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ABSTRAC~ 

A industrial hygiene study was undertaken at the Gouverneur Talc Company, 

nuuber one mine and mill, during November 3-7, 1975. S~ples were collected 

to evaluate exposures to respirable dust, free silica and asbestos fibers. I~ 

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 labora~ories 

concluded that asbestifo~ minerals (tremolite and anthophyllite) were pre-

sent. Time-weighted-average fiber exposures in mine and mill operations were 

found to range from 1.7 to 9.8 fibers> 5 urn/cc and time-weighted-average re­

spirable dust exposures were found to range from 0.25 to 2.96 mg/m3• No free 

silica exposures were found to exceed the NIOSH recommended standard of 50 u;/ 

m3• Electron microscopic analyses of the airborne dusts showed 38 to 45\ of 

airborne fibers to be anthophyllite with lesser quantities (12 to 19\) af 

tremolite. More than 90\ of the airborne fibers were shorter ~~an 5 urn in leng~~. 

A review of historic exposure data of these operations and epidemiological 

data concerning health effects of exposures to tremolite and ar.thophyllite 

are included in addition to recommendations for workplace improvements to 

reduce exposures. 
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INTRODUCTION 

The term "talc" in the mineralogical sense denotes a specific rockforr.ling 

mineral of ~~e sheet silicate category [M96 (Si8020 ) (OH)4 Ji however, 

"talc" in the industrial sense may represent a varied mixture of minerals 

with similar physical properties as talc. (1) unfortunately, many past studies 

of the health effects of industrial talc exposures have not adequately i~den­

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

The National Institute for Occupational Safety and Health (NIOSH) has 

underway an industrywide study of the talc mining and milling ind~stry. 

These studies include both epidemiological studies of exposed worker 

populatio~s to determine health effects which ~4Y be attributed to ~~e 

work enviroru:tent and detailed industrial hygiene studies to character,ize 

the various agents to which these workers have been exposed. 

The "talc" mining area in the vicinity of St. Lawrence County, New York, 

represents a complex association of amphiboles (anthophyllite, tremolite, 

etc.) talc, quartz, and serpentines. (1) Proportional mortality studies by 

Kleinfeld et.al. (2,3) of talc miners and millers in this area have d~.on­

strated significantly increased mortality due to both malignant and non­

malignant respiratory diseases. Also, NIOSH analyses of talcs (Ny tal 200) 

certified 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 s~­

stantially with each depositi some containing asbestos while o~~ers do no~. 

One study(16) has suggested differe~ces in toxicity among 'these minerals. 

1 



Those questioning these.studies base their arguments on the definition of 

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

than mineralogical fiber identification. In order to resolve the question 

concerning the toxicity of these talcs, it was decided that NIOSE would 

conduct epidemiological mortality, morbidity, and industrial hygiene studies 

of the Gouverneur Talc Co. which produces Ny tal 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. 

Air samples were collected to eva~uate 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 ~~y 25, 1976 which demcn­

strated exposures to asbestiform minerals to exceed current OSHA and ~~SA 

standards. This final report contains a description of facilities studied, 

sampling and analytical methods employed, sample results and conclusions and 

recommendations for workplace improva~ents to help protect employee health 

at this and other facilities using these or similar products. 
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DESCRIPTION OF THE FACILITIES 

R.T. Vanderbilt began talc operations at the Gouverneur Talc Company in 

1947 with one mine (#1) and one mill (#1). In 1974, the Vanderbilt Corporation 

acquired all talc operations 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 fibrous 

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

The total employment at all R.T. Vanderbilt New York talc operatior.s at the 

time of the present study was approximately L70 persons. These are broken 

down as follows: 

41 
13 

- 67 

Underground -
Open pit 
Mills 
Salaried - 49 

170 

Employees of these operations are represented by Local #4979 of United Steel 

Workers which organized in these talc operations in 1954. All operations 

were on a 5~ day per week schedule with the mine operating only d~ing 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 Apper.dix I. These talcs are used 

in numerour products. Some typical uses are as follows: 
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1. Ceramic wall tile 

2. Pottery artware 

3. Electrical insulators 

4. Ceramic tile glaze and flux 

S. Paint filler and carrier for extenders 

6. Putties and spackling compounds 

7. Die castings (fibrous grades) 
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DESCRIPTION OF OPERATIONS AND CONTROLS 

GOtlVERNEUR TALC CO. MINE AND MILL (#1 MINE, ARNOLD PIT AND #l MIL:") 

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. 

Ore (muck) from the stoping areas is loaded into 2 ton rail cars using 

either gravity drawpoint loading 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 head frame 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 mi~e. 

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. 
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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 loader is used to load ore into 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 pi~ 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 quality 

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 silos. 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 filling technique patented by R.T. Vanderbilt. 

Material from these silos is withdrawn by air slides and p~ped to the 

packaging and shipping areas. 
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FIGURE 1 

GOUVERNEUR TALC COMP &'{'i. INC. 

