICULATE MATERIAL FOR 30 RANDOMLY-

SELECTED SAMPLE PAIRS ...... srsr et e e et erretersenan
7 - LOG-LINEAR CORRELATION OF RESPIRABLE AND

TOTAL PARTICULATE MATERIAL ..... Ceetaaceen Y
8 - CUMULATIVE FIBER SIZE DISTRIBUTIONS ...... secesncaaes ..
9 - FIBER DIAMETER DISTRIBUTIONS ..uvivrevvrvconsncsnnanaes .
10 - FIBER LENGTH DISTRIBUTION ....... et et treretecrteenanannn

11 - LINEAR CORRELATION OF SEM FIBER COUNTS
WITHOMFIBER COUNTS "v.l'.'.l.l..."."..."'.l..l..'.

12 - 957 CONFIDENCE LIMITS ON MEAN FIBER CONCENTRATIONS ....

iv

44
45

46

47

48

49

50
51
52

53

54

55



INDUSTRIAL HYGIENE SURVEY
OF AURORA, ILLINOIS PLANT

OF FORTY-EIGHT INSULATIONS, INCORPORATED

INTRODUCTION

As part of SRI International's performance of NIOSH contract #210-
76-0120 (Industrial ?ygiene Studies of Mineral Wool Exposures), an indus-
trial hygiene survey was performed at the Aurora, Illinois plant of Forty
Eight Insulations, Inc. The survey was performed over the period of June
1-3, 1977 by Douglas P, Fowler, Benjamin O. Alli, Bryan C. Lovegren, and
Lea W. Sandman of SRI.

The plant and corporate management participating in the survey were:
Mr. D.E. Maxam, Vice-President, Finance and Administration; Mr. E.L. Xells,

‘Research Engineer; Mr. R. Hastings, Quality Control and Safety Manager;

Mr. R. Parkison, Plants Manager; Ms. S. Sanchez, Personnel and Communica-
tions Administrator; and Mr. D. Schaidler, Director of Sales Services.

Mr. Robert W. Wheeler, NIOSH Alternate Project Officer, was present for a
portion of one day of the survey, as an observer. Mr. Alfonso Aguilar,
Shop Steward for Local 916, Carpenters and Joipters Union, was contacted
during the survey. .

Alr samples were taken to evaluate worker exposures to airborme par-

ticulate material, including airborne mineral wool fibers, total particulate

material, and respirable particulate material. Bulk material samples were
also taken. *

This report includes a description of the facility,Aand its medical,

industrial hygiene, and safety programs; survey methods and results, and

conclusions and recommendations for improvement.



DESCRIPTION OF THE FACILITY

The building in which the plant is housed dates in part from the
1880's, when a silver and gold smelter occupied cthis site; Some of the
original walls can still be seen. In the 1920's, a mineral wool produc~
tion operation was started on the site, using the slag from the smelter
as raw material. In approximately 1950, major equipment purchases were

made; and in 1973, the warehouse and fabrication buildings were added.

The last three years have seen major improvements in the occupational and
snvironmental health engineering measures in the plant. These include:

a waste recycling and "admix" system which was begun in August 1975 and is
scheduled for completion in September, 1977; local exhaust ventilation on

the fabrication equipment, begun March 1976 and completed February, 1977;

and a dust collection system for cutting and shifting saws which is scheduled
for completion in October, 1877.

There are approximately 100 employees at the plant; 30 of these are
administrative, clerical and sales workers with little contact with the
product, and 70 are hourly employees in the production, fabrication, ware-
house, maintenance, or cther sections who may have direct contact with the
mineral wool, either continuously or intermittently during the day. All
production and fabrication workers are organized under Local 916 of the

" Carpenters and Jointers Union.

The products currently produced at the facility are specialized insu-
lation products ordinarily used in insulation of relatively high temperature
vessels and pipes. During the survey, only "blankets” used for (usually)
boiler insulation were being produced, but the plant also supplies half-
round pipe insulation material for (for instance) steam line insulation.
Production was being maintained on a three production shift, one fabrica-

tion shift basis, five days per week.
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Medical, Industrial Hygiene and Safety Program

The medical program in the plant is administered by the plant per-
sonnel department. Medical examinations are carried out at the Dreyer
Medical Clinic, 1870 W. Galéna, West Aurora (AC 312-859-6824). Pre-
employmentrexaminations are given to all potential hourly employees.
Routine annual physical examinations are given to all salaried (exempt)
personnel, including the foremen (Shift Managers). Annual audiometric
examinations are given to the Shift Managers, Assistant Shift Managers,
Chargers,'Cupola Operators, and maintenance workers.

Noise surveys are carried out occasionally by company personnel. The

company is a susidiary of Foster Wheeler Corporation, and technical assis-
tance will be available to Forty-Eight when an industrial hygienist is
added to the Foster Wheeler Corvoration staff. Material Safetv Data sheets
are required of vendors of supplies and equipment. and recommended pre-
cautions are implemented by plant supervisory vpersonnel. Some sampling

for environmental emissions had heen done in the past.

Medical reccrds are not retained at the company, except as they are
available from the Dreyer Clinic. Information on reﬁired or disabled
workers is not generally available, as the pension plan is on an annuity
basis, with the anﬁuity purchased from "an insurance company”. This has
led to a loss of formal contact with retired employees, although many re-~
tirees continue to live in the area, and informal contacts are maintained.
There is no unicn pensiom plan.

The use of personal protective equipment is limited, although approved
disposable respirators are available for those workers who desire them. Safety
helmets are not mandatory, except for the cupola operatofs, who also routinely
use faceshields, and are required to wear earmuffs. Disposable earplugs are

available for all employees, and are required in some areas. Safety glasses

are mandatory in all areas.



Present Production and Fabrication Operations

The products currently produced at this plant include mineral wool
blankets and higher density boards, which may or may not be faced with
"chicken wire" mesh; and pipe covering materials. The former materials
are typically between one and three inches thick, four feet or eight
feet long, and two feet wide. The range of densities at the time of the
survey was between six pounds and ten pounds per cubic foot (bulk den-
sities). Fabrication of the latter materials was not observed.

Figure 1 is a sketch of the plant layout, adapted from one supplied
by plant personnel. Formerly, two complete lines were in operation, but
at the time of the survey, only one cupola and production line was in
operation. The materials used in the process include:

® "White Slag" ~ steel mill (BOF) slag

® Metallurgical (foundry) coke

. Mulrex® 90 lubricating, dust suppression and binding oil

@
Phenol-formaldehyde resin, mixed on-site with Reax by plant

personnel, or urea resin.

