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ABSTRACT

A industrial hygiene study was undertaken at the Gouverneur Talc Company,
nurber one mine and mill, during November 3-7, 1975. Samples were collected
to evaluate exposures to respirable dust, free silica and asbestos fibers. In
addition impinger samples were collected for comparison with past exposure
measurements. Bulk product talc samples were also collected for mineralogical

analyses by both NIOSH and independent consultant laboratories.

Results of mineralogical analyses of talc product samples by all laboratories
concluded that asbestiform minerals (tremolite and anthophyllite) were pre-
sent. Time-weighted-average fiber exposures in mine and mill operations were
found to fange from 1.7 to 9.8 fibers > S5 um/cc and time-weighted-aver;ge re-
spirable dust exposures were found to range from 0.25 to'2.96 mg/m3. No freé
silica exposures were found to exceed the NIOSH recommended standard of 50 ug/
m3. Electron microscopic analyses of the airborne dusts showed 38 to 45% of
airborne fibers to be anthophyllite with lesser gquantities (12 to 19%) of

tremolite. More than 90% of the airborne fibers were shorter than S5 um in length.

A review of historic exposure data of these operations and epidemiological
data concerning health effects of exposures to tremclite and anthophyllite
are included in addition to recormendations for workplace improvements to

reduce exposures.
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INTRODUCTION
The term "talc" in the mineralogical sense denotes a specific rockforming
mineral of the sheet silicate category [Mgg (SigOzq) (OH)4]; however,
"talc" in the industrial sense may represent a varied mixture of minerals
with similﬁr physical properties as talc. (1) Unfortunately, many past studies
of the health effects of industrial talc exposures have not adequately inden-

tified the various hazardous agents which may have been present in the talcs.

The National Institute for Occupational Safety and Health (NICSH) has
underway an industrywide study of the talc mining and milling industry.
These studies include both epidemiological studies of exposed worker
populations to determine health effects which may be attributed to the
work environment and detailed industrial hygiene studies to characterize

the various agents to which these workers have been exposed.

The "talc" mining area in the wvicinity of St. lawrence County, New York,
represents a complex association of amphiboles (anthophyllite, tremolite,
etc.) talec, quartz, and serpentines.(l) Proportional mortality studies by
Kleinfeld et.al.(2/3) of talc miners and millers in this area have demon-
strated significantly increased mortality due to both malignant and non-
malignant respiratory diseases. Also, NICSH analyses of tales (Nytal 200)
ce?tified by the Vanderbilt Company not to contain asbestos have demonstrated
significant contamination levels of both fibrous tremolite and fibrous antho-
phyllite.(4) However, it has been stated that these studies are not appro-
priate since the mineral make-up of talc deposits in this area differ sub-
stantially with each deposit; some containing asktestos while others do not.

Cne study(le) has suggested differences in toxicity among'these minerals.



Those questioning these studies base their arguments on the definition of

a fiber (3 to 1 aspect ratio) as described in OSHA standards(e) rather

than mineralogical fiber identification. 1In order to resolve the guestion
concerning the toxicity of these talcs, it was decided that NIOSH would
conduct epidemiological mortality, morbidity, and industrial hygiene studies
of the Gouverneur Talc Co. which produces Nytal and other talcs which
vanderbilt contends do not contain asbestos. The Vanderbilt Company pre-
sently markets products from one mine and mill (#3) which the company admits

to containing asbestos and are so labeled.

During November 3-~7, 1975, an industrial hygiene study was conducted at the
number one mine and mill of the Gouverneur Talc Company, Balmat, New York.
Alr samples were collected to evaluate worker exposures to asbestos fibers,
respirable dust, free silica, and talc dust. A progress report of this study
containing all personal exposure data was issued on May 25, 1976 which demecn-
strated exposures to asbestiform minerals to exceed current OSHA and MESA
standards. This final report contains a description of facilities s+%udied,
sampling and analytical methods employed, sample results ané conclusiens and
recommendations for workplace improvements to help protect emplovee health

at this and other facilities using these or similar products.



DESCRIPTION OF THE FACILITIES
R.T. Vanderbilt began talc operations at the Gouverneur Talc Company in
1947 with one mine (#l1) and one mill (#l). 1In 1974, the Vanderbilt Corporation
acquired all talc operaticns of the International Talc Company. From
this purchase, Vanderbilt was operating two mills (#3 and #6), one underground
mine (#3 mine) and one open pit (Arnold Pit) at the time of this study. Only
the #3 mine contains what the Vanderbilt Corporation considers to be fikrous

anthophyllite and this ore is processed in the #3 mill.

The total employment at all R.T. Vanderbilt New York talc operations a%t the
time of the present study was approximately 170 persons. These are broken
down as follows:

Underground - 41
Open Pit = 13

Mills - 67
Salaried - 49
170

Employees of these operations are represented by lLocal #4979 of United Steel
Workers which organized in these talc cperations in 1954. All operations
were on a 54 day per week schedule with the mine operating only during the
day shift while the mill operates three shifts. A list of jobs and a de-
scription of related duties in the number one mine and mill are given in

Appendix II.

Approximately 19 talc products from all of the Company's New York talc
operations are marketed. Mineral Product Safety Data Sheets for these products
(supplied by R.T. Vanderbilt), are shown in Appendix I. These talcs are used

in numerour products. Some typical uses are as follows:



Ceramic¢ wall tile

Pottery artware

Electrical insulators

Ceramic tile glaze and flux

Paint filler and carrier for extenders
Putties and spackling compounds

Die castings (fibrous grades)



DESCRIPTION OF OPERATIONS AND CONTROLS
GOUVERNEUR TALC CO. MINE AND MILL (#1 MINE, ARNOLD PIT AND #1 MILL)
Surface facilities include the main office, mine office, quality control

laboratory, change room, crusher building and packer building.

Underground hard rock mining methods are employed using jackleg drills

to make holes for blasting the ore in open stopes. The number one mine
consists of one main shaft 1250 feet in depth with three main working levels
branching off. During the present survey, ore was being mined from ap-
proximately 6 of 26 active stopes. According to Company personnel, mining
follows a typical cycle: blasting is done with gelatin dynamite and ANFO;
time is allowed for dust and gases to dissipate; stoping operations are begun
including drilling for the next shifts, blasting, and_removal of ore.

However, some secondary blasting is done during the work shift.

Cre (muck) from the stoping areas is loaded into 2 ton rail cars using
either gravity drawpoint lcading or scraper (slusher) loading. Ore from
these cars is discharged into a central jaw crusher located at the 700 ft.
level although some crushing is also done on the 1110 ft. level. The
crushed ore is loaded into a skip and carried to the mine headframe where a
gyratory crusher reduces the ore to approximately 3/4 inch screen size.

The ore is then transported by conveyor belt to one of four wet ore storage

bins in the mill.

Approximately 40,000 cfm of mining ventilation is provided to this mine.
In addition, the ore may be quite moist, thereby further reducing dust
exposures. Drilling is usually done using wet methods. At the 700 ft.

level crusher, water sprays are also used for dust suppression.



In addition to ores from the number one mine, the number one mill also
receives ores for first stage crushing from the Arnold Pit located ap-
proximately one mile from the mill. Ores are mined from the Arnold Pit using
traditional hard rock open pit mining methods by drilling blastholes then
blasting to break the ore. A front lcader is used to load ore intc trucks

by which the ore is transported to the primary crushers which are located

at the open pit. There are no dust collectors on the open pit crusher.

In the number one mill, various grade talc products are produced by dry
grinding operations. A simplified flow sheet for the milling operations is

given in Figure 1.

Ores from the wet ore storage bins are periodically sampled by the gquality
control lab to determine appropriate product grade. The ores are first
ground in a cone crusher followed by drying in a rotary dryer. The dry
ore is next further reduced using a gyratory disc crusher to produce a
minus 12 to 14 mesh product. The product is next screened on vibratory
screens and transported to one of six dry ore siles. Fine grind products
are made from these ores using either Hardinge pebble mills in closed
circuit with Raymond separators or impact crushers in closed circuit

with fluid energy mills.

The fine ground powder is stored in one of several concrete silos.. These
silos are filled using a bottom £illing technigue patented by R.T. Vanderbilt.
Material from these silos is withdrawn by air slides and pumped to the

packaging and shipping areas.



FIGURE 1
GOUVERNEUR TALC COMPANY, INC.
SIMPLIFIED FLOW SHEET
Underground Mine*+- 5 Grades of ore

Underground, Jaw Crusher
(Minus 4"1Material)
Main Shaft -~ 6 Ton Skip

Hoisting Ca?acity - 90 Tons per hour
Surface Gyratory Crusher

(Minus l"IMaterial)
Belt Convevor to Mill

>
Automatic Sampler*
T

4 Wet Ore Bins - Capacity-90 Tons each
Fine Crushing anéLDrying Circuit
(Minus 12 Mesh Material)
5 Dgy Ore Silos -?Capacitzisoo Tons Each
Pebble Mill Gr1nd1ng Circuit#*

3 - 10 ft. x 66" Pebble Mills
in closed circuit with 3

Alr Separators ‘*-.‘\_\~\* _
Coarsely Ground

Material L
+

Fluid Energy Grinding Circuit*

14 Fluid Energy Mills using
heated cappressed air

4

Finished{?roduct Finished.Froduct
Total Capa%;ty of Grinding Circuics is 60% Tons per day

Vibrating Screens Vibrating Screen
¥ v
(To remozg tramp material) (To remove tramp material)
Low Pressure Air Conveving System Low Pressure Air Conveying Svstem
[2

Alpine C1a551ﬁy1n54§1rcu1t*
4 - Mikroplex 800 units
. L.P. Air Conveying System

=
(Note - All finished product silos filled from bottom
for better mixing of silo contents) 1

L 4

+
6 Finished Product Silos 2 Finished Product Silos 5 Finished Product Silos

¥
Capacity - 90 to 400 Capacity - 400 Tons each Capacity - 70 to 1500
Tons each + + Tons each
+ Low Pressure Air Conveving Systems
¥
Bag Packing Plant Hopper Cars*

for bulk shipments
50 1b. multi wali bags

t

Box Cars* Trucks*

Track Scales-

* = Sampling Point 7



Talc may be either sold in bulk or packaged in 50 lb. valve type Kraft

paper bags. Bag packaging is done using pneumatic packing machines.

In general, ventilation systems within the mill are quite good. Most
material transfer points are provided with local exhaust ventilation and
bﬁcket elevators and conveyors are maintained under negative pressure.
At the bagging machines, local exhaust ventilation is provided at the
filling spout in addition to downdraft ventilation at the bag hopper.
For bulk car locading, the telescopic lcading spout is provided with a

local exhaust ventilation collar.

Air pollution controls consist largely of baghouse dust collectors,
although a'cyclone is used on the mine.headframe gyratory crushers.
Much of the collected material is recycled to the product streams.

- No products from the number one mine or Arnocld Pit were being lakeled

with the OSHA asbestos warning at the time of this study.

OTHER MINES AND MILILS

The #3 mine was not observed during this study. The #3 and #6N mills
were observed during a previous visit. The #3 mill produces products
considered by the Company to contain anthophyllite asbestos. These
products are labeled with the OSHA asbestos. warning label. Milling
operations at these mills are basically the same as those previously
described for the #1 mill with minor variations. Dust control measures
are not, however, as effective as those observed in the #l mine and are

being further improved.