SIMPLIFIED FLOW SHEET 

Underground Grades of ore 

Under Crusher 

(Minus 4" Ma terial) 

Main Shaft - 6 Ton Skip 
:; 

Hoisting Cafacity - 90 Tons per hour 

Surface Gyratory Crusher 
:; 

(Minus lll! Material) 

Belt Conveyor to Mill 
:; 

Automatic Sampler* 
:; 

4 Wet Ore Bins - Capacity-90 Tons each 
:; 

Fine Crushing and Drying Circuit 
:; 

(Minus 12 Mesh Material) 
... 

5 D Ore Silos - Ca Tons Each 

Pebble Mill Grinding Circuit* 

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

Air Se arators ~ Coarsel.Y Ground 
Material ... 

Fluid Energy· Grinding Circuit* 

14 Fluid Energy Mills using 
heated compressed air 

1-
Finished Product 

1-
Total Capacity of Grinding 

1-
Vibratin\ Screens 

Finished Product 
01-

Circuits is 600 Tons per day 
... 

Vibrating Screen 
iO 

(To remove tramp material) 
01-

(To remove tramp material) 
... 

Low Pressure Air Conveying System Low Pressure Air Conveying System 

(Note -

:;: 
Alpine Classifying Circuit* 

:;: 
4 - Mikroplex 800 units 

... 
L.P. Air Conveying System 

:;: 
All finished product silos filled from bottom 
for·better mixing of silo contents) 

1-
6 Vinished Product Silos 2 Finished Product Silos 5 Finished Product Silos 

Capacity - 90 to 400 
Tons each 

* ~ Sampling Point 

+ 400 Tons each Capacity 70 to 1500 
Tons each + 

Low Pressure Air Conveying Sys tems + 
1-

Bag Packing Plant Hopper Cars* 
for bulk shipments 

50 flb. multi wall bags 
Track Scales 

Box Cars* Trucks* 
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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 

bucket elevators and conveyors are maintained under negative pressure. 

At the bagging machines, local exhaust ventilation is provided at ~~e 

filling spout in addition to downdraft ventilation at ~~e bag hopper. 

For bulk car loading, the telescopic loading 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 Arnold Pit were being labeled 

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

OTHER MINES AND MILLS 

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 wi~, ~,e 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 #1 mine and are 

being further improved. 

8 



MEDICAL, INDUSTRIAL HYGIENE AND SAFETY PROGFA.'1S 

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 examination, 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 by Union and Plant 

personnel in addition to monthly safety meetings. Personnel protective 

equipment presently used in the mine includes hard hats, mine lights, 

personnel rescuers, safety glasses, and safety boots all of which are pro­

vided by the Company. In 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 Division of Industrial Hygiene and 

the Mining Enforcement and Safety Administration (MESA). 
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INSPECTION OF MINE AND MILL OPERATIONS 

POTENTIAL HEALTH HAZARDS 

The follo~ing are potential health hazards noted during this visit: 

1. Respiratory exposures to mineral dusts (fibrous and 

non-fibrous tremolite and anthophyllite, talc, serpentine, 

quartz, etc.) in mining and milling operations. 

2. Excessive noise exposures in selected plant operations. 

3. Exposures to blasting 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. 
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STUDY METHODS 

BULK SAMPLE COLLECTION AND ANALYSIS 

Bulk samples of products being proauced ana bagged during the industrial 

hygiene study were collected for laboratory mineralogical assay. In addition, 

seven talc samples produced at this mine and mill were collectea 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 NICSH and inae­

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 ana electron microscopy. 

These same samples were also analyzed by NIOSH for the presence of asbesti­

form fibers by electron microscopy using electron diffraction and 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 absorption spectroscopy (after acid digestion). 

In addition to the above analyses, several products produced at the n~~er 

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

chemical composition by Dr. D.R. Bowes of the Department of Geology, ~~e 
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Table 1 

Sources of R.T. Vanderbilt Tales Produced at 
the Gouverneur Talc Company, Number One Mine 

and Mill and Obtained from Suppliers 

Product Name Source 

Ny tal 300 Crone Chemical 
P.O. Box 14042 

Ny tal 400 Houston, Texas 77021 

SX 

325 
Paul Crazier Company 

X 1115 Silver St. 
Houston, Texas 77007 

FT 

3X 

12 

NIOSH 
# 

001 

002 

003 

004 

005 

006 

007 



University of Glasgow. For these analyses, Dr. Bowes used spectrophotometry 

determinations. Atomic absorption analysis was used for Mno, MgO and CaO. 

Flame photometry was used for Na
2

0 and K20 and wet chemical assay was used for 

FeO. (10) 

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. Personal 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 rnm nylon cycone separators. 