® Dolomite rock

The fiber production process begins with introduction of the coke,slag
and dolomite into the cupola. These materials are stockpiled outside the
main plant building, and a working stock is kept iﬁ the storage area at the
north end of the building. The weighed charge of the materials is batch
loaded into the cupola by a conveyor. The cupola temperature is maintained
at above 3000°F. The molten material flows down onto a spinning
dish rotor, from which it is flung by centrifugal action., The fibers are

further attenuated by an annular stream of air around the periphery of



the dish (see Figure 2). The Mulrex® 0il is added (by atomization) as is
the phenol formaldehyde binder. The fiber is pulled down onto a travellng
wire mesh belt by downdraft air in the "wool room". The granulated waste
fiber reclaimed from succeeding process steps is also added at this time.
The blanket of fibers on the belt is varied in thickness, for production
of different density materials, by varying the speed of the belt. The
blanket is carried to the curing oven (500O F) for curing of the binder.
The blanket is then cooled, again by downdraft air, is edge-trimmed,

slit longitudinally to the desired width, and cut into the desired lengthé
by a guillotine. The finished pieces are taken from the end of the line
by the take-off crew, and either sent on to the fabrication shop for fur-
ther treatment, or are packed into containers for delivery to customers.

The packaging method most commonly used during the survey waé "shrink
wrapping''with polyethylene wrap. This was done immediately following the
take off, and the shrink-wrapped packages were usually lcaded directly into
railroad cars for shipment. The warehouse space available for storage is
limited, and Forty Eight usually makes custom order materials, so that
storage of large quantities of finished products is uncommon.

The separate fabrication operation consisted, at the time of our survey,
of application of wire mesh facing to both sides of the blankets, which
were either four or eight feet lomg. This was accomplishéd by a crew of
(approximately) 12 workers gn the fabrication shop, working at two long
tables. The blanket was paced on the table, a piece of wire mesh the
size of the\blanket laid on top of it; wires with a hooked end pusﬁed through,
thus retaining the first piece of mesh; the blanket was then turned over,
another piece of mesh applied, and the ends of the hookea wires "crimped"
to hold the second piece of mesh. These blankets are commonly used for

boiler insulation.



Another fabrication operation used at this plant, although not ob-
served by the survey team, is shown schematically in Figure 3. Pipe
covering is made by this operation, in the "slotter"” shown on Figure 2
next to the take off end of the production line. The process produces
a block of high density mineral wool fiber, with slots running longitu-
dinally, and with beveled edges, such that it can be "wrapped" around
half of a pipe, providing thermal insulation. The thickness of the
block used is dictated by the thermal insulation resistance desired, and
the diameter of the pipe dictates the width of the block. The depth
and number of cuts made is dictated by the inside and outside diameter
as is the angle of the bevel cut into the sides of the block. The equip-
ment on which this product is fabricated is a "one-of-a kind'" machine
designed and built by Forty Eight. Very small diameter pipe insulation
(e.g. two inch 0,D. pipe) can be made by cutting
blocks with a half-annular ring cutter that forms half round pipe-covering

sections from rectangular blocks, without the slots.

Past Operations

Past operations included the current range of products now being manu-
factured at this facility. In addition, some blowing and pouring wool was
manufactured as were batts for residential and commercial insulation. A pro-
cess of potential health significance was the production of insulating block
and cements containing asbestos, in the years from 1923, when the company
was started, to 1968 and 1970 (respectively) when asbestos was eliminated from
the formulations of these products. The name of the company derives from the
fact that one bag of their cement product would cover forty-eight square feet
to a depth of one inch. There are current lawsuits in process against the
company alleging health damage to installers of these products. No claims or

employees.



It is not known how many of the current employees were exposed to this
material, nor what the extent of the exposures to those employees involved
with its production were, nor what the asbestos content of the material was.
Statements by management and hourly personnel indicated that, until
the beginning of 1977, operations in this plant were under less control
than at present. Smoke from the curing ovens was a substantial problem,
leading to poor visibility within the plant. The "slotter" and band and
circular saws within the fabrication department were also poorly controlled,

with substantial emissions of waste fiber into the workroom air.

Job Descriptions and Personnel

Many of the employees in this plant are Spanish-speaking. The
rate of turnover in personnel depends very much on the general economic
climate; in 1976 there was virtually no turnover. Several employees
have retired after thirty or forty years with the company. The manage-
ment staff is relatively new; the technical engineering staff is like-
wise relatively new to this plant.

Senior hourly and salaried productien personnel‘are titled according
to their function, but most of the hourly persomnel are called "crew
persons” and may work in either the production, fabrication, yard,
or warehouse operations, depending on need. In general, the hourly per-
sonnel are assigned to a fairly permanent crew, buﬁ may be pulled from
that crew if need arises. The usual pattern of staffing for the day
shift is:

® Production Line - 15 workers

1 Shift Manager
1 Asst, Shift Manager

1 Cupola Operator



1 Charger
1 Warehouse loader
2 Asst. Loaders
5 Take-off Workers
1 Shift Maintenance Worker
1 Carton Worker
1 Stenciler
® Fabrication Shop - 12 workers
1 Asst. Foreman
11 Crewpersons
® Maintenance Shop - 8 workers
1 Maintenance Foreman
7 Maintenance Mechanics
® Yard Crew - 5 workers
1 Equipment Operator
4 Crewpersons
® Receiving Clerk - 1 worker
® Laboratory - 1 worker
The crews on the night and evening shifts consist of only the 15 pro-
duction workers, except under unusual circumstances, when a press of orders
may cause the fabrication crew to be called in.

Shift Manager

The shift manager is responsible for the production and fabrication
operations on his shift, and for the smooth flow of materials through the
process. Most of his time is spent around the production line, and par-
ticularly at the take-off station, checking the quality of the blankets and
blocks as they come off the line. Some of his time is spent in the office
(foreman's office on Figure 2) doing paperwork. ﬁe also does some quality
control analysis, taking samples of material from the line and performing

8



ignition loss tests on a hot plate in the production area. When nece-
ssary, he may relieve other workers for breaks or lunch. He was obéerved
to work as a take-off persomn, and as a cupcla operator on different shifts.
He 1s also called the foreman.

Assistant Shift Manager (Assistant foreman; leadman)

The assistant foreman assists the foreman, and mainly works around
the production line. He frequently goes to the foreman'’s office to check
the production schedule. He is the individual most likely to make the
first attempt to correct any malfunction in the production equipment.

"poly wrap' machine. His exposure

He supervises the operation of the
to the fiber is relatively more intense than the foreman, because of his
frequent adjustments of the equipment.

Charger

The charger is responsible for the correct loading of the slag
and coke into the cupola. He spends much of his time on the ground
floor, weighing and measuring the amounts of raw materials; some fraction
of that time is spent in a small room constructed to reduce his noise expo-
sure. Significant fractions of his time are spent on the "balcony” at
the top of the cupola, observing the charging operation. He is exposed
mainly to the dust from the slag and coke, although some fiber may be

carried up to the balcony from the wool room.

Cupola Operator

The cupcla operator works at the bottom of the cupola, supervising
the flow of molten slag from the cupola onto the rotor for fiberizationm.
He removes cooled pieces of slag that may impede the flow, using a long

iron rod. Much of his time is spent away from the immediate area of



the cupola spinner, but near to it, so that he may monitor the flow as
needed. Some time spent in the noise-reduction enclosure near the cupcla.