MEDICAL, INDUSTRIAL HYGIENE AND SAFETY PROGRAMS
Only first-aid medical facilities are available at the Gouverneur Talc
Co. New employees are given a pre-employment examination consisting of
a work history, medical history, physical exaﬁination, and chest x-ray.
Periodic examinations including a chest x-ray have been given at yearly
intervals. All examinations are given by a local physician who consults

with the Plant.

Plant safety is handled by a Plant Safety Director (Floyd Robinson).
Monthly departmental safety inspections are conducted Ly Unicn and Plant
personnel in addition to monthly safety meetings. Persconnel protective
equipment presently used in the mine includes hard hats, mine lights,
pgrsonnel rescuers, safety glasses, ané safety boots all of which are pro-
vided by the Company. 1In the mill, safety glasses are encouraged and
workers at talc bagging operations are provided with dust masks which,
according to observations made during this study, are only sporadically
used. Hearing protection is provided for specific operations in the mill
and mine. In 1974, there were 9 reported (lost time) accidents in the

mine and 2 in the mill.

The Company presently does not maintain the services of a full time industrial
hygienist. Some sampling is conducted by the Plant Safety Director in addition
to yearly sampling by the insurance carrier. Air sampling in these operations
has also been conducted by the New York DiQision of Industrial Hygiene and

the Mining Enforcement and Safety Administration (MESA).



INSPECTION OF MINE AND MILL OPERAfIONS
POTENTIAL HEALTH HAZARDS
The following are potential health hazards noted during this visit:
1. Respiratory exposures to mineral dusts (fibrous and
non-fibrous tremoclite and anthophyllite, talc, serpentine,
quartz, etc.) in mining and milling operations.
2. Excessive noise exposures in selected plant operations.
3. Exposures to blastiqg gases in mining operations during

secondary blasting.

HOUSEKEEPING
In general, housekeeping in these operations was judged to be acceptable.
Some loose talc was, however, noted on the floors in the talc bagging

operations. Numerous leaks at material transfer points were noted in

the mill,

10



STUDY METHODS
BULK SAMPLE COLLECTION AND ANALYSIS
Bulk samples of products being produced and bagged during the industrial
hygiene study were collected for laboratory mineralogical assay. 1In addition,
seven talc samples produced at this mine and mill were collected from in-
dependent talc suppliers (Table 1) for mineralogical assay. Several ore

samples were also collected during mine sampling.

Analyses of collected bulk samples were performed by both NICSKE and inde-
pendent consultant laboratories. The seven talc bulk samples collected
from talc suppliers were submitted to both Walter C. McCrone Associates
Incorporated and to the Mount Sinai School of Medicine for independent
analysis by x-ray diffraction, optical microscopy and electron microscopy.
These same samples were also analyzed by NICSH for the presence of asbesti-
form fibers by electron microscopy using electron diffraction ané energy

dispersive x-ray analysis for fiber identification. (7)

Bulk samples collected during the industrial hygiene study were submitted to
Walter C. McCrone Associates Incorporated for mineralogical analyses by
x-ray diffraction {using step scanning methods) and optical microscopic
analyses. These same samples were analyzed by NIOSH for selected trace

metals by atomic abscrption spectroscopy (after acid digestion).
In addition tec the above analyses, several products produced at the nwhber

one mine and mill and submitted to NICSH by Vanderbilt were analyzed for

chemical composition by Dr. D.R. Bowes of the Department of Geology, the

1l



Sources of R.T.

Table 1

Vanderbilt Talcs Produced at
the Gouverneur Talc Company, Number One Mine
and Mill and Obtained from Suppliers

Product Name Source NIQSH
#
Nytal 300 Crone Chemical 00l
P.O. Box 14042
Nytal 400 Houston, Texas 77021 002
5X 003
325 004
Paul Crazier Company
X 1115 Silver St. 005
Houston, Texas 77007
FT 006
X 007

12



" University of Glasgow. For these analyses, Dr. Bowes used spectrophotometry
for Si0z, TiO;, Alj05, total Fe (Fey05 by difference from FeQ) and P,Og
determinations. Atomic absorption analysis was used for Mno, MgO and Cao.

Flame photometry was used for Na20 and X 0 and wet chemical assay was used for

(10)

2
FeO.

AIR SAMPLiNG AND ANALYSIS

Personal air samples were collected from the breathing zone (miners and millers)
to determine time-weighted-average exposures to respirable dust, free silica,
and asbestos fibers. Persocnal samples for respirable dust and free silica

were collected at a flow rate of 1.7 lpm using 37 mm diameter polyvinyl
chloride filters (pre-weighed) preceeded by 10 mm nylon cycone separators.
Samples for asbestos fiber analysis were collected on open faced 37 mm diameter
Millipore Type AR filters (0.8 um pore size) at a flow rate of 1.7 lpm. Re-
spirable samplers were allowed to operate for the full work shift while
asbestos samples were changed periodically during the work shift as needed

to prevent overloading of filters.

Free silica concentrations were determined using x-ray diffraction as
specified in the NIOSH Silica Criteria Document. (3) 211 asbestos samples
were analyzed using the NIOSH phase contrast counting technique.(s) In
addition, a representative portion of the asbestos samples were randomly
chosen and analyzed by electron microscopy using selected area electron
diffraction and energy dispersive x=~-ray analysis for fiber identification.
Electron microscopy was also used to determine airborne fiber concentrations,
and size (diameter and length) distributions. (7) Samples for electron
microscopic analysis were prepared using a modification of methods described

by ortiz. (2)

13



In order to relate results of the present industrial hygiene study to past
studies in these operations, midget impinger samples also were taken in

a manner identical to past sampling technigques. Breathing zone impirger
samples were collected in ethyl alcohol at a flow rate of 0.1 cfm with
sampling periods ranging from 15 to 30 minutes. These samples were
counted at the end of each work shift using Dunn counting cells and

bright field optical microscopy (1l00X). Two preparations were made for
each sample and allowed to settle for 30 minutes and counts made by two
counters. When counts differed by more than 10%, new preparations were

made and recounted.

In addition to personal sampling, stationary samples were taken to
further attempt correlations between impinger counts, respirable mass
concentrations, total mass concentratiéns, and . asbestos fiber concen-
trations. Midget impingers were collected as described above using a
sequential sampler (24 samplers) such that the entire work shift was
sampled. Simultaneously, respirable and total mass samples were col-
lected at flow rates of 10 lpm using 37 mm diameter polyvinyl chloride
filters (pre-weighed). The respirable samples were collected using
stainless steel cyclone and free silica analyses of the respirable dust

(5}

performed using x-ray diffraction. Asbestos count samples were collected

and analyzed as described above for personal samples.

14



STUDY RESULTS
BULK SAMPLE ANALYSES
Results of analyses of the seven talc samples obtained from suppliers
are shown in Tables 2 and 3. Copies of the reports submitted by McCrone
and Mt. Sinai and analytical data obtained by NIOSH are given in Volume
II of this report. These reports all concluded that asbestiform tremolite
and anthophyllite were present in these samples. In addition, Mt. Sinai
and NIOSH reported trace quantities of chrysotile in some samples. The
only major discrepancy notable is a higher quartz content for each sample
reported by Mt. Sinai. NIOSE analyses tend to support the locwer McCrone

\

results which is substantiated by the air sample results.

Results of NIOSH electron microscopic analyses of these talcs, given in
Table 3, show that a majority of the fibrous particles in -these samples are
anthophyllite (67 to 88%) with smaller quantities of tremolite (4 to 12%).
A large majority of the tremolite identified by x-ray diffraction is nect
fibrous. Anthophyllite fibers with very large aspect ratios (1000/l) were
observed. A close association between talc and tremolite has been demon-

strated by Stemple and Brindley.(ls)

Results of further x-ray diffraction and petrographic microscopic analyses
(McCrone) of product samples collected during the study are shown in Table

4. These results are ih basic agreement with previous results given in

Table 2. As can be seen in Table S5, all trace metals for which analyses were
performed, with the exception of iron and manganese, were essentially atsent.

only insignificant guantities of iron and manganese were detected.

15
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Results of major element analyses by Dr. Bowes are shown in Table 6. The

high Ca0 content of these talcs correlates reascnably well with the observed
high tremolite content. Other carbonates except traces of calcite are absent
or negligible in these talcs as demonstrated by low COp values. (13) The Fe
and Mn analyses are consistent with the results shown in Table 5. These

major element analyses are in basic agreement with results obtained by Ross
et.al.(14) for talcs in the Arnold Pit and by Dreessen(18) for tales in this area.
Ross et.al. also suggested that an additicnal manganese-rich amphibole,
tirodite, may be found in trace gquantities in these deposits. Also, the

major element analyses shown in Table 6 do show 0.12 to 0.22% MnO; however,

no manganese=rich amphiﬁoles were detected by the electron microscope analyses

using selected area electron diffraction anéd microchemical analysis.
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AIR SAMPLES

A brief description of each job, sampling and analytical methods used, re-
sults of all individual samples and appropriate summary statistics are
shown in Appendix II. Jobs are identified by 4 digit 305 codes. Tabular
summaries of time-weighted-average exposures by job category for the mine

and mill are given in Tables 7 and 8, respectively.

Tables 7 and 8 show free silica exposures to be very low. The highest
time-weighted-average free silica exposure observed was 0.040 mg/m3 which

is below the 8 hour time-weighted-average exposure value of 0.05 mg/m3 re-
commended'by NIOSH for this material. (5) Respirable dust expesures ranged
from 0.25 to 2.96 mq/m3. No respirable dust standard has been determined for

the mineral talc or talc containipg fibrous tremolite or anthophyllite.

Breathing zone impinger concentrations ranged from 0.5 to 15.8 million
particles per cubic foot of air (mppcf) with highest concentrations keing
observed in the mine. The present OSHA and MESA standard for "talc" contain-

ing < 1% free silica and no asbestos fibers is 20 mppcf.(a)

Due to its fiber content, the occupational asbestos exposure standarc
must be applied to exposures to materials from these mining and milling
cperations. Time-weighted-average asbestos fiber exposures in excess of
five fibers > 5 um/cc were observed for the following job categories:

(1) Mine Crusher Operator

(2) Trammer

(3) Mine Cageman
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Summary of Time-Weighted-Average Exposures
By Job, Gouverneur Talc Co. Number One Mine

Table 7

Job Job Title Asbestos Resp. Mass Impinger Free Si0j

Code fibers > 5 um/cc mg/m3 mppcf ng/m3
(Optical Microscopy)

0102 Crusher Operator 9.8 (4) - - -
0103 Trammer 5.6 (25) 0.64 (3) 10.1 (3) 0.020 (3)
0104 Scrapper Man - 1.29 (3) 11.8 (5) 0.012 (3
0105 Underground Laborer - 0.58 (1) - 0.006 (2)
0106 Driller 3.0 (5) 0.98 (31 00.7 (1) 0.014 (2)
0114 Mucker - - 15.8 (1) -
0115 Cageman 9.5 (5) 0.23 (L 2.0 (1 -
0301 | Repairman - 1.14 (1) - -
0302 Repairman's Helper - 0.86 (1) 3.6 (lj 0.000 (1)
0303 Blacksmith 2.6 (3) - - -
0394 Maintenance Mechanic 1.7 (12) 0.42 (1) 1.5 (1) 0.000 (1)