Samples for asbestos fiber analysis were collected on open faced 37 rnm diameter 

Millipore Type AA filters (0.8 ~m 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. (5) All asbestos samples 

were analyzed using the NIOSH phase contrast counting technique. (6) In 

addition, a representative portion of ~~e asbestos samples were rando~ly 

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 me~~ods described 

by Ortiz. (9) 
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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 techniques. Breathing zone impir.ger 

samples were collected in ethyl alcohol at a flow rate of 0.1 cfm wi~~ 

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 (lOOX). 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 concentrations, 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 rom diameter polyvinyl chloride 

filters (pre-weighed). The respirable samples were collected using 

stainless steel cyclone and free silica analyses of the respirable dust 

performed using x-ray diffraction. (5) Asbestos count samples were collected 

and analyzed as described above for personal samples. 
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STUDY RESULTS 

BULK SANPLE 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 mOSH are given in Volu .. ne 

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 r~gher quartz content for each sample 

reported by Mt. Sinai. NIOSH analyses tend to support the lower 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 nct 

fibrous. Anthophyllite fibers wi~~ very large aspect ratios (1000/1) were 

observed. A close association between talc and tremolite has been demon­

strated by Stemple and Brindley. (15) 

Results of further x-ray diffraction and petrographic microscopic ana:yses 

(McCrone) of product samples collected during the study are shown in Table 

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

Table 2. As can be seen in Table 5, all trace metals for which analyses were 

performed, with the exception of iron and manganese, were essentially absent. 

only insignificant quantities of iron and manganese were detected. 
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Results of major element analyses by Or. Bowes are shown in Table 6. The 

high cao content of these talcs correlates reasonably well wi~~ the observed 

high tremolite content. Other carbonates except traces of calcite are abse~t 

or negligible in these talcs as demonstrated by low C02 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 talcs in ~~is area. 

Ross et.al. also suggested that an additional manganese-rich ~phibole, 

tirodite, may be found in trace quantities in these deposits. Also, ~~e 

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

no manganese-rich amphiboles were detected by the electron microscope analyses 

using selected area electron diffraction and microchemical analysis. 

20 



~ * **
 

T
ab

le
 

6 

R
e
su

lt
s 

o
f 

M
aj

or
 

E
le

m
en

t 
A

n
al

y
se

s 
o

f 
G

o
u

v
er

n
eu

r:
 

T
al

c 
C

om
pa

ny
, 

N
um

be
r 

O
ne

 
M

il
l,

 
P

ro
d

u
ct

 S
am

pl
es

* 

S
am

pl
e 

A
n

al
y

se
s,

 
i. 

B
y 

W
ei

gh
t*

 

M
aj

or
 

N
y 
ta

l 
N

y 
ta

l 
N

y 
ta

l 
C

er
am

i t
a
lc

 
C

er
am

it
al

c 
C

er
am

i t
a
lc

 
C

er
am

i t
a
lc

 
E

le
m

en
t 

10
0 

20
0 

40
0 

I 
lO

A
 

lO
A

C
 

HO
T 

S1
02

 
5

4
.8

5
 

5
4

.5
2

 
5

6
.1

1
 

5
6

.1
4

 
52

.B
1 

5
2

.4
7

 
5

5
.4

7
 

T
10

2 
0

.0
4

 
0

.1
5

 
0

.0
1

 
0

.0
3

 
0

.0
8

 
0

.0
4

 
0

.0
7

 

A
12

03
 

0
.3

8
 

0
.3

2
 

0
.1

3
 

0
.1

3
 

0
.1

6
 

0
.1

1
 

0
.1

3
 

F
e2

03
 

0
.1

0
 

0
.1

3
 

0
.0

8
 

0
.1

1
 

0
.0

8
 

0
.0

6
 

0
.1

1
 

Fe
O

 
0

.0
4

 
0

.0
3

 
0

.0
5

 
0

.0
3

 
0

.0
3

 
0

.0
1

 
0

.0
3

 

M
nO

 
0

.2
1

 
0

.2
0

 
0

.2
2

 
0

.1
5

 
0

.1
2

 
0

.1
0

 
0

.1
2

 

M
gO

 
2

8
.4

0
 

2
8

.7
8

 
2

9
.4

0
 

2
9

.5
6

 
3

0
.2

0
 

3
0

.5
6

 
2

9
.1

0
 

C
aO

 
9

.0
2

 
B

.5
3

 
7

.5
0

 
7

.4
0

 
B

.1
5

 
B

.3
0

 
8

.2
5

 

N
a2

0 
0

.2
8

 
0

.4
4

 
0

.1
8

 
0

.2
5

 
0

.3
8

 
0

.1
6

 
0

.1
8

 

K
20

 
0

.1
0

 
0

.1
7

 
0

.1
0

 
0

.1
0

 
0

.1
0

 
0

.1
0

 
0

.1
3

 

P
20

5 
0

.0
3

 
0

.0
3

 
0

.0
3

 
0

.0
3

 
0

.0
3

 
0

.0
3

 
0

.0
3

 

H
2O

 
5

.3
1

 
5

.0
7

 
5

.0
0

 
5

.5
6

 
6

.0
7

 
6

.6
7

 
5

.2
4

 

CO
2 

1
. 3

5 
1

.]
 5

 
1

.0
3

 
0

.9
6

 
1

. 
)0

 
0

.9
8

 
0

.8
4

 
.
-

T
o

ta
l 

1
0

0
.1

7
 

9
9

.5
2

 
j 

9
9

.9
0

 
10

0.
1.

5 
9

9
.5

1
 

9
9

.5
9

 
9

9
.5

9
 

--
-

S
am

pl
es

 
su

b
m

it
te

d
 

to
 N

IO
SH

 
by

 
R

.T
. 