Shift Maintanance Worker

",

This worker tends to be a "jack-of-all-trades”; he is the individual
most likely to make adjustments and minor repairs to the production equip-
ment if the shift manager or assistant sﬁift manager are unable to
satisfactorily repair it. He may spend much of his time around the pro-
duction process, or virtually none. His activities when not working on
the production machinery are those of a general mechanical craft nature;
he may weld, do electrical repairs, repair other mechanical equipment,
or light carpentry.

Maintenance Workers

These workers do work of a general mechanical craft nature. They
performed the following tasks during the survey: electrical repairs,
welding, metal cutting (with oxy/acetylene torch), operating lathes,
repairing railroad tracks (replacing ties and fill), and general house-
keeping in the maintenance office and shop. The foreman spent most of
his time in the office, making the duty schedule and ordering parts and
other duties of a supervisory nature.

Equipment operator (CAT operator) - Yard crew

This worker spends much of his time operating a Payloader, moving
r#w materials from the stockpiles outside the plant into the storage area
in the north end of the plant, from where they are loaded by the charger
into the cupola.

Warehouse loaders

The warehouse crew spent nearly all of their time moving stored
packaged product from the warehouse into railcars, using a forklift and

hand trucks., Some time spent moving received material from the receiving
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room into the production or warehouse areas.

Receiving Clerk

Spends much of her time in the receiving room, logging in and
storing materials. During the period of sampling on this person, she
mixed the phenol formaldehyde resin in the area near the charger, taking
about one hour for this task. Much time spent walking around the plant,
and in the office, obtaining approvals for orders.

Laboratory Technician

This individual spends nearly all of his time in the laboratory, and
rarely goes into the production area. He performs more extensive tests on
the product than the ignition loss test performed by the Shift Manager,
including sieving for determination of shot content.

Assistant Foreman: Fabrication

This mainly a supervisory position, but the assistant foreman may
perform duties similar to those described below for the fabrication crew-
people.

Crewperson: Fabrication

Works on a table about 4 feet high, 8 feet long and 2 feet wide,
performing the wiring of the blankets described earlier, and themn packing
the mesh-covered blankets into cartomns for shipmeﬁt. Duties also include
moving.skids of blankets from the production area to the fabrication area,
stencilling cartons, stapling cartouns, cutting wiremesh to proper size, and
cutting the wire hooks used to hold the wire mesh oanto the blankets.

- Crewperson:Production

The main duties of the production crewpeople are as take-off operators;
removing the blankets from the end of the production line and stacking
them on skids or packaging them for shipment. However, this is a general

labor category, and those listed as crew-persons may work in the fabri-
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cation shop; they may be assigned to cleanup; they may be assigned to work
outside the plant, helping the yard crew., Similarly, the fabrication crew
may assist with the production tasks, or in the warehouse, or in loading
railcars or trucks.

Inspection of the Plant

The following possible inhalation exposures were noted during the
initial survey of the plant:

® Mineral wool fibers

® phenol-formaldehyde resin, near the curing oven

® Dust from slag and coke in the charging area

#® Smoke near the curing oven

® Combustion gases near the cupola

Physical Agents and General Safety Hazards

This portion of a complete industrial hygiene survey was not done.
Company management personnel state that an agreement had been reached be-
tween Forty-Eight and NIOSH, to limit the survey to the taking of air-
borne dust samples only. The full text of the limitations imposed by

Forty-Eight's interpretation of that agreement is given in Appendix A.
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Housekeeping

The housekeeping in the plant was generally quite good, in large
part due to the waste wool disposal system discussed below, under engin-
eering controls. The older portions of the plant, around the cupola,
were less well kept than the newer portions; some of the floors in that
older portion dated from the 1880's, and they showed the effect of their
age. It was difficult for the personnel assigned to cleanup to remove
all waste material from the cracked, uneven, and otherwise Imperfect
floors. Personnel assigned to each shift cleaned up as necessary at the
end of the shift, and during the shift when needed.

Sanitary facilities were adequate and clean; hot and cold running
water and adequate toilet facilities were provided. The lunchroom was
somewhat less clean than is desirable, but it was generally adequate.

Engineering Controls

The plant is in the midst of a continuing effort to upgrade and
replace existing controls. The management staff is heavily technically
oriented, with extensive experience in the industry, and appear to be
technically competent individuals, with a real committment to improve-
ment of the facility. Emission controls, for compliance with EPA and
state agency regulations on emissions to air are being installed on the
curing oven, and have been installed on the cupolas. These controls,
ﬂecause of the need to control fugitive emissions, and blow-by streams,
have aided in the control of contaminant levels in the workplace, as well.

One unique arrangement {unique for the mineral wool industry) was

the waste dispesal and recycling system installed in the production and
fabrication areas. The system (considered to he proprietarv bv Forty-

Eight) returns waste material to the process stream, with substantial

13



cost savings, as well as substantial apparent benefit to the cleanliness
of the plant. Although the system cannot be described because of Forty-
Eight's proprietary interests, similar systems should be developed by
other mineral wool manufacturers, where possible, as adjuncts to house-
keeping programs, It is probable that the system was one of the major
factors in the relatively low levels of airborne fibers seen in the plant.

The table saws used in the preparation of materizl for quality con-
trol testing, and in the sawing of blocks for fabrication into pipe
covering, have newly installed local exhaust ventilation systems. Their
effectiveness was not evaluated, but the configuration of the shrouds
around the saw blades, and the size of the duct work, appears to be suitable
for their intended purpose.

SURVEY PROCEDURES

As stated above, a complete evaluation of the working environment
at this plant was not undertaken, in order to facilitate the evaluation
of exposures to mineral wool fibers. The complete statement of the
limitations imposed on the survey team is given as Appendix A to this
report. Within the scope of those limitations, the management of the
plant were cooperative, and offered much valuable assistance in the com-—
pletion of the survey.

Air samples were taken to evaluate worker exposure to airbtorne mineral
fibers, total airborne particulate material, respirable particulate
material, and trace metals (Cd, Cr, Co, Ni, Mn, Pb, and Zn). Bulk samples
of the finished products and intermediate products were also collected
for the determination of fiber size and trace metal concentrations. Wo
ventilation measurements were made, nor were any other environmental

measurements made,

1g



Survey Egquipment

e Bendix BDX-44, portable battery-powered air sampling pumps.
-® Bendix 10mm (Dorr-Oliver type) nylon cyclone preselectors.

® Millipore type AA (0.8 ym mean pore size) 37mm diameter
mixed cellulose ester membrane filters.

® Gelman type VM-1 polyvinyl chloride membrane filters.

e MSA Model G, portable battery-powered air sampling‘pumps.