( ) = Number of samples used for calculation of time-weighted-average

values for each job catagory. Samples for respirable mass and

free SiO2 were full shift samples.
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Table 8

Summary of Time-Welghted-Average Exposures
By Job, Gouverneur Talc Co. Number One Mill

Job . Job Title Asbestos Resp. Mass Impinger Free Si0,

Code fibers > 5 pm/ce mg/m3 mppcf mg /m3
(Optical Microscopy)

0201 Mill Foreman 5.3 (9) 0.58 (2) 2.9 (2) 0.013 (2)
0203 General Laborer 5.6 (5) 1.14 (1) 0.5 (1) 0.014 (1)
0204 | Crusher Operator 5.1 (16) 0.85 (2) 2.6 (4) | 0.020 (2)
0206 Hardinge Operator 7.9 (14) 1.09 (2) 3.4 (2) J 0.012 (1)
0208 Wheeler Operator 8.4 (14) 1.56 (2) 3.1 (2) | 0.012 (1)
0209 Packer 5.1 (48) 0.59 (8) 3.6 (6) 0.010 (7)
0211 Packer Serviceman 3.6 (11) 0.42-(2) 2.1 (1) 0.007 (2)
0212 Packhouse Foreman 1.5 (5) 0.25 (2) - 0.014 (2)
0213 Fork Lift Qperator 4.0 (15) 0.35 (3) 1.6 (2) 0.000 (1)
0214 Car Liner 3.4 (4) 0.31 (1) - 0.000 (1)
0220 Bulk Car Loader 2.0 (3) 0.25 (1) - 0.016 (1)
0401 Millwright 1.9 (3) 2.37 (2) == 0.040 (2)
0402 Instrument Repairman 2.8 (6) 0.59 (2) - 0.000 (1)
0403 Machinist 1.8 (3) 0.40 (1) -= 0.016 (1)
0405 | Millwright Helper 4.0 (2) 2.96 (1) - 0.000 (1)
0406 Sheet Metal Worker 1.7 (3) 0.50 (1) - 0.013 (1)
0410 Oiler 4.0 (&) 0.72 (1) == 0.016 (1)
0411 Welder 1.9 (3) 0.75 (1) -

( ) = Number of samples used for calculation of time-weighted-average
values for each job catagory. Samples for respirable mass and
free SiO2 were full shift samples.
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(4) Mill Foreman

(5) Mill Laborer

(6) Crusher Operator

(7) Hardinge Operator
(8) Wheeler Operator

(9) Packer

In addition, 17 of the 24 job catagories samples had time-weighted-average

(8)

exposures exceeding the current OSHA standard of 2.0 fibers > 5 um/cc and

all operations exceeded the OSHA proposed standard of 0.5 fibers > 5 vum/
cc. (12)

The following job catagories had exposures in excess of the OSHA and MESA
allowable ceiling value of 10 fibers'> 5 um/cc: |

(1} Mine Crushers Operator

(2) Trammer

(3) Mine Cageman

(4) Mill Foreman

(5) Mill Laborer

(6) Crushers Operatcr

(7) Hardinge Operatcr

(8) Wheeler Operator

(9) Packer

Individual sample results, as determined by electron microscopy, are shown
in Takle 9 and time-weighted-average fiber concentrations by job are shown
in Table 14 of Appendix II. 1In these tables, "positive asbestos" means only

those identified by electron diffraction; therefore these concentrations
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represent minimum estimates of true total airborne asbestos concentrations.

As shown in Appendix II, time-weighted-average positive asbestos fiber ex-
posures as determined by electron microscopy ranged from 9.5 to 70.6 fikters/

cc (all lengths) with concentrations in the mill tending to be slightly

higher. As shown in Table 9, total fiber concentrations (all types and lengths)

for individual sampies ranged from 11.6 to 189.5 fibers/cc.

A summary of airborne fiber types as determined by electron microscopy is

shown in Table 10. 1In the mine, 38% of the airborne fibers were identified

as anthophyllite while 19% were tremolite and 39% were unidentified. In the
mill, 45% of the fibers were anthophyllite, 12% tremolite and 38% unidentified.
Three percent of the fibers in the mine and 2% in the mill gave chrysotile
electron diffraction patterns. The presence of chrysotile in the air samples
is consistent with the results of bulk sample analyses by Mt. Sinai and -

NIQOSH where trace guantities of chrysotile were noted in some.samples. All
chrysotile fibers observed in the air samples were less than 1 um in length.
Nearly all of the serpentine minerals identified in the bulk samples is

lizardite.

Results of airborne fiber size determinations (diameter and length) for
tremolite and anthophyllite fibers are shown in Tables 1l and 12 with
appropriate summary statistics. As was expected, tremolite fibers tended

to be larger in diameter and shorter in length than anthophyllite fibers

with size distributions for these minerals being similar for the mine and
mill, Median fiber diameters of 0.19 gnd 0.13 um were obse;ved for tremolite
‘and anthophyllite, respectively. In the mine, median fiber lengths of 1.6

um for tremolite and 1.5 um for'anthophyllite were observed. Similar lengths

26



Comparison of Optical and Electron Microscopic Fiber

Table 9

Concentrations, Gouverneur Talc Company, Number One Mine and Mill

Fibers/ce
Sa:ple Ci:: Job Title Electron Micrascopyv Optical
Post. Asbestus*| Total Fibers| All >5um > 5um
G194 0103 Trammer 20.2 42.1 1.2 3.5
G156 | .0103 Trammer 22.6 29.8 5.9 2.7
G149 0103 Trammer '13.2 27.8 2.4 4.2
G237 0103 Trammer 8.9 19.1 2.0 4.7
G240 0.06 Driller 9.5 14.4 1.3 No count
G223 0115 Cageman 17.5 30.3 2.2 6.0
G04 0201 Mill Foreman 18.4 28.8 5.8 5.8
G42 0201 Mill Foreman 33.7 70.0 7.0 5.3
€98 | 0203 | General Laborer 36.6 ' 64.9 9.3 5.9
Gl46 0203 General Laborer 9.0 14.9 1.3 2.9
G77 | 0204 | Crusher Operator 9.0 45.5 2.8 3.8
G38 0204 Crusher Operator 15.6 27.2 4.4 2.2
Gl01 0206 Hardinge Operator 102.7 189.5 6.2 8.9
c22 0206 Hardinge Operator 33.6 51.5 4.2 5.5
Glas4 0208 Wheeler Operator 18.2 31.8 4,1 6.8
G02 0208 Wheeler Operator 25.5 37.4 4.0 6.0
G96 0209 Packer 31.9 57.5 4.8 1.2
G47 0209 Packer 41.8 73.5 8.5 3.2
G85 0211 Packer Serviceman 7.3 11.6 0.5 1.6
G10 0211 Packer Serviceman 26.7 34.7 4.4 4.2
G113 0212 Packhouse Foreman 13.6 18.4 1.4 1.6
605 | 0212 | Packhouse Foreman 16.2 28. 4 5.7 1.1
¢31 0213 Fork Lift Operator 36.0 71.9 8.7 8.3
G197 0304 Maintenance Mechanic 16.7 26.6 1.7 2.3
G180 0403 Machinisc 24.9 42.5 3.6 3.6
G197 0411 Welder 9.9 14.6 2.1 3.1

® Includes only those giving identifiable cleciron diffraction patterns;
therefore, represents a conservatively low estimate.
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Table 10

Summary of Airborne Fiber Types Determined By
Analytical Electron Microscopy
Gouverneur Talc Company, Number One Mine and Mill

Percent of Airborne Fibers (All Lengths)
Operation Positive Amphiboles* Positive Non Not
Tremolite#** Anthophyllite** Chrysotile Asbestos Identified**=*
Mine 19 38 3 1 39
Mill 12 45 2 2 38
*

Airborne fibers were identified as positive amphiboles by selected
area electron diffraction.

*% Amphiboles differentiated by energy dispersive microchemical analysis.

**%- Electron diffraction patterns not sufficient for identification; however,

many had i—ray spectra identical to tremolite.
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Table 11

Summary of Airborne Fiber Diameters for Positive Amphiboles
Gouverneur Talc Company, Number One Mine and Mill

Operation and Median Geo. Std. 95% Conf. Z<0.5 um
Fiber Type Diameter Deviation Interval for in Diameter
pm Median Diameter
pm
Mine*
Tremolite (N=83) 0.19 2.3 0.16-0.23 88
Anthophyllite (N=164) 0.13 2.4 0.12-0.15 93
Mill*
Tremolite (N=160) 0.19 2.4 0.17-0.22 87
Anthophyllite (N=687) 0.13 2.9 0.12-0.14 90

* Regults of all samples combined for distribution analysis.

N = Number of individual fibers analyzed.
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Summary of Airborne Fiber Lengths for Positive Amphiboles
Gouverneur Talc Company, Number One Mine and Mill

Table 12

Operation and Median Geo. Std. 95% Conf. Z <5 um
Fiber Type Length Deviation Interval for in Length
ym Median Length
um

Mine*

Tremolite (N=83) 1.6 1.8 1.4-1.8 97
Anthophyllite (N=164) 1.5 2.6 1.3-1.7 90-92
Mill*

Tremolite (N=160) 1.5 1.9 1.4-1.7 97
Anthophyllite (N=687) 1.4 2.9 1.3-1.5 90

* Results of all samples combined for distribution analysis.

N

= Number of individual fibers analyzed.
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were seen in the mill. In the mine and mill, only 3% of the tremolite
fibers were longer than 5 um whereas 8-10% of the anthophyllite fibers

were longer than this length.

The trend for airborne anthophyllite fibers to have larger aspect ratios
can be observed by inspection of Figures 2 and 3 and Table 13. Median
aspect ratios of 9.5 and 7.5 were observed for anthophyllite and tremolite,
respectively. Only 30% of the tremolite fibers had aspect ratios greater
than 10 to 1 whereas 48% of the anthophyllite fibers had aspect ratiocs

greater than this value.

Typical electron photomicrographs of airborne particulates from the mine
and mill are shown in Figures 4,5 and 6. In addition to large amounts of
analytical data already presented, the asbestiform nature of these fibers

may be further appreciated by observation of their "fibril" structures.