V
a
n

d
e
rb

il
t,

 
A

n
al

y
se

s 
p

er
fo

rm
ed

 b
y 

D
r.

 
D

.R
. 

B
ow

es
, 

U
n

iv
e
rs

it
y

 o
f 

G
la

sg
ow

. 

Fr
om

 
ta

lc
 

st
an

d
ar

d
 
an

al
y

se
s 

in
 

re
fe

re
n

c
e
 

1
0

. 

T
al

c 
S

td
s*

*
 

6
1

.4
9

 

0
.0

1
 

1
.2

0
 

0
.3

8
 

1
.0

7
 

0
.0

0
 

3
0

.5
4

 

0
.4

6
 

-- -- -- 5
.0

0
 

5
.0

0
 I 



AIR SAMPLES 

A brief description of each job, sampling and analytical methods used, re­

sults of all individual samples and appropriate s~ry statistics are 

shown in Appendix II. Jobs are identified by 4 digit job 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 exposures ranged 

from 0.25 to 2.96 mg/m3. No respirable dust standard has been determined for 

the mineral talc or talc containing 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 being 

observed in the mine. The present OSHA and MESA standard for "talc" contain­

ing < 1% free silica and no asbestos fibers is 20 mppcf.(8) 

Cue to its fiber content, the occupational asbestos exposure standarc 

must be applied to exposures to materials from these mining and milling 

operations. Time-weighted-average asbestos fiber exposures in excess of 

five fibers> 5 ~m/cc were observed for the following job categories: 

(1) Mine Crusher Operator 

(2) TramI:ler 

(3) Mine Cageman 
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I 

Table 7 

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

Job Job Title Asbestos Resp. Mass 
mg/m3 

Impinger 
Code fibers> 5 llm/cc mppcf 

(Optical Microscopy) 

0102 Crusher Operator 9.8 ( 4) -- --

0103 Trammer 5.6 (25) 0.64 (3) 10.1 

0104 Scrapper Man -- 1.29 (3) 11. 8 

0105 Underground Laborer -- 0.58 (1) --, 

0106 Driller 3.0 (5) 0.98 (3) 00.7 
• 

0114 Mucker -- - 15.8 

0115 Cageman 9.5 (5) 0.23 ( 1) 2.0 

0301 . Repairman -- 1.14 ( 1) --

0302 Repairman's Helper -- 0.86 ( 1) 3.6 

0303 Blacksmith 2.6 (3) -- --

0304 Maintenance Mechanic 1.7 (12) 0.42 ( 1) 1.5 

( ) = Number of samples used for calculation of time-weighted-average 
values for each job catagory. Samples for respirable mass and 
free Si0 2 were full shift samples. 

23 

(3) 

(5) 

(1) 

(1) 

(1) 

(1) 

(1) 

Free Si02 
mg/m3 

--

0.020 (3) 

0.012 (3) 

0.006 ( 2) 

0.014 (2) 

--

--

--

0.000 ( 1) 

--

I 0.000 (1) 
I 



Table 8 

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

Job Job Title Asbestos Resp. Mass Impinger 
mg/m3 Code fibers > 5 ~m/cc 

(Optical Microscopy) 

0201 Mill Foreman 5.3 (9) 0.58 ( 2) 

0203 General Laborer 5.6 ( 5) 1.14 (1) 

0204 Crusher Operator 5.1 ( 16) 0.85 (2) 

0206 Hardinge Operator 7.9 ( 14) 1.09 ( 2) 

0208 1·Jheeler Opera tor 8.4 (14) 1. 56 ( 2) 

0209 Packer 5.1 ( 48) 0.59 (9) 

0211 Packer 5ervicelnan 3.6 (ll) 0.42 ( 2) 

0212 Packhouse Forerr.an 1.5 (5) 0.25 ( 2) I 
0213 For:( Lift Operator 4.0 (15) 0.35 (3) 

021L: Car Liner 3.4 (4) 0.31 ( 1) 

0220 Bulk Car Loader 2.0 (3) 0.25 (1) 

0401 Milhrright 1.9 (3) 2.37 ( 2) 

0402 Instrument Repairman 2.8 (6) 0.59 ( 2) 

0403 Machinist 1.8 (3) 0.40 (1) 

0405 Millwright Helper 4.0 ( 2) 2.96 ( 1) 

0406 Sheet Metal Worker 1.7 (3) 0.50 ( 1) 

0410 Oiler 4.0 ( 4) 0.72 (1) 

04ll 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 5i02 were full shift samples. 
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mppcf 

2.9 ( 2) 

0.5 (1) 

2.6 (4) 

3.4 (2) 

3.1 ( 2) 

3.6 ( 6) 

2.1 (1) 

--
1.6 ( 2) 

--
--
--
--
--
--
--
--
--

Free Si02 
mg/m3 

0.013 ( 2) 

0.014 (1) 
I 

0.020 ( 2) ! 