Calibration A

The rotameters on each pump were calibrated in MeulolPark before
the s;rvey by use of a "bubble-meter" (timing passage of a soap bubble
through a 500 ml burette). The calibration was'performed with a
Millipore AA filter in line, and with a tube of the same length (-30")
and inside diameter (~“1/4") as that used for field sampling. No
differences in rotameter calibration were found when a PVC (VM-1) filter
(with significantly lower flow resistance) was placed in line in place
of the Millipore AA filter. This calibrativn was repeated at the survey
site, to check for changes que to sﬁipping Jdamage. The rotameter scéles
were marked at 1.7 and 2.0 liters per minute,

The calibration of eaeh pump rotameter was assﬁmed to be accurate
until erratic pump behavior (e.g., "jumping" float, marked decrease
or increase in indicated flow, etc.) indicated the need for repair or
maintenance. The calibration was repeated after each such event, and
the rotameter scale re-marked to indicate any change in calibration.
Use of calibratioh'charts has nof been effective with the Bendix pumps,
because breakdowns are relatively frequent, with consequent frequent changes

in calibrations.
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Air Sampling

The major goal of the air sampling effort was to take personal air
samples in the breathing zomes of workers sufficient to characterize each
worker's peak and time-weighted average exposure (TWA) to mineral wool
fibers and total suspended particulate material (TSP). Respirable particulate
material samples were taken in the breathing zones of approximately 10%

of the workers.

Filters used were 37mm diameter Millipore Type AA (0:8 K@M mean pore
size, mixed cellulose ester) for fiber counting, and 37mm Gelman VM-1
(5.0 ym mean pore size, PVC) for total and respirable particulate matter
. sampling. Preparation of the filters and holders is discussed umder
analytical procedures, below. Two pumps were used'on each worker; one
for fiber counting and one for total particulate material; or for total
and respirable particulate material; A Bendix cyclone (10mm Dorr-Oliver
nylon type) was used as a pre—;ele;tor before the filter for the respirable
samples.

The calibrated charged pumps were run for 15-20 minutes (without a
filter in place) after the battery'charger was discoﬁnected to stabilize
flow rates before setting the desired flow rates. The desired filter
uﬁits (Millipore or Gelman in 3-piece Millipore filtér holders, or Gelman
in 2-piece holder inserted in the cyclone assembly) were attached to the
pumbs, and the desired imitial flow rate (1.7 litér; per ﬁinute for respirable;
2.0 liters per minute for all others) was set, using the pump rotameter
scale, The filter was then re-capped, and the pump/filter unit was taken
inte the production area.

- The pair of air sampling filters were clipped to the collar of the
worker's shirt or jacket, one on each side, as close as possible to his or
her breathing zone, without interfering with work or comfort. ‘The pair

16



of puﬁps was clipped to the worker's belf and the pumps started
after removing the small end plug of the TSP filters, and the cover
section of the fiber-counting filters. The flow rate was rechecked,
and the relevant data (worker, area, place, job, date, time, flow rates,
sample numbers) for the pair of samples was recorded on an air sample
record sheet. |

The flow rateé were checked at intervals throughout the
sampling périod as were the appearances of the filters. The total
;ampling pericd: for each worker was 100 to 300 minutes,

" The samples being taken were monitored at intervals throughout
the sampling period, and air flow rates were édjusted back to the
nominal values when necessary. The time of each such adjustment was
recorded on the Air Sample Record Sheet as were the "old" and
"new" (adjusted) flow rates. At the end of the sampling period, the
filters were recapped and stored for transmission to the laberatory.
Fiber counting filters were changea as they became visibly colored;

the usual length of time for this to occur was 2-3 hours.
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ANALYTICAL PROCEDURES

Filter Handling

Each Gelman PVC filter was weighed (+ 0.0l mg) on a Mectler M-5
balance and then placed into 2 Millipore filter holder. A cellulose band
was shrunk onto the holder, and a unique number was thén.recorded on the
holder, and in a laboratory record book, with the.initial weight of the -
filter. The numbered filter holder was then stored until field use.

The»Hillipore filters in holaers (for fiber counting) were used as
received from Millipore except for the addition of a cellulose band as
gbové. One filter from each box of 50 was held as a blank, and exaﬁiﬁéa
for contamination, using the optical microscoﬁic technique described below.
Upon return of the filters to the laboratory, the Gelman PVC filters were
reweighed Qt 0.01 mg) on the same balance as qsed for the initial weigh-
ings. This was the sole analysis applied to the respirable particulate
‘samples. The total suspended particulate samples wére taken for atomic
absorption analysis following weighing, and the Millipore filter samples

were taken for microscopic examination, without weighing.

Atomic Absorption

" The samples on Gelman PVC filters were placed in Teflon beakers. to
which 5 ml of HF was added. The beakers were heated to 110°C on a hot

plate and intermittently swirled to insure complete reaction. The samples
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were taken to dryness, an additional 5 ml of;HF added, and taken to dry-
ness again., Five milliliters of nitric acid was added and the solution
evaporated over a 20 minute period. The residue was dissolved in 3 ml of
wvarm HNO3 an#l:ransferred to a graduated centrifuge tube. The filters
remaining in the beakers were rinsed with successive portions of distilled
water and tﬁese rinses were added to the centrifuge tube. The total
volume was then brought to 7.0 ml. Blanks consisted of an unused filter
treated in.the same manner as above.

The solutions of solubilized mineral wool and the blank samples were
analyzed for zinc, lead, manganese, chromium, cobalt, nickel, and cadmium
. by atomic absorption spectrometry. See Table 1 for operating parameters.
From calibration standards for each of the seven aetals, caiibration curves
éere constructed. Absorbance meagu;ements corrected for non-atomic
absorption and the blank value were then compared to the appropriate cali-
bration curve to obtain the metal.concentfatign in the sample. |

Experimeats were carried out to establish the validity of the HF-
HN03 digestion procedure. A filter and a given amount of a previously-
analyzed bulk sample, Premium Brand rock wcol, was spiked with 50 ug-of
egch of the metals of interest. The samﬁlus were digested as descfibed
above and absorbances of the seven metals determinea. The micrograms of
eadh metal found were corrécted for background and coﬁpared to the amount
spiked. The result is a percent recovery factor fgr each metal (Table 2)
which was applied to the concentration results for each of the personal

samples.

19



Fiber Counting and Sizing by Optical Microscopy

The general procedures used for mounting the personal filters and
for counting and sizing the fibers are described in detail in the NIOSH

manual, Sampling and Evaluation of Airborne Asbestos Dust.* The samples

were mounted in a dust-free hood. Immediately after the cover slip was
put in place, it was tapped lightly with tweezers. Any air that remained
entrapped was eliminated by pushing on the cover slip ﬁith a pencil eraser.

For counting and sizing a Leitz Ortholux II Pol-BK microscope‘with
40X, 0.65 NA phase objextive, a 10X Periplan GF eyepiece, and Kohler illu-
mination was used. A standard Porton reticle (100L = 64 um) was placed at
. the focal point of the eyepiece and used as the counting field area (4.096
x lO"Bmm?). Adjustments for Kohler illumination, al;gnment of phase con-
trastArings, and the quantitative ;alibration'of the system were checked
periodically. All particles having an aspect ratio of 3:1 or greatér were
counted. The diameter and length of each sucB fiber was measured and 3
recorded on 2 tally sheet, similar to Figure 3,

The initial accumulation of data was made on a 10-key adding machine,
using a three digit code for diaméter, length and presence or absence of
“typical” mineral wool morphology. This m2thod rermitted substantial
;avings of microscopist time, and the utilization of‘research assistants
fof'transcripcion of the déta. In addition, the microscopists were able

to avoid constant refocusing and reaccomodation of -their eyes during the

counting process, with reduction of "eye-strain" problems.