31



6666 666 866 66 86 S6 06 08 0L 09 05 ot of ol ol S 71 :
| 1 1 1 I | R S AR I BN B I ] T
OI1LYYH NIAIY = S3INTIVA 40 % JALLYVIANND
= ZS8 = N 1t
1'Z = 34
B S°6 = NVIG3IW ¢
" P [
m
" m e
|-
— -9
X
_ > 1
B = 8
— © -6
” = o
o
=}
n
[ad
b=y
-
o]
| 3 J,
[« 5
[
- u- .
B <t
[ -1t
B -1
ﬂ (PaUIqWOD) [IIIN PUE Uy SuQ JPQUINN 71°
s19qi4 o)ljAydoyjuy Iusoqily Jo4 SOjjey JIadsy m L
= : ~{g
_ | z 34914 ds
1 11 L L1 [N W T N NN IO R \ |1 0

19



09 05 o of ol 01 5 t 1

6666 666 § 66 86 S6 06 08 oL
[ .W_.w a.: i  — 1 A R T i ¥  — l
OILVYYH NIAID S SINIVA 40 ¥ JALLVINWND
- EYZ = N 11
6'1 = 3p
B S°L — NVIQ3IW ¢
®
_ A [
m
| n s
— 9
X
~ > 1
o m s
— 0 s
B - ot
[} ]
=3
4]
(ad
=
e
o
- 3 1,
.
(ad
p— q v
— ¢
B = L]
| s
B (POUIqWIOY) 1IN PuUe Bujly SuQ J9quINN 19
B $49q)4 ojjjowas] auJ0qLy 404 SOJ}eY Jdodsy sl
_ € 3unols !
1 L1 | | 1 1 | L1 | R R 1 1 | 1 001

33



Reproduced from
best available copy.

e o

L

9UTH pue TTITH 2uo

a9

qunu woxj sa31vINdTIled auloqaty Jo ydeifoadojwojoyd uvoiloary iy

2an314

34



I1IH pue Qufy 3auo 13aquni woilj s3Je ndfiied sauioqijy jo ydealdoaosjwojoyqd uoaddagd :¢

2andtg

&

35



TITH pue 3Ull

9uU0 13qunu wolJ \83JeTNIFIAYJ Suioqajy jo tydeafoaojmojoyq uoxlIIITH 9

36



Table 13

Aspect Ratios for Positive Amphiboles Determined by Electron Microscopy
Gouverneur Talc Company, Number One Mine and Mill

Aspect Ratio Tremolite* Anthophyllitex
Measurement Mine Mill Mine Mill
Median Aspect 7.5 7.5 9.5 9.5
Ratio
Aspect Ratio
< 5/1 23% 24% 17% 15%
< 10/1 70% 70% 52% 527
< 20/1 967 967 857% _88%
< 50/1 >997 >997 997 >997

* Data shown are for all fiber lengths



COMPARISON OF SAMPLING AND ANALYTICAL METHODS

In order to compare results of the present study with historic dust
measurements, several comparisons were made. Results of the stationary
samples for correlation of sampling and analysis methods are shown in

Table 14. Based on these limited data, the following average relationships

were calculated:

Ratio Average Range
resp. dust, mg/m}/éppcf 0.22 0.12-0.29%
fibers > § um/cs/ﬁesp. dust mg/m3 - 6.7 3.1-11.9
fibers > § um/ci/éppéf . ' 1.2 0.9-1.4

These data also show that an average of 28 percent of the airborne dust in

the mill is respirable.

A further comparison of fiber concentrations determined by optical micro-
scopy and respirable dust concentrations is afforded by the paired personnal
dust measurements made in the mill. A linear regressicn analysis cf these
time-weighted-average values is shown in Figure 7. The regression line was
forced through the null points after this null hypothesis was tested(ll) and
could not be rejected. A good correlation (r=0.73) was found between these
two sampling methods. The results of this analysis demonstrated the following
relationship:

fibers > § um/cj/gesp. dust, mg/m3 = 6,3
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Table 14

Summary of Stationary Samples for Correlation of Sampling Methods
Gouverneur Talc Company, Number One Mill

Time-Weighted-Average Concentrations

Sample [Total Dust Resp. Dust Impinger Asbestos
Station mg/m3 mg/m3 mppef Fibers > 5um/cc
1 2.44 0.88 3.5 4.4

(N=1) (N=1) (N=12) (N=3)-
2 1.47 0.36 3.0 4.3
(N=1) (N=1) (N=5) (N=3)
3 8.81 2.14 7.2 6.7
(N=1) (N=1) (N=6) (N=2)

N

= Number of individual samples collected.
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The 95% confidence interval for this ratio was calculated to be 4.1 +o 8.5.
These results are consistent with those shown in Table 14 for the stationary

mill samples.

A comparison was also made between time~weighted-average fiber exposures
(fibers > 5 um/cc) and impinger dust exposures (mppcf) for individuals

in the mine and mill. These results are shown in Table 15. As can be
seen, no consistent conversion between these sampling methods was obtained
although some differences in conversion values in the mine and mill are
evident. A median conversion ratio (fibers > 5 um/cs/éppcf) of 0.5

was obtained for mine samples whereas a median ratio of 1.7 was obtained
for the mill. These differences are statistically significant (p<0.001).
Several possible explainations exist for this difference; however, the

most plausible is that fine grinding, which takes place in the mill,
liberates greater numbers of "free" fibers from the host rock. 1In addiﬁion,
finer Qust particles in the mill are less efficiently collected and counted

by the impinger method.

A graphical comparison between total fiber concentrations by electron micro-
scopy and fibers > S5 um by optical microscopy is shown in Figure 8. These
data were found to be highly scattered with no consistent correlaticon. These
data are summarized in Table 16 and show a significantly different ratio

of total fibers by electron microscopy to fibers > 5 um by optical microscopy
between mine and mill samples although no single predictive values can be

estimated.
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Tab

le 15

Comparison of Impinger and Optical Fiber Count Results
Gouverneur Talc Company, Number One Mine and Mill

Ratio (fibers > 5 um/ccf/mppef)

Summary

Statistic Mine Mill
Median Ratio 0.5 1.7
Range of Ratios 0.2-1.2 0.6-3.4
Number of 6 15
Comparisons
95% Conf.
Interval for 0.3-0.8 1.3-2.2
Median Ratio*

*

Based on log ~ normal distribution model.
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Table 16

Comparison of Optical and Electron Microscopic Fiber Concentrations
Gouverneur Talc Company, Number One Mine and Mill

Ratio (EM total fiber/cs/bpt. fiber > 5 um/cc

Summary

Statistic Mine Mill
Median Ratio 7.1 11.0
Range of Ratios 4,1-12.0 4.7-47.9
Number of 5 17
Comparisons
95% Conf.
Interval* for 6.7-7.5 ' 10.7-11.3

Median Ratio

* Based on log - normal distribution model.



CCOMPARISCN OF PRESENT AﬁD PAST EXPOSURES

The present studies demonstrate elevated exposures to asbestiform minerals
in nearly all mine and mill process operations. Comparisons between present
dust (mppcf) and fiber (fibers > 5 um/cc) exposures and historic exposure
measurements are shown in Tables 17 and 18, respectively. These data were

gathered from a number of sources.

Trends in dust concentrations as a function of calendar time are difficult

to intrepret for several reasons. First and most important is the relative
pausity of data on some operations prior to approximately 1970, Secondly,

very few samples were taken in any given vear and the representativeness

of these samples is unknown.

For visuél inspection of trends in dust concentrations, average values for
mine and mill operations by year were calculated and ars shown in Figures

9 and 10, respectively. Inspection of Figure 9 shows no consistent trends

in dust concentr;tions when all mine operations are considered. On the other
hand, the mine exposures for such operations as drilling, dragline loading,
tramming and mucking show relatively consistent exposure levels over the
years with only slight deviations. This might be expected as wet drilling
has been a routine practice. 1In addition, ores being mined~are relatively
wet., Primary crushing and hoist loading operations show somewhat of a de-
creasing trend. Such contréls as water sprays for dust suppression at the

primary crusher are the most probable explaination for this trend.
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A greater trend for decreasing dust concentrations in mill operaticns is
demonstrated in Figure 10 for all mill operations combined. Figure 10 also
shows a greater decreasing trend in exposure when the uncontrolled operation
of loading bagged talc into box cars is excluded from the calculated yearly
averages. Engineering controls for talc milling operations have improved

with time.

As shown in Table 18, fiber exposure measurements have only been made singe
1970. Results of the NIOSH 1975 survey tend to show a reduction in fiber

exposure when contrasted with earlier data for most operations.
Radon daughter measurements have been made in the number one mine by the

Mining Enforcement and Safety Administration (MESA). Measurements taken

in 1973 and 1976 showed only nil to trace levels. (44,45)

50



DISCUSSION
Results of the present industrial hygiene study and past surveys demon-
strate significant exposures to airborne fibers in both mine and mill
cperations at this facility. Electron microscopic analyses of beth bulk
talcs and airborne dust samples have shown that these airborne fibers are
largely asbestiform tremolite and anthophyllite with airborne fibers sizes
(length and diameter) consistent with those found for industrial processes
using asbestos.{l7) By any reasonable mineralogical or physiological de-
finition of "fiber", one must consider tremolite and anthophyllite fibkers in

these talcs to be asbestiform.

More than f;uz decades hﬁve elapsed since the first epidemiological data
were published demonstrating adverse health effects of tremolite talc ex-
posure. In 1933, Dreessen(18) published the results of a chest x-ray study
of 57 workers engaged in the mining and milling of talegs containing up to
45% tremolite and little free silica. This study showed that all workers
with greater than 10 years exposure had increased lung markings ranging
from increased fibrosis to what was termed "second stage" pneumoconiosis.
Among these 17 workers, no cases of active tuberculosis were observed.

Dreessen stated that the observed pneumoconiosis had not led to disability.

The respiratory effects of exposures to talc containing 10% "bladed" tremolite
in two Georgia talc mines and mills were repcrted by Dreessen and Dalla

valle in 1935.(19) A total of 66 workers were given physical examinations
;nd chest x-rays of which 19 were exposed for mecre than 10 years with only

2 having 20 or more years of exposure. Twenty two of these workers de-
monstrated pneumocconiosis with varying severity. Approximately half of

the mill workers exposed to an average dust-conéentration of 300 mppcs
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were diagnosed as having pneumoccniosis with 8 having frank symptoms such
as dyspnea, cough, chest pain, rales, and finger clubbing. Examination of
9 former talc workers who had been separated from exposure more than 3
years demonstrated pneumoconiocsis in all cases with 4 cases in advanced
stages causing these authors to éonclude that the lung changes were per-

manent.

Additional case studies of New York tremolite talc workers were reported Ly
Porro et.al.(zo) Fifteen pneumoconiocsis deaths in talc workers were studied in
addition to S5 autopsy studies. Thirteen of these deaths were considered to

be directly attributable to the pneumoconiosis confirming the disabling
character of this.exposure. These authors concluded that the disabling

tissue changes were due to tremolite talc exposure. Some calcifications

were noted.

Siegal et.al, (21,22) reported a study of roentgenclogical findings among New York
talc workers in addition to an assessment of their exposures. These talcs

were described as containing fibrous tremolite and anthophyllite and less

than 1% free SiO;. A total of 221 talc workers in three mines and five

mills were given chest x-ray examinations. Of the 221 men examined, 32

showed marked fibrosis. Those workers with 10 or more years employmen: de-
monstrated an incidence of fibrosis of 29.9% whereas those employed for more

than 30 years had a fibrosis incidence of 74%. This fibrosis was described

as disabling and often accompanied by dyspnea, cough and fatigue. "Talc
plaques"'were identified in 6.3% of the workers examined. These authors

described the fibrosis observed as resembling that seen amorg asbestos workers,
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The 32 cases of pneumoconiosis identified by Siegal et.al. (21,22) yere
followed prospectively by Kleinfeld et.al.(23) In the 14 year period after
the Siegal study, 19 of the 32 workers died with the ages at death rang-
ing from 48 to 84 years. Four of these 19 deaths were believed to be
directly attributable to talc pneumoconiosis. One death due to pleural
mesothelioma was reported. Medical examinations of the 13 living workers
were performed including a physical examination, chest x-ray, EKG and
peripheral blood studies (Hgb, RBC, WBC, Diff Coun;).) Dyspnea was found
in all workers of such severity as to limit ordinary physical activity.
Moderate to severe progression of lung x~ray findings were seen in 10 of
these workers and "talc plaques" were seen in all but one worker. Six

out of 11 demonstrated an abnormal electrocardiogram. Peripheral blocd
findings were not considered'of significance. These authors also reported
the presence of "asbestos bodies" histologically. Similar findings were

reported in a latter study of six pneumoconiosis with autopsy studies.(zs)

A comparative clinical and environmental study of workers exposed to fibrous
and non-fibrous talcs in New York State was reported by Messite et.al.(24)
Three talc operations in St. lawrence County (fibreus) and one operation

in Lewis County (non-£fibrous) were selected for study and a total of 299
workers were given physical examinations and chest x-rays. Among miners,
the incidence of pulmonary fibrosis was low for both the St. Lawrence and
lewis County cohorts; however, the mean duration of exposure was only 12.7
and 10.3 years, respectively. Among millers, the incidence of fibrosis

was 12.2% and 4.3% respectively for the St. lawrence and Lewis cohorts.