I 0.012 ( 1) 

0.012 (1) 

0.010 (7) 

0.007 ( 2) 

0.014 ( 2) 

0.000 (1) 

0.000 (1) 

0.016 (1) 

0.040 ( 2) 

0.000 (1) 

0.016 (1) 

0.000 ( 1) 

0.013 ( 1) 

0.016 (1) 



(4 ) Mill Foreman 

(5) Mill Lal:lorer 

(6) Crusher Operator 

(7) Hardinge Operator 

(8) Wheeler Operator 

(9) Packer 

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

exposures exceeding the current OSHA standard of 2.0 fibers> 5 ~m/cc(8) and 

all operations exceeded the OSHA proposed standard of 0.5 fibers> 5 ~m/ 

cc. (12) 

The following job catagories had exposures in excess of the OSHA and MESA 

allowable ceiling value of 10 fibers> 5 ~m/cc: 

(1) Mine Crushers Operator 

(2) Trammer 

( 3 ) Mine cageman 

(4) Mill Foreman 

(5) Mill Laborer 

(6) Crushers Operator 

(7) Hardinge Operator 

(8) Wheeler Operator 

(9) Packer 

Individual sample results, as determined by electron microscopy, are showr. 

in Table 9 and time-weighted-average fiber concentrations by job are shown 

in Table 14 of Appendix II. In 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 fibers/ 

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 samples 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. In 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 t.he air samples 

is consistent with the results of bulk sample analyses by Mt. Sinai and 

NIOSH where trace quantities of chrysotile were noted in some samples. All 

chrysotile fibers observed in the air samples were less than 1 ~m 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 11 and 12 wit.h 

appropriate summary s~atistics. 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 and 0.13 ~m were observed for tremolite 

and anthophyllite, respectively. In the mine, median fiber leng~~s of 1.6 

~ for tremolite and 1.5 ~m for an~~ophyllite were observed. Similar lengths 
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Sample , 
G194 

G156 

G149 

e237 

G240 

G223 

G04 

G42 

G9S 

G146 

G77 

G3S 

GlOl 

Cl2 

Gl44 

G02 

G96 

C47 

GS5 

GlO 

G1l3 
-

G05 

e3l 

G197 

GISO 

G197 

Table 9 

Comp:lrtson of Optical and Electron ~11.croscopic Fibl.!r 
Concentrations. Gyuvcrn~ur T:llc Conlpany. Number One ~linl..' .:lIlU Hi 11 

Fibers/cc 
Job Job Title Ell'ctron ~Ii~'ro!"copv Code Post. Asbcstus* Total Fibers ,\ 11 :-5\J1II 

0103 TrC1Jlllllcr 20.2 42.1 1.2 

.0103 Trammer 22.6 29.8 5.9 

0103 Trammer '13.2 27.S 2.4 

0103 Trammer 8.9 19.1 2.0 

0.06 Driller 9.5 14.4 .. 1.3 

0115 Cageman 17.5 30.3 2.2 

0201 Mill Foreman lS.4 2S.8 5.S 

0201 Mill Foreman 33.7 70.0 7.0 

0203 General I..lborer 36.6 64.9 9.3 

0203 General Laborer 9.0 14.9 1.3 

0204 Crusher Operator 9.0 45.5 2.S 

0204 Crusher OperCltor 15.6 27.2 4.4 

0206 Hardinge Operator 102.7 lS9.5 6.2 

0206 Hardinge Operator 33.6 51. 5 4.2 

0208 Wheeler Operator lS.2 3J.. B 4.1 

020S Wheeler Operator 25.5 37.4 4.0 

0209 Packer 31. 9 57.5 4.8 

0209 Packer 41.8 73.5 B.5 

0211 Packer Serviceman 7.3 11. 6 0.5 

0211 PaCker Serviceman 26.7 34.7 4.4 

0212 Packhouse Forem:ln 13.6 lB.4 1.4 

0212 Packhouse Foreman 16.2 28.4 5.7 

0213 Fork Lift OperCltor 36.0 71.9 B.7 

0304 Maintenance MechClnic 16.7 26.6 1.7 

0403 M.:lchinist 24.9 42.5 3.6 

0411 Welder 9.9 14.6 2.1 

* Includes only those givinS identir1~ble ele~~ron dirfr~ct1on pCltterns; 
therefore, represents 3 conserv.:ltively low estimClte. 
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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 

Mill 12 45 2 2 

* 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 x-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. 
Fiber Type Diameter Deviation Interval for 

~m Median Diameter 
lJm 

Mine* 
Tremo1ite (N=83) 0.19 2.3 0.16-0.23 
Anthophyllite (N=164) 0.l3 2.4 0.12-0.15 

Mill* 
Tremo1ite (N=160) 0.19 2.4 0.17-0.22 
Anthophyllite (N=687) 0.13 2.9 0.12-0.14 

* Results of all samples combined for distribution analysis. 