*This manual, used in Course #582, can be obtained from NIOSH, Division of
Training and Manpower Development, 4647 Columbia Parkway, Cincinnati,
Ohio 45226.
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scanning Electron Microscope (SEM) Counting and Sizing

" A section of the Millipore filter was-dissolved in a 1:1 mikture éf
MEK (methyl ethyl ketone) and methanol. The‘amount of.the Millipore filter
taken for amalysis was'determined by "xeroxing" the filter before and after
removal of ﬁhe section, carefully éutting out the xerox images and wéighing
them (+ 0.01 mg). The MEK/methanol solutidn with suspended fibers was
filtered through an 0.8 um (25 mm diameter) Nuclepore filter using aspira-
tion and mixed 3X with filtered water. The Nuclepore fiiter was not per-
nitted to run dry between rinses and the rinses were added so ﬁhat the
walls of the fiiter holder were rinsed also. A section of the Nuclepore
filter was then cut out and mcunted on an aluminum SEM stage with silver
paint. |

Before use all solvents were.filtered'through an 0.4 ym Nuclepore A
filéer. These treated solvents were used to rinse all glassware, and care
was~taken to prevent dust contamination during filtration.

A drop of dilute suspensidn of 0.011 ym (+ J3.005 um) polystyrene latex
spheres (Duke Scientific Corp.) was added to one cormer of the Nuclepore
filter and allowed to air dry.

The Nuclepore filter section was then shadowed w.ith gold/palladium
.(2003) and examined at Z,dOOX and 10,000X in the SE& (Cambridge Mark II)
at 300KV and>a tilt angle of 100.' The polystyrene latex spheres were also
examined at 2,000X and 10,000X and the images reéqr&ed on Qideo tape as an
internal size standard for each filter,

A nominal 100 fields (97-103) were next examined in a random stepwise
crthogonal scanning pattern at 2,000X and the field images reccrdedron the

game video tape,
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The video tape images were independently gxamined on a video monitor
by the same microscopist who performed the majority of the optical analyses.
Particulate images with an aspect ratio of greater than 3:1 were measured
directly (+ 1 mm) and recorded, following measurement of the polystyrene
latex sphere iﬁages. The monitor image was distorted (vertical suppres-
sion), so several iﬁdependent vertical and horizontal measurements of the
spheres were taken. A typical vertical measurement was 3.5mm/um; a typical
horizontal measurement was 4.4mm/um.

To maximize the area examined, the total screen area was used as the
counting field; this was 26.8 cm by 20.7 cm. The actual filter area

covered was thus:

2

26.8 em x 222 ; 20.7 cm x =20 - 3502.3 m

i i
Usiné the total screen area presented one potentially serious ﬁfoblem;
determining the length of those fibefs that protruded into the counting
area but whose entire length could not be seen. It was assumed that the
length of such a fiber was 1.5 times its visible length; based upon examin-
ation of those fibers that were scgnned thle moving from one field to the

next.

Bulk Sample Aﬁaivsis

.The bulk samples were split into three portions, for atomic absorption,

x-ray fluorescence, and SEM microprobe analyses.

Atomic Absorption

0.1 g of the bulk material was ball-milled in a plastié container
using'fired ceramic balls, until a homogeneous powder was formed. Diges-

tion and instrumental analysis of the milled powder followed the procedures
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given above for the analysis of the total suspended particulate air samples

on PVC filters.

X~Ray Fluorescence Analysis

Bulk samples were ball-milled overnight in a plastic container using
firea ceramic balls. The finely-ground powder was sieved through a 200~
mesh nylon net, and dusted on mylar adhesive tape. Thé_tape {of knowm
sﬁrface area) was weighed before and after the sample’wag placed upon it;
The deposit, which was visually uniform, was typiéally 1 mg/cm2 QﬁISOZ).
The tape was then placed in the x-ray s§ectrometer, and irradiated with a
G.E. Tungsten Target tube with a molybdenum filter at 40 KV and 30 mA.
| The secondary x-rays were detected with a Kevex.Lithiumrdfifted silicon
datector, and accumulated (for. 10 minutes) in a Nﬁclear Data Multichannel

' Analyzer.

Scanning Electron Microscope Microprobe Analysis

A small (0.1 g) representatiﬁe sample of the bulk material was placed
in a test tube with “50 ml distilled water. Tha test tube was placed in a
"sonicator" for 10 miAutes, until the solid material was evenly dispersed.
The water dispersion was filtered (with aspiration) through an 0.4 um pore
size Nuclepore filter. The filter was air-dried in é dust free hood, and
a section was cut out and attached to an aluminum SEM specimen stage with
silvér paint.

Analysis was by the EDAX 505 energy—dispersive‘x-ray probe attached
.to the Cambridge Mark II scanning electron microscope at 30 KV. An initial
SEM scan of the sample was made, and "typical" representatives of the
following particle classes were selected:

¢ Small fibers ("1 um diameter)

® Medium fibers (T4-5 um diameter)
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® Large fibers (">10 um diameter) .
® Shot (mearly spherical particles formed during slag fiberization)
® Variable particles (angular particles typical of the general back-

ground particulate contamination in the sample).

CALCULATION AND REPORTING OF RESULTS

Alr Sampling Volumetric Flows

Total flows for each of the air samples were- calculated f&om the Air
Sample Record Shéets. The sample starting time and starting flows, and-
intermediate and ending flow/time points were used as kﬁown points, and it
was assumed that flow rates deéreased (or increased) linearly from peint
to point; The average of the ﬁlow rates at each CQnsecﬁt;ve point was
‘taken as a point estimate of the fiow over the interval of time between
these two points. As an.example, one might take a hypothetical sample,
that was started at 0800 at 2.0 liters per minute (lpm) was ghecked at
1000 (and found to be still sampling at 2.0 1lpm}; had decreased to 1.9
Jpm by 1200 (and wa§vreadjusted to 2.0 lpm); and fell to 1.8 lpm by

1400, at which time the sampling period ended.

: Intermediate Cunulative
Assumed Sampling Volume Sampling
Flow (lpm) Average Since Last Point Volume
Time 0l1d New Flow (liters) (liters)
0800 2.0 ¢] ) .0
1000 2.0 2.0 2.0 240 T 240
1200 1.9 2.0 1.95° © 234 ' 474
1400 1.8 1.9 228 ' 702

Thus, the total volume sampled (for this hypothetical case) was 702 liters

(0.702 m3).
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Gravimetric Samples

For the total suspended particulate material, and for the respirable
particulate material air sample, the change in weight of the filter (mg)
was divided by the total air flow through the filter im cubic meters (m3).

to give a gravimetric value (mg/m3) for that sample.

Elemental Concentrations

For the seven trace elements considered im this survey, the total
quantity (ug) of the specific elements in each sample was divided b& the
total air flow (m3)‘:o yield a value in ug/m3 for each element/sample

point (seven per sample).