Exposure levels in the plants were described as being similar with all talcs
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having a low free silica content. These authors concluded that both types
of talc were capable of producing pulmenary fibrous although the tremolite
(fibrous) variety was more pathogenic. In addition, these investigators
stated that no cases of fibrosis was found in millers of either talc variezy
whose average exposure was less than 20 mppcf or whose duration of exposure

was less than 10 years.

In a follow=-up study, Kleinfeld et.al. (28) made additional comparisons, including
lung functioen, bethen the St. Lawrence and Lewis County New York cohorts
described above. Thirty workers exposed to fibrous aﬁd 13 exposed to non-
f£ibrous talcs were given chest x-rays and pulmconary function tests. Dyspnea
was'present in 16 of 30 workers in the fibrous talc exposed group and 6 of

13 in the nen-fibrous talc exposed group. Abnormal auscultatozry findingg
(rales, rhonchi, wheezing) were found in 8 of the 30 workers and 6 of 13
workers exposed to fibrous and non-fibrous talc, respectively. The incidence
of pulmonary infiltration as seen in chest films was 13 of 30 for the fibrcus
group and 3 of 13 for the non-fibrous group. Both groups showed rpulmonary
function changes with 4 of 13 workers in the group exposed to ncn-£fibrous talc
and 14 of 30 workers in the group exposed to fikrous talc showing significanctly
reduced vital capacity. Exposures to both groups were considerably in excess

of 20 mppct.

Several additional studies of lung function have been conducted amcng talc
workers in New York State.<26'27’19) Kleinfeld et.al.(26) studied the lung
function of sixteen tremolite talc workers who ranged from 39 to €9 years
of age (mean age 54.8 years). All had been exposed to talc dust in milling

operations for 10 or more years and had no previous occupational dust

54



exposures, The clinical examinations showed 14 of the 16 workers studied

to have dyspnea on exertion, 10 had rales or wheezing and clubbing of the
fingers was found in 6 workers, Increased lung pulmeonary infiltration was
noted in the chest x-rays of all workers studied and cardiac enlargement

was noted in S of these 16 workers. The lung function studies showed 7 of
16 to have reduced vital capacities and one worker was found to have a lung
function consistent with restrictive lung disease. The mean duration of ex-
posure for these 16 workers was 20.4 years and the mean weighted average
exposure was 68.9 mppcf., Thirteen of the 16 workers studied gave a positive

smoking history (30 cigarettes per day for a minimum of 5 years).

In a subsequent study Kleinfeld (27) performed similar studies as those described
above among a group of 43 tremolite tale workers and 41 controls of similar

age and smoking history. In the talc cchort, 29 had dyspnea versus only 2

in the control population. Eleven talc workers gave a history of chronic

cough and none in the controls and 8 talc workers showed finger clubking

whereas no clubbing was noted among controls. Sixteen of 43 talc wcrkers

had positive x-ray findings of pulmonary infiltration and none in controls

and, in addition, reduced vital capacity was found in 13 talc workers and

one control. These talc workers had a mean exposure duration of 19 years

and a weighted average exposure of 62.3 mppcf.

A study of chest x-ray findings and clinical symptoms among miners and millers
at the Gouverneur Talc Company, number cne mine and mill has been reported
by Kleinfeld et.al, (16) Thirty nine workers with a mean exzosure of 16,2

years (range 1l1-22 years) were studied in addition to 41 controls who lived



in the same geographic area and who were of *he same sex and mean age but
having no occupational dust exposure. Dyspriea was present in 23.1% of the
talc workers versus 7.3% for controlsya finding similar to that seen in
anthophyllite asbestos workers. (33)  oOne worker studied was said to have
radiologic findings compatible with pneumoconiosis whereas no cases were
found among controls. These authors suggested that talc containing tremolite
and anthophyllite may be less fibrogenic than chrysotile or amosite asbestos
at similar exposure levels and exposure duration; however, these authers é&id
not preclude the possible existance of pneumocconiosis among these workers as

no lung function studies were conducted. .

Although the above studies have demonstrated the presence cof pneumoconiosis
among tremolite talc ﬁiners in New York, these study designs were insensiti?e
for detection of carcinogenic risks. However, two retrospective proportioral
mortality studies have demonstrated an increased risk of cancer of <he lung
and pleura among- these workers. (2/3) The initial study by Kleinfeld et.al. (3)
included 220 talc miners and millers employed in 1940 who had 15 or more years
of exposure to talc dust in addition to those who achieved a minimum of 15
years of exposure between 1940 and 1965. Among this cohort there were 91
deaths of which 10 (lls) were due to malignacies of the lung or pleura
whereas only 2.9 (3.2%) were expecfed. In addition, 28 deaths were due to
pneumoceniosis or its complications. One of the respiratory cancers was a

fibrosarcoma of the pleura.

In a subsequent follow=-up study, Kleirfeld et.al.(z) extended the observaticn cf

the previous cohort from 1960 to 1969. This cohort consisted of 26C workers
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among which there were 108 deaths. Thirteen of these deaths (12%) were

due to respiratory cancer whereas only 4 (3.7%) were expected. Twenty

nine deaths were due to pneumoconicsis or its complications. These authors
analyzed mortality patterns by 5 year intervals between 1940 and 1969

and concluded that the respiratory cancer risk apprcached expected values
after the period 1960-64. The validity of this conclusion must be
questioned as an analysis of mortality in relation to cancer latency was
not undertaken. In addition, the limitations of proportioral mortality
studies in the presence of an elevated pneumcconiosis risk are now well

known.

An excess cancer risk has been denmonstrated among workers exposed to

(30,31,32) Kiviluoto and Meurman(3o) studied 1,092

anthophyllite asbestos.
anthophyllite asbestos workers who had worked for more than 3 months
between 1936 and 1967 and compared cause specific mortality with rates
for Finland. 1In addition, chest x-rays where read fcr 2352 living wcrkers.
Twenty one lung cancers were observed whereas onf§ 12 were expected which
was statistically significant. Thirteen of these lung cancer victims had

been exposed less than 10 years and only one of these cases was known %o

have asbestosis. No pleural or peritoneal mesotheliomas were cbhserved.

Nurminen(31) has also reported on the mortality experience of anthophyllite
asbestos workers in Finland. This study included 1030 workers who had been
employed for three months or more from 1936 to 1966 and followed until 1963,
Expected cause specific deaths were calculated using Finland rational rates
for 1951-1964. There were 224 deaths in this cohort whereas 2C4 were ex-

pected with a mean age at death of 53.4 years. Twenty five deaths (1l2%)
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had asbestosis as an underlying cause and, in addition, there was a
highly significant excess risk of respiratory cancer (13 obs. versus
6 exp., P<0.0l). No mesotheliomas were detected. The mean latency

between first exposure and death due to asbestosis was 19 years.

One of the most comprehensive studies of mortality and morbidity among
anthophyllite asbestos workers was reported by Meurman et.al.(32) A cohort
of 1092 workers who had worked at least 3 mcnths between Januvary 1936 and
June 1967 was obtained from two mining operations; one of which produced

anthophyllite asbestos and the other produced mainly tremolite *talc.

For calculation of expected age, cause specific deaths, proportional ra-es
for Finland were used for 1958 which was the.median year of death for these
workers. In addition, a control group matched for date of birth and sex

was chosen from a local population registry.

Of the 1092 employees, 248 deaths were observed. Thirteen deaths due to
asbestosis were observed for the cohort and none in the controls. Twen=:y

one lung cancers were observed in the worker cohort versus 13 in the control
group. The most significant cancer risk was observed in those with ten

or more years of exposure. These atthors adjusted lung cancer rates for
smoking habits and concluded that a non-smoking asbestos worker had a re-
lative risk of 1.4 whereas the smoking asbestos worker had a relative risk of

17.0. No cases of mesothelioma were reported.
All of the above epidemiological studies of workers exposed to fitrous tremolite

or anthophyllite have demonstrated an excess risk of koth preumcconiosis ard

lung and pleural cancer. No evidence of an excessive risk of mesothelioma
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among such exposed workers has yet been demonstrated; however, an excessive
incidence of pleural changes including pleural calcifications have been ob-

served in chest films.
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CONCLUSIONS AND RECOMMENDATIONS
Results of the present industrial hygiene study show numerous operations
in both the number one mine and mill to have excessive exposures to air-
borne fibers. Analyses of both bulk talcs samples and airborne dust samples
by analytical electron microscopy have shown that a majority of these fibers
are asbestiform tremoclite and anthophyllite. Based on these studies and on
exhaustive review of the epidemiological literature concerning health effects
of such exposures, it is concluded that immediate corrective actions to re-
duce exposures must be taken as recommended in the Progress Repor: issued
on May 25, 1976. Specific actions include the following:

1. Mine ventilation should be evaluated with consideraticns for
increasing air volume and distribution. Water sprays should be
installed at the ore pbckets.

2. During the present study, numerous leaks were observed at material
traﬁsfer éoints within the mill. More emphasis should be placed
on maintaining ecquirment in proper Qorking order.

3. At the packing stations, ventilation improvements are needed.

Local exhaust hoods at these machines are located too far from
the filling spout to be effective. Hood designs at these machines
should be further evaluated. 1In addition, bursting bags at these
stations are a significant source of exposure; therefore, use of
bags with a greater bursting strength should be considered.

4. Until ventilation and work practice improvements are made and
asbestos fiber exposures reduced to acceptable levels, employees
should be provided with respiratory protection as specified in

the OSEA asbestcs standard. (8)
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5. all provisions for medical exaninations specified in the

OSHA asbestos standard(8) should be followed.

The asbestiform mineral content of products from the numkber one mine and
mill make it imperative that these talcs ke labeled with the OSHA warning

label. (8)
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MINERAL PRODL T
SAFETY DATA SRET

NOTE: Exposure to al! arborne mineral dusts 15 subject to OSHA regulations in accorgance with Section 1910 93 of the Occupancnal Health anc
Safety Admimistration Stancarc as pubhshed in the Federal Remister of October 18. 1972, starirg on page 22139

SECTION|

TRADE NAME AND SYNONYMS T X [T 3X, [T 5X, IT FT, IT 325, IT 625 Industrial Tale

MINERAL FAMILY

Hydrous Silicates

CHEMICAL COMPOSITION Complex hydrous calcium magnesium silicates

SECTION il INGREDIENTS

MATERIAL -, RANGE
Tale 20 - 40 _|
Non-gsbestiform tremolite and/or anthoohyllite 40 - 60
Serpentine 20 - 30
Quartz - : - 1-5

SECTION 1l PHYSICAL DATA

CoLCR ) White SPECIFIC GRAVITY (H,0=1) +2.8

APPEARANCE Powder

OTHER PROPERTIES

MATERIAL SECTION IV HEALTH HAZARD DATA .y
Tale 20 Moac?
Non-asbestiform tremolite and anthophyllite 20 Mppcf
Serpentine ' 50 Mpncf
Quartz 30mg./cu.m. — % Quartz + 2

SECTION V SPECIAL PRECAUTIONS

PRECAUTICNS TO S TA«EM IN HANDLING AND STOR'NG

Avoid breathing dust. Use respirater if TLV's exceeded.