N = Number of individual fibers analyzed. 
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Table 12 

Summary of Airborne Fiber Lengths for Positive Amphiboles 
Gouverneur Talc Company, Number One Xine and Mill 

Operation and Median Geo. Std. 95% Conf. 
Fiber Type Length Deviation Interval for 

~m Median Length 
~m 

Mine* 
Tremolite (N=83) 1.6 1.8 1.4-1. 8 
Anthophyllite (N=164) 1.5 2.6 1.3-1. 7 

Mill* 
Tremolite (N=160) 1.5 1.9 1. 4-1. 7 
Anthophyllite (N=687) 1.4 2.9 1. 3-1.5 

* Results of all sampl~s 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 ~m 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 ratios 

greater than this value. 

Typical electron photomicrographs of airborne particulates from ~~e 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. 
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Table 13 

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

Aspect Ratio Tremolite* Anthophylli te* 
Measurement Mine Mill ~ine I 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% 52% -
< 20/1 96% 96% 85% 88% -
< 50/1 >99% >99% 99% >99% -

Data shown are for all fiber lengths 

-'"' 



COMPARISON OF SAMPUNG AND ANALYTICAL l-".ETHODS 

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/mymPPcf 0.22 0.12-0.29 

fibers > 5 ~m/c0esp. dust mg/m3 6.7 3.1-11.9 

fibers > 5 ~m/ccf.PPcf 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 regression analysis of 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> 5 ~m/cJl'esp. dust, mg/m3 = 6.3 

38 
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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 mppcf Fibers > S~m/cc 

1 2.44 0.88 3.5 4.L.. 
(N=l) (N=l) (N=12) (N=3)·· 

2 1. 47 0.36 3.0 4.3 
(N=l) (N=l) (N=5) (N=3) 

3 8.81 2.14 7.2 6.7 
(N=l) (N=l) (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 to 8.5. 

These results are consistent with those shown in Table 14 for the stationary 

mill samples. 

A comparison was also made between time-weight ed-average fiber exposures 

(fibers > 5 ~m/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 ~m/c~pPCf) of 0.5 

was obtained for mine samples whereas a median ratio of 1.7 was octained 

for" the mill. These differences are statistically significant (p<O.OOl). 

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. In addition, 

finer dust 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> 5 ~m by optical microscopy is shown in Figure 8. These 

data were found to be highly scattered with no consistent correlation. These 

data are summarized in Table 16 and show a significantly different ratio 

of total fibers by electron microscopy to fibers > 5 ~m by optical microscopy 

between mine and mill samples although no single predictive values can be 

estimated. 
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Table 15 

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

Ratio (fibers > 5 um/ cc/mppcf) 
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/c~OPt. fiber > 5 \.Im/ 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. 
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CO~~~SON OF PRESENT AND 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 ~/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 s~ples were taken in any given year and the representativeness 

of these samples is unknown. 

For visual inspection of trends in dust concentrations, average values for 

mine and mill operations by year were calculated and are shown in Figures 

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

-
in dust concentrations when all mine operations are considered. On the o~~er 

hand, the mine exposures for such operations as drilling, dragline loading, 

tramming and mucking show relatively consistent exposure levels over ~~e 

years with only slight deviations. This might be expected as wet drilling 

has been a routine practice. In addition, ores being mined are relatively 

wet. Primary crushing and hoist loading operations show somewhat of a de-

creasing trend. Such controls as water sprays for dust suppression at ~~e 

primary crusher are the most probable explaination for this trend. 
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A greater trend for decreasing dust concentrations in mill operations 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 operation-s have improved 

with time. 

As shown in Table 18, fiber exposure measurements have only been made since 

1970. Results of the NIOSH 1975 survey tend to show a reduc~ion in fiber 

exposure when contrasted with earlier data for most operations. 

Radon daughter measurements have been made in ~~e 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) 
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DISCUSSION 

Results of the present industrial hygiene study and past surveys demon­

strate significant exposures to airborne fibers in both mine and mill 

operations at this facility. Electron microscopic analyses of bo~~ 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. (17) By any reasonable mineralogical or physiological de­

finition of "fiber", one must consider tremolite and anthophyllite fibers in 

these talcs to be asbestiform. 

More than four decades have elapsed since 'the first epide:!liological data 

were published demonstrating adverse health effects of tremolite talc ex­

posure. In 1933, Dreessen(lB) published the results of a chest x-ray study 

of 57 workers engaged in the mining and milling of talcs 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" tre.':101ite 

in two Georgia talc mines and mills were reported by Dreessen and Dalla 

Valle in 1935. (19) A total of 66 workers were given physical examinations 

and chest x-rays of which 19 were exposed for more than 10 years with on~y 

2 having 20 or more years of exposure. Twenty two of these workers de­

monstrated pneumoconiosis with varying severity. Approximately half of 

the mill workers exposed to an average dust concentration of 300 mppcf 
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were diagnosed as having pneumoconiosis 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 pneumoconiosis in all cases with 4 cases in advanced 

stages causing these authors to conclude that the lung changes were per­

manent. 