Fiber Counts by Optical Microscopy

The number of fibers counted for each sample, and the mumber of
nicroscopic fields in which those fibers were counted, were used (with the
sample air volume) to calculate the concentration of fibers per milliliter
of air (per cubic centimeter of air).

The basic formula for this determination is:

Fiber (£/cc) = Fibers x R

- Concentration Fields x Voluvme
where:

Fibers = total number of fibers counted

Fields = total numbers of fields counted (100 if fibers < 100)

R _ Effective filter area _ 855'mm2‘ 5

Area of counting field 4.096 x 10—3 mm2 = 2.09 x 10

Volume = (liters) x 103 = total sample air volume (ml) = cc



FPiber Counts by Scanning Electron Microscopy

The fiber count in fibers/cc is equai'to:

fibers/cc = Fielzib:rjoiuie x F

where:
Fibers = total number of fibers counted
Fields = total number of SEM fields

Volume = air sample volume (mi)

R "; Effective Nuclepore filter area

Area of counting field
2 2 .
-A8 mom_. .2 .38.7x10"
2.3 x 10 7 mm 2.3 x 10 B
P = Fraction of Millipore filter taken fdr analysis =0.2

Geometric Mean and Standard Deviations of Fiber Size

The basic method was that of Meréer (Aerosol Technolozy in Hazard

Evaluation), New York, Academic Press, 1973, p. 96} in which:
Geometric Mean {Mg) =

(k
I 1ogoPs
antiloglo ”

Z 10
Ai=1

i -

Geometric Standard Deviation'(cg) =

k . 2
§=lni (log10 Di - loglOMg)

k .
I n,=1
i=1 i.

Mo

antiloglo
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wvhere:

n, = the number of particles in the itﬁ class interval

i

D, = an average size for that interval.

i
k = pumber of class intervals.

D, was taken to be the antiloglo of the midpoint of the logarithms of

i

the extremes of each Porton size category (interval).

Linear Regression

Linear regression calculations were performed in the program ST1-08
for the Texas Instruments SR-52 programmable calculator. This progr;m
was modified to calculate regression of the logarithms of the independent

and dependent variables.

Confidencé Intervals

The method of Lord, based upon range, was used as outlined by Snedecor

and Cochran. [Statistical Methods (6th Ed.) Ames, Iowa; The Iéwa State
University Press, 1957; p. 121,] |
| It was assumed that the distributions were log—normal. The efficiency
of this procedure (relative to int;rval estimates b;sed upon t) is above
95%Z for samples up to n = 20. |

The confidence iﬁterval is calculated by the formula:

X-tW<p<X+tW
w - - w

where:
X = the mean of the logarithms of the measurements in the sample

W = the range of the logarithms
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p = the true mean of the logarithms of the population of samples
from which the sample is drawm
tw = a value equivalent to Student's t, based upon the acceptable con-—

fidence limits (95%Z in this case), and upon the sample size.

Time-Weighted Averages (TWA)

"Time weighted averages" were calculated as "flow-weighted averages",
because the variability in flow rates of the Bendix pumps was sufficient
to make control over this varilable more important than control over the

total time of sampling. The averages were calculated by the usual

formula:
n
izYXifi -
WA = 3t
i
where Xi = tke concentration (ug/m3; f/ce) found for the ith sample
fi = the total volumetric air flow (liters) for the ith sample

n the total number of air samples.
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SURVEY RESULTS

The results of the bulk sample analyses are given in Appendix B,
and the results of the air sample analyses are given i1n Tables 3 and 4,
and in Figures 4-12. The survey results may be briefly summarized:

L] Fiﬁer counts, by optical microscopy were very low; the range
was from less than 0.002 fibers per cubic centimeter of air (f/cc), to
0.643 f/ce.

® Total airborne particulate material concentrations and exposures
were somewhat higher; the highest single sample value was 4.972 milli-
grams per cubic meter of air (mg/m3) and the lowest was 0.105 mg/ms.

® Flectron microscopic examination of selected air samples showed
no statistically significant difference from the optical microscopic
examinations, either in fiber counts or in the sizes of fibers seen.

® Bulk sample analyses showed no significant differences between
the fibers and the shot in the material produced.

® Fiber exposures were not highly correlated with functional job
categories, although the chargers and the fabrication crew appeared to
have somewhat higher fiber exposures than other workers, and the take-
off workers appeared to have somewhat lower exposures, under some cir-
cumstances.

® The fiber diameters in the bulk material, and in the air samples,
‘were remarkably similar.

¢ Correlation between logarithms of fiber counts and total airborne
particulate material concentrations was fairly strong; knowledge of either
would permit fairly accurate (although not precise) prediction of the

other.
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DISCUSSION OF RESULTS

In Figure 4 we show the cumulative frequency distribution of
total airborne particulate material concentrations. The geometric mean
concentration is 0.74 mg/m3, for the 65 samples evaluated. This in-
dicates that 50% of the sample values were above, and 50% below, this
value, Approximately 60% of the samples were below 1 mg/m3. The same
sort of distribution is shown in Figure 5, for the fiber counts. The
108 samples taken and analyzed for fibers show a geometric mean of
0.13 f/cc.

Figure 6 is a display of the correlation obtained when 30 randomly-
selected pairs of total particulate material samples and fiber count
samples were compared. A linear regression line was drawn for the
logarithms of the respective sample results, and the correlation coef-
ficient obtained. The correlation is fairly strong; the probability is
less than 0.01 that a correlation coefficient as large as O.iﬁ could
be obtained from chance from samples with a true coefficient of zero.
The 95% confidence limits on the true population correlation coefficient
are shown; they are 0.54 and 0.88. This indicates fairly decent corre-~
spondence of the total and fiber concentrations in this plant. A more
complete analysis of the data would perhaps be worthwhile, using the
‘original data in Table 3, to determine if the prgdictability indicated
"here is supported by all the data. Total particulate measurement is
much easier and less expensive than is fiber counting, and control evalu-
ation may be just as effective using the former method of analysis,

if this indicated correspondence is true for the larger set of data.
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Figure 7 is a similar correlation for the total and respirable par-
ticulate material measurements. The correlation is again quite good,
and the correspondence indicates that the respirable concentrations of
particulate material may be predicted from the total, although with
fairly wide limits on the precision of prediction.

Table 4, and Figures 8, 9, 10 and 11 are displays of the compari-
sons made between scanning electron microscopic analytical results, and
the results of the optical microscopic analyses, of the air samples so
evaluated. The similarities of these results (given the fairly wide
limits of error implicit in examination of small numbers of fibers)
indicates that the optical analysis does not miss siggificant numbers
of fibers; the fibers in the air are mostly large enough to be visible
to the optical microscope, Support for this contention is gained by
analysis of the data in Table 4. "Student's" t-test was applied, and
the probability is greater than 0.60 that the differences seen could be
due solely to chance; it cannot be concluded that the sample means
are significantly different. Figure 11 is a display Qf the linear cor-
relation of the SEM and OM counts. The correlation is not significantly
different from zero. Correlation of the logarithms of the counts shows
a stronger correlation, as might be expected;

In Figure 12 are displayed the 95% confidence limits on mean fiber
.exposures for functional job categories. Although there is overlapping
of the confidence intervals for most categories, some differences are
apparent. The cupola chargers have higher mean exposure to airborne
fibers than do the take-off workers or the maintenance personnel. Like-

wise, the takeoff workers have lower mean fiber exposures than do the
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chargers or the fabrication workers, at least during this survey peried.