DATE: QA ECR EURT=ER " S0 2 a0
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NOTE Exposure to all arborne mirierat dusts 1s subject to OSHA regulations in accordance with Section 1910 93 of the Occupatcral Health ana
Safety Administration Standarag as pubksned in the Feceral Register of Ocioper 18. 1972, starting on page 22139

SECTION |
TRADE NAME aND SYNONYMS [T X [T 3X, IT 5X, IT FT, IT 325, IT 625 Industrial Tale
MINERAL FaMILY Hydrous Silicates
CHEMICAL COMPOSITION Complex hydrous calcium magnesium silicates
— SECTION Il INGREDIENTS R
Tale 20 - 40 _|
Non-gsbestiform tremolite and/or anthophyllite 40 - 60
Serpentine 20 - 30
Quaortz ' - 1 -5

SECTION I1li PHYSICAL DATA

coLoR . White SPECIFIC GRAVITY H>0=1) +2.8

APPEARANCE Powder-

OTHER PAQPERTIES

SECTION IV HEALTH HAZARD DATA

MATER!IAL *TLV
Tale 20 Mppe?
Non-asbestiform tremolite and anthophyllite 20 Mppcf
Serpentine _ 50 Mppecf
Quartz 30mg./cu.m. — % Quartz + 2
SECTION V SPECIAL PRECAUTIONS i

PRECAUTICNS TO 8E TAKEN IN HANOLING ANO STORING
Avoid breathing dust. Use respirator if TLV's exceeded.

oate: May 1, 1975 OVES FOR FUATHER mEL=wAT In
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NOTE: Exposure to ail arborme mineral dusts 1s subject to OSHA regulations in accordance with Section 1910.93 of the Occupalioral Heaith and

Safely Adminmistration Standard as pubiushec in the Federai Register of Octcber 18, 1972, starting on page 22139.

_ SECTION|
TRADE NAME AND SYNONYMS IT FIBER No. 1, IT Fiber 6N Industricl Fibrous Tale
MINERAL FAMILY Hydrous silicates
CHEMICAL COMPOSITION Complex hydrous calcium magnesium silicates

— SECTION Il INGREDIENTS v RANGE
chestiform tale ond/or aenestifarm anthaphy!lite 20 - 40
Tele - non-asbestiform 5-15
Nen-asbestiform tremolite and/cr anthophyllite 40 - 60
Quarz 1 -5
Serpentine 10 < 20
SECTICN Ill PHYSICAL DATA
COLOR White SPECIFIC GRAVITY (:0=1) 2.7
APPEARANCE Fibrous
OTHER PROPERTIES
MATERIAL SECTION IV HEALTH HAZARD DATA * 1Ly

5 fibers/cc>5um. in length

Asbestiform tclc ond ashestiform anthophvllite
Tolc - non-csbestiform - 20 Meocef
Non-gsbestiform tremolite cnd anthoohyllite e 20 Mooce?
Serpentine _ ' 30 Moocf
Quertz 30 mg./cu.m. = % Quartz + 2
SECTION V SPECIAL PRECAUTIONS
PRECAUTIONS TC BE TAKEN IN HANCLING AND STORING
Avoid brecthing dust. Use respirator if TLV's exceeded.
GVER FOR FURTHCR (NSoRAT

OATE. May 1, 1975

This infarmation is furmshad solely for the purpcse of disclasure regarding heatth hazard and shail not be used or reed upon by any person !or any Siner pL’sIsE
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NOTE: Exposure to all arbome mineral dusts is subject to OSHA regulations in accordance with Section 1910.93 of the Occupaticral Healtn ard
Salety Acruristrat.on Stancard as published in the Federal Register of October 18, 1972, starting on page 22139.

SECTION i
TRADE NAME 2ND SYNONYMS MQULDENE, [T FIBER No. 2 Industrial Fibrous Talc
MINERAL FAMILY HXdI‘OUS s” iccfes
CHEMICAL COMPOSTION  Complex hydrous calcium magnesium silicates
. SECTION Il INGREDIENTS . BanaE
| Asbestiform tzle and/cr ashestiform anthophyllite 40 - 60
Talc - non~-asbestiform 5-15
Non-asbestiform tremolite and/or anthoohyllite 30 - 40
Quariz 1-5
Sersentine 5-10
SECTION Il PHYSICAL DATA
CcCcLOR Whife SPECIFIC GRAVITY {H:0=1) +2.7
APPTARANCE Fibrous
OTHER PACPEATIES
MATERIAL SECTION IV HEALTH HAZARD DATA 1Ly
Asbestiform talc and asbestiform anthophyllite 5 fibers/cc>5um. in length
Tale ~ non-asbestiform . 2(_3 Mpocf
Non-asbestiform 20 Mppcf
Serpentine 50 Mppct
Quersz 30 ma./cu.m. = Querz + 2
SECTION V SPECIAL PRECAUTIONS
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING
Avoid kreathing dust. Use resoirator if TLV's exceeded.

OATE. May 1, 1975

This information is furmshed solery for the purpose cf disciosure reqgarcing heaith hazard and shai! not be used or relied upon by any person for any &
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NOTE: Exposure to all airbome muneral dusls is subject to OSHA regulations 1n accordance with Section 1910.93 of the Occupational Health a~d
Safety Agministration Standard as pudhshed in the Federal Register of October 18, 1972. starung on page 22133,

SECTION |
TRADE NAME AND SYNONYMS YT AL 99, NYTAL 100, NYTAL 100HR Industrial Talc
MINERAL FAMILY Hydrous siliccfes
'CHEMICAL COMPOSITION Comolex hydrous calcium magnesium silicates
MATERIAL SECTION Il INGREDIENTS v, RANGE
Talc . 20 - 3¢
Non-asbestiform tremolite and/or enthophyllite 50 - 70
Serpentine 20 - 20
Quartz . 1-5
SECTION il PHYSICAL DATA
COLOR White SPECIFIC GRAVITY (H:0=1) 2.8
APPEARANCE Powder
OTHER SACPEATES
MATERIAL SECTION IV HEALTH HAZARD DATA * 1y
Tale 20 Mpocf
Non=-asbestiform tremolite and anthoohyllite 20 Mopcf
Serpentine 50 Mopcf
Quertz 30mg./cu.m. — % Quartz + 2
SECTION V SPECIAL PRECAUTIONS .
PRECAUTIONS TO 8E TAKEN IN FANDLING AND STORING
Avoid breathing dust. Use respirctor if TLV's exceeded.

PATE: May 1, 1975

This intarmaton 1s furmshed solely fcr the purpose of disciosure regarding hea'th hazasd and small nct be usec or relieq ugon by any perscn lor any grher purocse
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MINERAL PRCDUCT
SAFETY D2 Ti SFEET

NOTE- Exposure lo all airbome mineral dusts 1s subject to OSHA regulations in accordance writh Section 1910 93 of the Occupational Healtk ang
Safety Administration Stancars as cubiished in the Federal Register of October 18. 1972, starting on page 22139

SECTION |
TRADE NAME AND SYNONYMS — NIYTAL 200, NYTAL 300, NYTAL 400 Industrial Tale
MINERAL FAMILY HydrOUs 5” icctes
CHEMICAL COMPOSITION Complex hydrous calcium magnesium silicates
N SECTION Il INGREDIENTS . PANGSE
Talc 20 - 40
Non-asbestiform tremolite cnd/cr anthoohyllite 40 - 60
Serpentine 20 - 30
Quartz , 1-5
SECTION lil PHYSICAL DATA
COLOR White SPECIFIC GRAVITY (H:0=1) +2.8
APPEARANCE PQ\,‘Jde_r
CTHER PRQOPERTIES
MATEZRIAL SECTION IV HEALTH HAZARD DATA 1Ly
Tale _ 20 Moocf
Non=-asbestiform tremolite and anthophyllite 20 Mppcf
Serpentine . 50 Mpocf
Quortz 30mg./cu.m. == % Guartz + 2
SECTION V SPECIAL PRECAUTICNS .
PRECAUTIONS TO 35 TAXEN IN HANDLING aND STORING
Avoid breathing dust, Use ressirator if TLVY's exceeded, .
DATE Mcy 1 ’ ]975 . OVER ECR FURTHFR IMNECALAT.O.

Thrs infarmatron 1s furmsneg saiely for e curpose of disclosure regarcing heai’h pazard and shail net be used or reied upon by any devson for any other purscse
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NOTE. Exposure fo all airbome mineral dusts 1s subject to OSHA regulaticns in accordance with Sectcr 1910 93 of the Occucatiora Health arz
Safety Agrministranen Stancard as pubished in the Federal Register of Ociober 18, 1972, starting on page 22139

SECTION |
TRADE NALE AND SYNONYMS  CERAMITALC 10AC, CERAMITALC HDT Industrial Talc
MINERAL FamiLy Hydrous silicates
CHEMICAL COMPOSTION Complex hydrous calcium megnesium silicgtes
MATERIAL SECTION Il INGREDIENTS oy RANGE
Tale 20 - 30
Non=cshectiform tre~o'ite and/or antheohvllite 50 =79
Serpentine 20 - 30
‘Quartz ) 1-5
SECTION Il PHYSICAL DATA
COLOR Wh?fe SPECIFIC SRAVITY (H-O=1 2.8
APPZARANCE Powder
OTHzZR PaC=EaTES
MATERIA: SECTION IV HEALTH HAZARD DATA *_,
Tale 20 Mooef
Non-asbestiform tremolite and anthoshyllite 20 Mppcf
Serbenfine 50 Mppcf
Quartz 30 mg./cu.m. = % Queriz + 2
SECTION V SPECIAL PRECAUTIONS .
PRECAUTIONS TO 22 TAKEN IN HANDLING aND STORING
Avoid breathing dust. Use resoirator if TLV's exceeded.
DATE: May 1, 1975 OVER FOB FURTHER Momra-.

This informanon 15 turmished sciety “or e purpose cf Cisclasure reqarcing heaith nazare anc snail mo! 22 used or rened uDSA Dy AnV CESCR ‘o any o'mer fursosa
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NOTE. Exposure to ail arporne minerat dusts i1s subject to OSHA regulations in accordance with Sectren 1910.93 of the Occucatznal Mealth and

Safety Administration Standard as cubhished in the Federal Regester of October 18, 1972, staring on page 22139.