Additional case studies of New York tremolite talc workers were reported by 

Porro et.al. (20) Fifteen pneumoconiosis deaths in talc workers were studied in 

addition to 5 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 roentgenological findings among New York 

talc workers in addition to an assessment of their exposures. These talcs 

were described as containing fibrous tremolite and an~~ophyllite and less 

than 1\ free Si02• 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 employment de­

monstrated an incidence of fibrosis of 29.9\ whereas those employed for more 

than 30 years had a fibrosis incidence of 74\. ~~s 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 ~~at seen among asbes~os workers. 
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The 32 cases of pneumoconiosis identified by Siegal et.al. (21,22) were 

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 dea~~ 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, REC, wac, Diff Count). 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 blood 

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. (25) 

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 (fibrous) 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 bo~~ types 

of talc were capable of producing pulmonary fibrous although the tre~olite 

(fibrous) variety was more pathogenic. In addition, these investigators 

stated that no cases of fibrosis was found in millers of either talc varie~y 

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 co~parisons, including 

lung function, between the St. Lawrence and Lewis County New York cohorts 

described above. Thirty workers exposed to fibrous and 13 exposed to non­

fibrous talcs were given chest x-rays and pulmonary f~,ction tests. Dyspnea 

was present in 16 of 30 workers in the fibrous talc exposed gro~p and 6 of 

13 in the non-fibrous talc exposed group. Abnormal auscultatory findings 

(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 pu~onary infiltration as seen in chest fi~s was 13 of 30 for the fibrous 

group and 3 of 13 for ~~e non-fibrous group. Both gro~ps showed pulmonary 

function changes with 4 of 13 workers in the group exposed to non-fibrous talc 

and 14 of 30 workers in the group exposed to fibro~s talc showing significar.~ly 

reduced vital capacity. Exposures to both groups were considerably i~ excess 

of 20 mppcf. 

Several additional studies of lung function have been conducted ~ong talc 

workers in New York State. (26,27,29) Kleinfeld et.al. (26) studied the l~,g 

function of sixteen·tr~olite talc workers who r~,ged from 39 to 69 years 

of age (mean age 54.8 years). All had been exposed to talc dust in ~illing 

operations for 10 or ~ore years and had no previous occupational dust 
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exposures. The clinical examinations showed 14 of ~,e 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 pulmonary infiltration was 

noted in the chest x-rays of all workers studied and cardiac enlargement 

was noted in 5 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 lur.g 

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 p~r 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 talc workers and 41 controls of similar 

age and smoking history. In the talc cohort, 29 had dyspnea versus or.ly 2 

in the control population. Eleven talc workers gave a history of cr~onic 

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

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

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

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

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 symptons among miners and ~illers 

at the Gouverneur ~alc Company, number one ~ine and mill has been reported 

by Kleinfeld et.al. (16) Thirty nine workers with a mean exposure of 16.2 

years (range 11-22 years) were studied ir. addition to 41 controls who lived 
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in the same geographic area ar.d who were of the s~e sex and ~ean age but 

having no occupational dust exposure. Dyspnea was present in 23.1\ of the 

talc workers versus 7.3% for controls)a finding similar to that seen i~ 

anthophyllite asbestos workers. (33) One worker studied was said to have 

radiologic findings compatible with pneumoconiosis whereas no cases were 

found among controls. These authors suggested that talc containing tremo:ite 

and anthophyllite may be less fibrogenic than chrysotile or ~~osite asbestos 

at similar exposure levels and exposure duration; however, these autroors did 

not preclude the possible existance of pneumoconiosis ~ong ~~ese wor~ers as 

no lung function studies were conducted. 

Although ~~e above studies have demonstrated the presence of pne~.oconiosis 

among tremolite talc miners in New York, these study designs were insensitive 

for detection of carcinogenic risks. However, ~NO retrospective proportional 

mortality studies have demonstrated an increased risk of cancer of the lur.g 

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 minL~urn of 15 

years of exposure between 1940 and 1965. Among this cohort tr.ere were 91 

deaths of which 10 (11%) were due to malignacies of the lung or pleura 

whereas only 2.9 (3.2\) were expected. In addition, 28 dea~~s were due to 

pneumoconiosis or its complications. One of the respirator! cancers was a 

fibrosarcoma of the pleura. 

In a subsequent follow-up study, Kleinfeld et.al. (2) extended the observaticn of 

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 dea~~s (12%) were 

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

nine deaths were due to pne~~oconiosis or its complications. These authors 

analyzed mortality patterns by 5 year intervals between 1940 and 1969 

and concluded that ~~e respiratory cancer risk approached expected values 

after the period 1960-64. The validity of this conclusion ~ust be 

questioned as an analysis of mortality in relation to cancer latency was 

not undertaken. In addition, the limitations of proportior.a1 mortality 

studies in the presence of an elevated pneumoconiosis risk are ~ow well 

MO~. 

An excess cancer risk has been d~onstrated among workers exposed to 

anthophyllite asbestos. (30,31,32) Kiviluoto and Meurman(30) studied 1,092 

anthophyllite asbestos workers who had worked for more than 3 months 

between 1936 and 1967 and compared cause specific mortality with rates 

for Finland. In addition, chest x-rays where read for 252 living workers. 

Twenty one lung cancers were observed whereas only 12 were expected whi=h 

was statistically significant. Thirteen of these lung cancer victL~s had 

been exposed less than 10 years and only one of these cases was ~~owr. to 

have asbestosis. No pleural or peritoneal mesotheliomas were observed. 