During this survey, no exposures to fibrous airborme particles above
the recommended NIOSH standard of 3 f/cc (fibers greater than 10 um in
;ength,and less than 3.5 um in diameter) were found. The additional op-
tional standard of Smg/m3 was not exceeded either. (These standards,
found in the NIOSH publication "Criteria for a Recommended Standard...
Occupational Exposure to Fibrous Glass" have been recommended for
guidance in limiting exposure to all man-made amorphous mineral fibers,
as well as fibrous glass.) Time-weighted average exposures, representing
all employees in a given functional job category, were generally less than
one tenth (1/10) of the fiber limit; and usually about ome fifth of the
gravimetric limit, with the exception of the chargers. It should be noted
that the gravimetric limit is based upon the assumption that chemical
analysis has been performed to determine the "glass™ content of the
total particulate material samples; this is not true for this survey.
Thus, the chargers' exposures may be (and probably are) to other particu-
late materials in the air, other than strictly "glass". Coke dust, and
general debris probably make up a large fraction of the chargers'
exposures.

Exposures to trace elements in the air were also low. As can be
seen in Table 3, the concentrations of cadmium, chromium, nickel, cobalt
‘and lead were all below detectable limits; they were less than 1-5 ug/m3.
Zinc and manganese levels, although apparent, were also quite low.

Based on conversations with plant personnel, it is probable that past
exposures were significantly hiéher than at present, and included exposure
to asbestos fibers. It would be expected that present exposures are dra-

matically lower than those in the past; perhaps as much as an order of mag-

nitude lower.
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RECOMMENDATIONS AND CONCLUSIONS

® No evidence of exposures to airborne contaminants above current
or recommended standards was found.

® The processes in the plant that were observed appear to be under
adequate control; theose not observed appear to have adequately designed
control equipment installed.

® The current program of upgrading the occupational and environ-
mental health engineering measures at this plant will probably reduce
exposures still further.

® The engineering staff at the plant are aware of the potential for
exposures from the several processes, and are taking measures to alleviate
them.

RECOMMENDATION 1: A full industrial hygiene and safety eungineering
survey should be performed, to evaluate the occupational enviromment more
fully than was possible in this survey.

RECOMMENDATION 2: The extent of exposure to asbestos in the past

should be determined, as should the past exposures to mineral wool fibers.
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TABLE 2

- CORRECTION FACTORS FROM

- METAL RECQVERY EXPERIMENTS

W 1.04

Co ) 0.93
N 0.998
Cp 0.97
P8 L1
Cr 1.03 -

NI - 0,949
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TADLL 4

FIBER COUNTS BY
SCANNING ELECTRON MICROSCOPY (SEM)
AND OPTICAL MICROSCOPY (OM)

AURORA

SAMPLE NO. | JOB CATEGORY FIBERS/CC

oM SEM
c731 Cupola Operator | 0.245 0.221
C716 Cupola Charger 0.312 0.1%6
C1006 Shift Manager 0.315 0.156
C725 Crew (Take-off) 0.096 0.069
C1013 Crew (Take-off) 0.067 0.041
€709 Crew (Fabr.) 0.325 | 0.565
C1049 Crew (Fabr.) 0.185 0.239
C654 Lead. (Warehouse) | 0.074 | 0.193
Cl048 Maintenance 0.157 0.172
C1008 Lab. Tech. 0.220 0.108
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FIGURE 2
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FORTY EIGHT INSULATIONS, INC.
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FIGURE 5
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FIGURE 6
LOG-LINEAR CORRELATION OF FIBER COUNTS WITH
TOTAL AIRBORNE PARTICULATE MATERIAL FOR 30
RANDOMLY-SELECTED SAMPLE PAIRS - AURORA
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FIGURE 8
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APPENDIX A

LIMITATIONS ON SURVEY SCOPE

The attached letter was handed to Douglas P. Fowler of SRI
International by David E. Maxam on the morning of June 1, 1977,
at the beginning of the survey. Mr. Ralph D. Zumwalde, NIOSH
Project Officer, rgave oral permission by telephone to proceed

with the survey, under the limitations stated.



FORTY-EIGHT INSULATIONS INC. oo AURORA. ILLINOIS

May 27, 1977

Mr. D. P. Fowler
Stanford Research Institute
Menlo Park, CA 94025

Dear Mr. Fowler:

This letter will outline the terms and conditions of FORTY-EIGHT INSULATIONS,
INC.'s admission of Stanford Research Institute (SRI) to its plant at North
Aurora, Illinois, in the National Institute for Occupational Safery and Health
(NIOSH) study.

1. The survey of FORTY-EIGHT INSULATIONS, INC,'s North Aurcra plant will be
limited to a survey of occupational exposure through airborne mineral wool
fibers,land no other purpose.

2. SRI will agree to conduct no other tests or investigations or collect data
. except for airborne mineral wool fibers.

3. SRI personmnel will agree at all times to comply with FORTY-EIGHT's safety
rules and regulations, including the wearing of safety equipment.

4. A schedule of times when SRI personnel will be in the plant is appended to
this letter, and will be arrived at by agreement. SRI agrees that it will have
no personnel in the FORTY~EIGHT plant except at the times shown in the schedule
attached.

5. FORTY-EIGHT, at its own expense, is furnishing an escort for each and every
SRI personnel. 8RI agrees to allow said escort to accompany the SRI personnel

at all times while in the FORTY-EIGHT plant. FORTY-EIGHT's escort will monitor
the actions of SRI personnel, but will not interfere therewith except for breach
of this agreement. In case of dispute between the escort and SRI personmnel, both
parties involved are to advise their superiors, and a meeting will be held prompt-
ly to adjust the dispute.

6. SRI agrees to remove SRI equipment from employee’s bodies whenever in the
judgment of FORTY-EIGHT such equipment would create a hazard to the safety of
the employee, or prevent the emplovee from doing his normal tasks. FORTY-EIGHT
will not invoke this provision unreasonably.

7. SRI agrees in advance of submission of its report to NIOSH or any other body

to whom said report must or could be submitted to submit drafts of that report,
as that report is written to FORTIY-EIGHT for its comments, and agrees to forward

1) Wherever used this term shall include total airborne particulate material.



Stanford Research Institute
May 27, 1977
Page 2

FORTY-EIGHT's commentszwith its report to the submittee or submittees, to the
extent that SRI is unwilling to alter its reports te conform to FORTY-EIGHT's
comments.

8. In additicn to the above paragraph, in the event that FORTY-EIGHT identifies
any part of the SRI report as disclosing a trade secret, SRI agrees to remove
all reference to said trade secret from its report.