SECTION |

TRADE NAME AND SYRONYMS CERAMITALC No. 1, CERAMITALC 10-A, IT 3X  Industrial Talc

N o
MINERAL FAMILY Hydrous Silicates

"CHEMICAL COMPOSITION

Complex hydrous caleium magnesium silicates

SECTION [l INGREDIENTS

MATERIAL *, RANGE
Tale 20 - 40
Non=-asbestiform tremolite and/or anthoshyllite 40 - 60
Serpentine 20 - 30
Quartz 1 -5
SECTION Il PHYSICAL DATA
COLOR . White SPECIFIC GRAVITY (H;0=1) +2.8
APPEARANCE Powder
OTHER BA0PEATEES
MATERIAL SECTION IV HEALTH HAZARD DATA 1y
Tale 20 Mopoef
Non=-asbestiform tremolite and anthoohyllite 20 Mopecf
Serpentine 50 Mppcf
Quartz 30 mg./cu.m. = % Quortz + 2

SECTION V SPECIAL PRECAUTIONS

PRECALTIONS TO BE TA«EN .N RANILING AND STORING

Avoid brecthira dust. Use resoirctor if TLV's exceeded.

-

DATE QVER FOR FURTREI INTCENL ATION

1975

Thrs mfcrma)’on 15 furmished sotery for the purpose of aisciasure reqarding hearnth hazard anc skall not be used or rehed uDon by any person !or any ot~er nurpose
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BEST AVAILABLE CORY

APPENDIX II

Results of Individual Air Samples
And Summary Statistics for
NIOSH Industrial Hygiene Study
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INTRODUCTION

As a part of ongoing research by the National Institute for Occupational
Safety and Health (NICSH) concerning health effects of occupational exposures
to talc and as recuested by the Occupational Safety and Health Administratior,
seven bulk talcs produced by the R.T. Vanderbilt were analyzed for asbestos
content. These talcs were obtained from independent talc suppliers anéd have
been "certified" by Vanderbilt not to contain asbestos. Samples were aralysed
for asbestos content by analytical electron microscopy. The following para-
grapnhs describe sample preparation and analytical methods employed along with

results.



METHODS

Given in Table 1 are descriptive data for the 7 talcs cbtained and analyzed

including source and NIOSH sample number assigned.

Samples for transmission electron microscopic analyses were prepared by dis-
persing the powder samples in ethyl acetate by ultrasoneration. Approximately
10 mg of each powder was placed in 10-20 ml. of ethyl acetate followed by
vigorous ultrasoneration for 10-15 minutes using a cell disrupter. Samples

were prepared using a micro capillary tube to place a drop of the solution

onto 200 mesh Formvar/carbon substrate copper electron microscope grids. The
ethyl acetate was allowed to evaporate in a laboratory clean hood. If neces-
sary, an additional drop of the solution was used to insure sufficient material
for efficient analysis by electron microscopy. Blank grids were prepared in the

same manner as the samples.

Samples were analyzed by first scanning the entire grid at low magnification

to ascertain the suitability of the preparation for analysis. At a magnifica-
tion of approximately 17,000X, all particles with an aspect ratio (length to
diameter) of 3 to 1 or greater were identified using both selected area

electron diffraction and energy dispersive microchemical analysis for fiber
identification. A total of 25 to 50 individual fibers were so analyzed for

each sample. A JEOL, JEM 100B transmission/scanning electron microscope
equipped with an EDAX energy dispersive x-ray analyzer was used for all analyses.
Electron micrographs of typical fibers along with their diffraction patterns

and x-ray spectrum were recorded for each sample.
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Table 1

Sources of R.T. Vanderbilt Talcs Produced at
the Gouverneur Talc Ccmparnry, Number Cne Mine
and Mill and Obtained from Suppliers

Product Name Source . NIOSH
8§
Nytal 300 Crone Chemical o0l
- P.O. Box 14042
Nytal 400 Houston, Texas 77021 002
5X Q03
325 004
Paul Crazier Company
X 1115 silver Ss<. Cos
Houston, Texas 770C7
PT . : Q06
ax _ 07




RESULTS AND DISCUSSICN

Results of all analyses are shown in Table 2 and typical micrographs of
fibers in these samples along with electron diffraction patterns and x-ray
spectra are shown in the Appendix. Based on their selected area electron
diffraction patterns, fibers were classified as positive amphiboles,
positive chrysotile, non-asbestos or "ambiguous" meaning that the pattern
was not sufficiently clear for positive identification. The energy dis-
persive x=-ray spectra were used to classify the amphiboles as to type

and for further confirmation of chrysotile identification by electron

diffraction.

As shown in Table 2, results of these analyses show all talcs analyzed to
be of essentially the same fiber composition. The major fiber component is
asbestiform anthophyllite, ranging from 67 to 88% of the fibers present in
addition to fibrous tremolite (4 to 12%). Aspect ratios for these fibers
ranged up to 1000 to 1, with the longer, thinner fibers being anthophyllite.
Trace quantities of chrysotile were found in two of the samples. Chrysotile
fibers observed were small in diameter (< 0.1 um) and short in length (most

< 1.0 um).
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CONCLUSIONS

Using present "state-of-the art" techniques for asbestos fiber analyses,
all 7 talcs analyzed demonstrated large gquantities of asbestiform tremolite
and anthophyllite to present. Only trace quantities of chrysotile were
detected in 2 of the 7 talcs. Based on these analyses, all talcs analyzed

should be labeled with the OSHA asbestos warning label.



APPENDIX

Electron Micrographs, Electron Diffraction Patterns and
X-Ray Specta for Typical Fibers in R.T. Vanderbilt Talcs.
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Mr. John Dement

NIOSH Room 527

Post Office Building
Fifth and Walnut Street
Cincinnati, Ohio 45202

Dear Mr. Dement:

This report covers the results of analyses of seven NYTAL samples; 400, 3X, X,
FT, 300, 325 and 5X.

The seven samples were analyzed quantitatively for three varieties of asbestos
minerals - chrysotile, anthophyllite and tremclite and also for quartz. Ana-
lytical techniques included polarized optical microscopy, x-ray diffraction,
transmission electron microscopy and scanning electron microscopy with energy
dispersive analytical systems.

Quantitative determinations by x-ray diffraction of the four minerals in ques-
tion were made by comparison with dilution standards of these minerals. A
uniform method of back mounting in which the sample is remounted and re-run four
times at identical instrumental settings over diagnostic reflections has been
shown to be reproducible and accurate. Quantitation of these minerals was also
done by x-ray diffraction in the step-scan, fixed count mode.

Integrated intensities for diagnostic x-ray reflections were measured using both
the back-mounting and step-scan techniques. When referred to calibration curves
prepared by each technique, the NYTAL unknowns showed agreement, averaging about
10% standard error. The results are as follows:

SERPENTINE TREMOLITE ANTHOPHYLLITE QUARTZ
PHASE
% % % %
NYTAL 400 14-18 24 . 2-3 7-10
"3 31-35 32 not detected 7-8
"X 26-30 50-60 not determined 9-10 T\ 7
" FT 26-30 17 not detected not detg@iéd _
" 300 ' 14-18 18 4-5 9-10/= Ay |\
" 32 19-23 24 5-7 34 {7 e
"X 14-18 27 79 _ g-9

—
v

Because of the large amounts of tremolite (50-60%) present in sample X aqthophyl-_\\
lite could not be quantitatively determined by x-ray diffraction. Howevér miengs
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Mr. John Dement

chemical analysis of fibers on the SEM shows that anthophyllite is present. X-ray
diffraction indicated the presence of serpentine phases in all samples, but the
specific mineral species of this group which includes chrysotile, antigorite and
lizardite, could not be positively identified although the latter most closely
fitted the x-ray patterns. Examination by TEM and SEM with energy dispersive
analysis system confirmed that virtually all of the sperpentine phase consists

of lizardite. Chrysotile was detected by electron microscopy in the samples.

(See accompanying photomicrographs).

The samples were prepared for analysis by transmission electron microscopy by

means of a technique which did not alter the size distributiin of particles. Two
squares from three EM grids were scanned at 25,000x magnification on a Hitachi

HU 125 microscope. Fibrous particles were abundant in all seven samples. Morphol=-
ogical and crystal cleavage characteristics indicated the presence of amphiboles.
This was verified by observing a typical layer-type selected area electron diffrac-
tion pattern on the fibrous particles. The layer line distance normal to the

long fiber axis was consistently observed to be 5.3A, which is characteristic of
the c-axis repeat of amphiboles. These particles were defined as amphibole and
their location on a grid facsimile recorded. The specimens were transferred to

a scanning electron microscope (CWIKSCAN) equipped with an energy dispersive x=-ray
spectrometer. The amphibole particles were analyzed by point count and were found
to fall into two general morphological-chemical types of populations which permits
them to be defined as different mineral species. The long, thin fibers (aspect
ratio 10/1 or more) showed Si/Mg in ratios consistent with anthophyllite composi-
tion. These fibers contained little or mo iron. Short prismatic fibers with
aspect ratios from about 3/1 to 5/1 contained Si/Ca/Mg proportions consistent

with tremolite. No iron was found in tremolite.

fﬁs fully submitted,
\ .\AQ

Arthur N. Rohl, Ph.D.
Environmental Sciences Laboratory

ANR:sl
Enc.
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EXAMINATION OF SEVEN TALCS FROM THE GOUVERNEUR DISTRICT, NEW YORK

SUMMARY

An extensive examination has been carried out of seven talcs submitted
by the National Institute of Occupational Safety and Health, _to determine their
asbestos content. These talcs all originated from the Gouverneur District of New
York State and were identified by number code in the series 83775-83761.

Examination was carried out by a combination of light microscopy,
using both polarized light and dispersion staining, %-ray diffraction, and elcc.ron

microscopy combining electron diffraction and elemental analysis.

The results of the examination showed the presence of asbestiform
amphibole in all seven samples. The amounts of the total amphibole and of the
fibrous amphibole differed between the various samples. In all cases the principal
asbestiform amphibole was identified as tremolite, but this was of a low calcium

variety, containing approximately 2-3% calcium.

In Sample 83757, x-ray diffraction examination suggested that a small
percentage of anthophyllite was also present. Examination by light microscopy,
however, could not conclusively differentiate between anthophyllite and tremolite
in this sample. The identification of tremolite rather than a calcium bearing
anthophyllite in all samples was based on the extinction angle, observed under

crossed polars, of the fibrous amphibole.

walter ¢. mccrone associates, inC.



INTRODUCTION
The National Institute of Occupational Safety and Health is currently
sponsoring a study of occupationally related disease in the talc industry. As part
of this study, Walter C. McCrone Associates, Inc., has been contracted to
study and characterize the raw talc ores. The present work is related to this
. major program and is concerned with a study of seven specific samples from the

Gouverneur talc ore body.

Material and Method of Con&ucting Tests

Seven talc samples were submitted to Walter C. McCrone Associates,
by John Dement of NIOSH. These samples were identified by numbers running
in sequence from 83755~83761. No indication was given of the sample location
within the Gouverneur talc body. The samples were examined by light microscopy,.
using both polarized light and dis'persion staining, x-ray diffraction, and
transmission electron m.icroscopy combined with electron diffraction and

elemenial analysis.

Light microscopy

Permanent mounts were prepared for all seven samples, using
Aroclor 5442 as a mounting medium. These preparations were examined under
partially uncrossed polars to obtain a general indication of the mineral types
present together with their shapes and sizes. Samples for examination by
dispersion staining were prepared using Cargille high dispersion refractive index
liquids with n values of 1.550 and 1.605. The lower refractive index was used to
examine the serpentine content of the talcs; the higher value was chosen to enable
identification of the amphiboie present. Examination by dispersion staining was

at 2 magnification of approximately 200X in plane polarized light.

X-ray diffraction

For x-ray di{fraction examination, samples of the powders were
packed into aluminum cup holders and placed in the Norelco diffractometer. The
samples were rotated around an axis perpendicular to the axis of the diffractometer

which was scanned through a 26 range from approximately 6° to approximately

35 walter ¢. mccrone associates, inc.



60° with a scanning speed of 1° per minute and a chart speed of 1/2 inch per
minute. Cu radiation, nickel filtered, was used at an accelerating voltage
of 42 kV, and a current of 25 milliamps. The quartz content of the samples

~ was determined by step scanning through the 3. 35 A line for quartz and com-

paring the resulting data with that for "spiked'' standards of quartz in talc.
The step increment was 0.01°, 26 with a counting time per step of 50 secs.,

an 8 sec. time constant and a chart speed of 1/8 inch per minute.

Electron microscopy

For electron microscopic exa.mination samples of the powder were
suspended in isopropanol and lightly ultrasonerated. A drop of this suspension
was placed on carbon coated Nylon grids. Examination of the samples was
carried out in a2 combined electron-microscope_a-microprobe-analyzer, EMMA-IV,
The samples were examined and photographed at several different magnifications,
eléctron diffraction patterns were obtained from typical fibers present and energy

dispersive x-ray analysis was performed on these fibers.

RESULTS

1) Light microsconv

The following general statements can be made:

All the samples contained a serpentine which, on the basis of dispersion
staining and morphology, has been identified as lizardite. Chrysotile (the
asbestiform variety of serpentine) and antigorite were not detected.

All the samples contain tremolite identified by dispersion staining and
polarized light microscopy and, although it would be possible to miss a .small
percentage of anthophyllite particles,since most anthophyllites give nearly the
same dispersion staining colors as tremolite, appreciuble amounts of anthophyllite
would not be missed because a significant number of particles would lie in the
proper orientation for positive identification. With the exception of an occasional
particle in Sample 83757, all the particles which showed the tremolite/
a.ntliophyllite dispersion colors showed oblique extinction under crossed polars

(y*c = 17-18°), thus identifying them as tremolite.

135 _ 5. Wwadltercmecrone associates, inC.



All samples contain tale in a form which looks like fibers. These
give typical talc colors by dispersion staining. The nﬂajority of these talc {ibers

are apparently long talc rods. These talc fibers are especially long in Sample 83754.

Mpst samples are believed to contain a little quartz on the basis of
the light microscopical examination. It is difficult to put an accurate value to
the amount of quartz present, since it is extremely difficult to distinguish between
quartz and lizardite under dispersion staining conditions.

A c;;léulé:ﬁ-c;n of the ﬁéfcéntage of a.mphibo'le present and of the portion
of this amphibole which was fibrous was made as follows. First the portion by
volume of the total tremolite present as fibers was estimated takiﬁg cognizance of
both particle size and nummbers present. Subsequently, 30 fields in each sample
were examined in detail and the percentage by area of the total particle area
occupied by amphii-ole parﬁcies was estimated.

Table 1 summarizes the observations made by light microséopy.

X-ray diffraction

All samples showed the presence of tale, an amphibole and a
serpentine. Inconclusive evidence of quartz was detected by x-ray cdiffraction
on the normal scan. By step scanning, however, low levels of quartz were found.
The quartz data are presented in Table 2 and Figure 1.

The serpentine minerals are difficult to distinguish from each other
by x--ray diffraction. A paper by Mu::npton1 indicates certain lines which may
be used to distinguish the three serpentine polymorphs provided that the samples
are relatively monominerallic, Specifically, Mumpton mentions that lizardite is
characterized by a strong doublet at 1.531 A. This doublct has indeed been
observed on our x-ray diffraction trace, thereby confirming the light microscopical

identification of lizardite by dispersion staining.

1 Characterization of chrysotile asbestos and other members of the serpentine
group of minerals, Sicmens review XLI (1874) Tth special issue, X-ray and
Electron Microscopy News.
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Table I
Summary of Light Microscopical Data

N—:ﬂg '1235’ 3K 235 X F =Y

r > v

Sample 83755 83756 837517 83758 83759 83760 83761

Total tremolite

(% of sample by .
area) 25-30 15-20 20-25 25-30 25-30 15-20 2530

Fibrous tremolite
(estimated % by
vol. of total

tremolite) 5 25 8-10 5 1 25 10
Quartz + . possible . + + -? . +? +?
Serpentine - + ? ' - +? + probable probable
Talc "fibers"
. (rolls, shards etc.) + + + + +(long) -+ +

Comments : large large small

tremolite particle particle

plates  size size

-5 - 126



Table I

Tremolite and Quantity Content of Talc Samples

-sample 83755 83756 83757 83758 83759 83760
e e e e — —
Quartz
Content** 2% 1/2-1% ~11/2% ~11/2% <1/2% below
: ‘ detection

’ limit
Coatent ,
tremolite 40-50% 50-60%*? 40-50%* ‘~60% >50-60%* 50-60%

83761

1/2-1%

40-50%

** Step scanning data.

=

Indicates possible anthophyllite present in additicn to tremolite.

G

D



This leaves only thc amphibole to be characterized in all seven
samples. The primary amphibole observed is tremolite. The diffraction
lines observed arc consistent with ASTM Card 13437 for tremolite and with

.published data for tremolites from the Gouvernecur district. In one sample,
however, Sample 83757, a distinct side peak on the tremolite 8.410 line is
observed and it is believed that this side peak is due to the presence of some
anthophyllite. Less distinct evidence of this side penk is also present on
Sample 83756 and possibly also 83759 (see Figures 2-8 for a comparison of
the 6°-12°, 28 range on these samples). As is clear from these figures, in
addition to the side peak attributed to anthophyllite there is considerable
variation in the ratio of talc to amphibole in these samples. An attempt to
quantitate this relationship in terms of percentage of amphibole present is also
given in Table 2. - '

Electron microsconical examination

Electron microscopical examination showed that all seven samples
contaLin substantial amounts of fibrous material. This was highest in Sample
83757 a_nd lowest for Samples 83756 and 837G61. Several typical electron micro-
graphs showing general areas of the samples are appended to this report
(Figures 9-17). The electron microscopical examination concentrated on the
fibrous material and an attempt was made to estimate how much of this material
was in fact asbestiform, that is, a fibrous amphibole as distinct from the fiber
forms of talc consisting of ribbons, shards, rolls, etc. This examination was
conducted both by electron diffraction and by elemental analysis using energy
dispersive x-ray. The results of these examinations are summarized in Table 3,
the estimated percentages being based on occluded area. Some typical electron
micrographs, diffraction patterns and energy dispersive x-ray spectra are
appended. In none of these fibers examined was there a particularly high per-
centage of calcium noted; howéver, calcium was observed at the level of the

order of 1-3% in all the amphibole fibers examined. The only conclusion vhich
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Table IIT
Electron Microscopical Estimates of Fiber Content

Sample 83755 83756 83757 83758 83759 83760 83761
Total fibers ~10% ~10% ~40% ~30%. ~5-10% ~20% '~ 10%

Fibrous amphi-
bole (as % of
total sample) <5% <5% 15-20% 10-15% <5% ‘~5% <5%

——

—




Table IV

Overall Data Summary

Sample 83755 83756 83757 83758 83759 83760 83761
Total fibersTEM) 10% 10% 40% 30% 5-10%  20% 10%
Amphibole fibersl

(TEM) <5% <5% 15-20% 10-15%  <5% 5% <5%
Total amphi~- i :

bole? (XRD) 40-50% 50-60% 40-50% ~60% >50% 50-60% 40-50%
Total amphi-'

boled (LM) 25-30% 15-20% 20-25% 25-30% 25-30% 15-20% 25-30%)
Fibrous am-

phibole? (LM) 1-2% 3-5% 1-3% 1-2% <1/2% 3-5% 2-3%
Serpeutinez’ 5

XRD) 10-15% 10-15% 10-12% 10-12% ~15% ~20% ~30%
S.S. X=-RD) 2% 1/2-1% ~11/2% ~11/2% <1/2% B.D. L. 1/2-1%
NOTES:

1. Based on occluded area

2. Estimated weight percentage

3. Based on occluded area

4. Derived from estimated % of total amphibole which was fibrous.

3. ldentified as lizardite by light microscopy
6. S.S. XRD = Step scanning x-ray dilfraction

142
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can be drawn from the electron diffraction and energy dispersive x-ray analysis
is that one has a fibrous amphibole of the tremolite or anthophyllite type. Itis
generally not possible to distinguish between tremolite and anthophyvllite by electran
diffraction and one would therefore be tempted to suggest that the fibers were
anthophyllite with a trace amount of calcium. Taken in conjunction with the light
microscopical examination, however, during which a diligent search was made,
particularly on Sample 83757, for fibers which might be anthophyllite rather
than tremolite, one is forced to the conclusion that, rather than being a calcium
bearing anthophyillite, the fibers are in fact 2 low calcium tremolite. The aspect
ratios of many of the fibers observed are quite high and numerous fibers, such
as those shown in Figures 20, 22, 24 and 30 showed the classic {ibrous structure
of the asbestos minerals. There is no doubt in our minds that these are indeed
a._sbestos fibers rather than cleavage fragments of a more massive amphibole.
Massive forms of the amphibole are, however, present and the fibrous amphibole

content represents only a fraction of the total amphibole content of the samples.

CONCLUSIONS

Table 4 summarizes the results of all the investigations which we
have carried out. In answer to the specific question, ""Do these particular talc
samples contain any asbestos minerals?'", the answer must be an unequivocal
yes. The asbestos mineral present appears to be a low calcium tremolite and is
deﬁﬁitely asbestiform by any definition of the word. The asbestos content in the
samples varies from less than 5% to approximately 20%, based on occluded areas
observed in the transmission electron microscope.

Respectfully submitted,

Letptd nl b 08 ol

Ralph J. Hinch, Jr. Lucy B. McCrone
Research Chemist Senior Rescarch Scientist
A
[ty font 1St
ichard J. Shimps Ian M. Stewart
Research Chemist Manager, Electron Optics Group
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FIGURES 1 THROUGH 40

EXAMINATION OF TALCS FROM

GOUVERNEUR DISTRICT — NEW YORK



Figure 1 Step scanning data for quartz

- -75
J% 7 < - —-
~ L —, -7 :
~ =70 - ] :
...... = — =6 ¢
= el s )
7 t‘-‘- T -?Ld: ;1_&.53, “_ — - -
- fn . o | - I
| L .
Sample 83755 (001) Talc (a -SiOz—) Sample 83736 (002) Talc (a —Si02+)
— ~ - =75
JggL_—.ﬂb N
) 2 -0
: -,7? = e
B - - -G0S
= —T— &5 o
_ T o ‘ —— " .0
Z0. S5 : --5 - 265 2 7
Samplé 83757 (003) Talc (a -SiOz+) Sample 83758 (004) Talc (a -SiOz+)
_:‘ J 7.7: - —-/-:
: - To . : =72
- - ’7 _:65 - : _ ;-‘:é.\'
-' — . co ; a2
2¢.55 ¢ : A =
ay

Sample 83759 (005) Talc (a -Si02+)

Sample 83761 (007) Talc (a —SiOz+)

wdlter c. mccrone associates, inc.



Figures 2-8 6°-12° range of 26 for Samples 83755-83761
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