9. SRI agrees to give and to discuss a copy of this agreement with each of its
site inspection personnel.

Very truly yours,
-FORTY-EIGHT INSULATIONS, INC.

k’lc;’d /.( /l ’éwm.

David E. Maxam
Vice President-Finance and
Administration

DEM:elf

2) To be submitted to SRI within fourteen (14) days of mailing by SRI to
FORTY-EIGHT INSULATIONS, INC.



DATE

6/1/77

6/2/77

6/3/77

PERSONNEL SCHEDULE FOR SRI/NIOSH STUDY

TIME
8:00 - 4:00
4:00 - 12:00

12:00 - 8:00

8:00 - 4:00

4:;00 - 12:00

12:00 - 8:00

8:00 - 4:00

DEPARTMENT

Fabrication

Production

Production

Fabrication and
Production

Production and
Shift Maintenance

Production and
Shift Maintenance

Production
Yard and
Maintenance

June 1, 1977 - June 3, 1977

SRL
PERSONNEL

B. Alld

B. Lovegren
L. Sandman
D. Fowler

B. Alli
B. Lovegren

D. Fowler
L. Sandman

B. Alli
B. Lovegren

D. Fowler
L. Sandman

B. Alli

(D. Fowler &

L. Sandman be-
ginning of shift)

B. Alli

D. Fowler

L. Sandman
Possible 4th

48
PERSONNEL

R. Hastings
D. Maxam
E. Kells

R, Hastings
R. Parkison

S. Sanchez
D. Maxan

E. Kells
A, Schaidler

R. Hastings
R. Parkison

S. Sanchez
D. Maxam

E. Kells
D. Maxam
R. Hastings



APPENDIX B
BULK SAMPLE ANALYSES
Three samples of the bulk mineral wool product were taken during
the survey. They are:‘

¢ Sample Z - Taken June 1; sample of 8 lb/ft3 blanket at end

of takeoff table, just before packaging
® Sample Y - Taken June 2, 2215 hrs, uncured fiber, before entering

curing oven
® Sample X - Taken June 2, 0700 hrs, mix of cured and uncured fiber
The following analyses were applied to these samples
® Optical microscopy, to determine fiber diameter
® Atomic Absorption spectroscopy, for trace element content
o {-Ray fluorescence spectroscopy, for to%al elemental composition
® X-Ray microprobe analysis of individual fibers and shot, to de-

termine if differences exist

B-1



TABLE B-1
BULK SAMPLES
FIBER DIAMETERS BY
OPTICAL MICROSCOPY

PORTON DIAMETER SAMPLES
CATEGORY (um) X Y yA TOTAL
<1 0.91 75 18 3 96
1< 2 1.28 99 28 12 139
2< 3 1.81 102 22 8 132
3< 4 2.56 81 34 26 141
4< 5 3.62 \ 62 20 15 97
5< 6 5.12 58 20 27 105
6< 7 7.24 79 18 35 132
TOTAL FIBERS 556 160 126 842
GEOMETRIC MEAN DIAM. 2.0 um 2.1 uym 3.2 um 2.2 um
GEOMETRIC STD. DEV. 2.1 2.0 2.0 2.1
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X-RAY FLUORESCENCE (XRF) AND ATOMIC
ABSORPTION ANALYSES OF BULK SAMPLES

TABLE B-2

‘ RESUN TS~ ng/gm
ELEMENT
XRF AA XRF AA «RF AA
cr < 104 56 <95 38 <88 35
Mn .60%| 0.52% .39% | 0.44% .49% ] 0.55%
Fe 2.2% 1.7% 3.3%
Co < 54 <10 <54 <10 < 55 <10
Ni < 27 <40 <21 77 <22 101
Cu 41 15 20
Zn 74 <2 19 <2 21 <2
Hg < 16 <10 < 17
Pb 78 <20 110 <20 ‘28 <20
As $23 21 < 15
. Se <18 <10 <15
Ag <170 <120 < 165
cd <170 <5 <120 <5 < 165 <5
i . .45% .34% .31%
Sn <170 <120 - < 165
K .21% ,22% J11%
Ca 20% 23% 20%
Sr .12% 756 913
Ba <415 <420 < 410
Rb <26 <26 <23
Si OBS OBS OBS

B~4




X-RAY MICROPROBE ANALYSIS OF BULK SAMPLES - AURORA

Energy {kv)
1.0
1.2
1.5
1.7
2.2

© 2.5
3.2
3.6
4.0
4.5
5.3
5.8
6.4

1.2
1.5
1.7
2.2
2.5
3.2
1.5
4.0
4.5
5.8
6.4

1.0
1.2
1.5
1.7
2.2
2.9
3.2
3.6
4.0
4.%
5.8

6.4

TABLE 8-3

S = Small Fiber (=1.0um}
M = Medium Fiber {(=5.0um)
L = Large Fiber {10 um)

Shot = Shot

yP = Variable, fractured narti¢le, not identifiable

Bulk Sample "X" - Microprobe

Element
Na
Mg
Al
Si
S
c1
K
Ca
Ca
Ti

Cr

Mn

Fe

S
0.68
1.16
3.68
0.20
0.20
.70
0.46
0.10

0.09
0.17

Bulk Sample "Y" -

Mg
Al
Si
s

a1
K

Ca
Ca
Ti
in
Fe

0.58
2.25
3.02
0.30
0.22
2.40
0.40
0.31

0.14

Intensity (cm}

Bulk Sample "I" - Micreprote

Na
Mg
Al
$i
5
Ar?

Ca
Ca
Ti
Mn
Fe

9.72
0.62
3.59
0.24
0.18
3.78
0.50
0.08

M L

- tr
0.63 0.93
1.16 2.90
3.82 3.70
Q.24 0.15
0.20 0.19
31.78 1.13
0.45 0.45
0.12 0.12
9.15 Q.13
Microprobe
5.62 g8.70
1.55 1.10
3.67 3.73
0.27 0.21
0.23 0.18
3.5¢ 3.77
0.50 0.49

- 0.06

- 0.08
Q.16 0.14
0.08 -
0.56 Q.60
1.10 1.09
3.74 3.45
0.18 0.17
0.16 g.19
3.30 31.78
0.58 0.48
0.0¢ 2.05
0.08 -
0.11 0.17

Shot
0.16
0.98
1.50
3.77
0.20

1.19
0.20

0.09

0.87
1.20
3.89
0.16
0.10
g.19
3.587
0.53
Q.08

0.10

0.80
1.12
3.78
0.15
0.10
0.16
2.47
0.29

tr

VP

3.18
3.80

3.00
3.86



FIGURE 8-2.

AURQRA - BULX SAMPLE X - MICROPROBE ANALYSIS DISPLAYS
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FIGURE 8-3

AURORA - BULK SAMPLE Y - MICROPRGBE ANALYSIS JISPLAYS
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FIGURE B-4

AURCRA - BULK SAMPLE Z - MICROPROBE ANALYSIS DISPLAYS

I - medium
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