Nurminen(31) has also reported on the mortality experience of anthophyllite 

asbestos workers in Finland. This study included 1030 workers who had beer. 

employed for ~~ee months or more from 1936 to 1966 and followed until 1968. 

Expected cause specific deaths were calc~lated using Finland nationa: rates 

for 1951-1964. There were 224 deaths i~ this cohort whereas 2C4 were ex­

pected with a mean age at death of 53.4 years. Twenty five deaths (12%) 
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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<O.Ol). 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 Meurm~~ et.al.(32) A cohort 

of 1092 workers who had worked at least 3 months between Jan~ary 1936 and 

June 1967 was obtained from two mining operations; one of which proe~ced 

anthophyllite asbestos and ~~e other produced mainly tremolite talc. 

For calculation of expected age, cause speci=ic deaL~s, proportional rates 

for Finland were used for 1958 which was the.median year of death for these 

workers. In addition, a control group ~atched for date of bir~~ and sex 

was chosen from a local population registry. 

Of the 1092 employees, 248 deaths were observed. Thirteen deat~s due to 

asbestosis were observed for the cohort and none in ~~e controls. Twenty 

one lung cancers were observed in ~~e 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 a~thors adjusted lung cancer rates for 

smoking habits and concluded L~at a non-smoking asbestos worker had a re­

lative risk of 1.4 whereas the smoking asbestos worker had a relative r~sk of 

17.0. No cases of mesothelioma were reported. 

All of the above epidemiological studies of workers exposed to fibrous tra~olite 

or anthophyllite have denonstrated an excess risk of both pne~oconiosis ane 

lung and pleural cancer. No evidence of an excessive risk of meso~~eliorna 
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~ong such exposed worke~s has yet been demonstrated; however, an excessive 

incidence of pleural changes including pleural calcifications have been ob­

served in chest fiL~s. 
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CONCLUSIONS AND RECO~v~NDATIO~S 

Results of the present industrial hygiene s~udy 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 s~ples 

by analytical electron microscopy have shown that a majority of ~~ese f~ers 

are asbestiform tremolite 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 ~~e Progress Repor~ issued 

on May 25, 1976. Specific actions include the following: 

1. Mine ventilation should be evaluated with considerations for 

increasing air volume and distribution. Water sprays should be 

installed at the ore pockets. 

2. During the present study, n~erous leaks were observed a~ material 

transfer points within the mill. More emphasis should be placed 

on maintaining equipment in proper working order. 

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

Local exhaust hoods at these machines are located ~oo far fro~ 

the filling spout to be effective. Hood designs at these machines 

should be further evaluated. In addition, bursting bags at these 

stations are a significant source of exposure; therefore, use 0: 

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, a~ployees 

should be provided with respiratory protection as specified in 

~~e OS~~ asbestos standard. (8) 

60 



5. All provisions for medical exan~nations specified in the 

OSHA asbestos standard(8) should be followed. 

The asbestiform mineral content of products from the number one mine a~d 

mill make it imperative that these talcs be labeled with the OSHA war~i~q 

label. (8) 
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NOTE: Exposure to al: airborne mInerai dusts IS subject to OSHA regulations In accorOilnce wIth SectIon 191093 of :he OCCUDa"c~.~1 He;olth il~C: 
Safety Actmlnlslrallon Stancarc iiS ~t..:b"shed ,n the Federal Reglsler 01 Octaoer 18. 1972. sta~Ir,g on page 2:2 ~ 39 

SECTION I 

TRADE ~AME A>m SYNONYIAS IT X, IT 3X, IT 5X, IT FT, IT 325, IT 625 Industrial Talc 

MINERAL F,or..1IL v Hydrous Sil icates 

CHEMICAL COMPOSITION Complex hydrous calcium magnesium silicates 

" 

M:.TERIAL 
SECTION II INGREDIENTS 

O'~ ~ANGE 

Talc 20 -_4...0 __ 

Non -asbestiform hemol ite and/or anthoohvll ite 40 - 60 

Seroentine 20 - 30 

Quartz 1 - 5 

SECTION III PHYSICAL DATA 

COc.CR White S"'ECIf'!C G?AVITY IH,O=1) =2.8 
A",PEARANCE Powder 

OTHER PROPE::l-;-IES 

SECTION IV HEALTH HAZARD DATA * MATERIAL :LV 

Talc 20 Mopcf 

Non-asbestiform tremol ite and anthophyll ite 20 Mppcf 

Serpentine 50 Mp:)cf 

Quartz 30 ma ./cu. m. 
. 

% Quartz + 2 

SECTION V SPECIAL PRECAUTIONS . 
PRECAU:tCNS iO SE iA-:E'~ IN "''''NDltNG "'NO STOFl'NG 

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

DAT!:' May 1, 1975 O\E::l"CR~'-'<:;~-;:"i·.;::,=·"':'-,:', 

rl't,s I"fa~ar;on IS 'urr/Sf1!o so'=;','01 ~"e :Jurcose 01 ~Isc!cs..,;re .'e~ardl"·Q !'leal," '":a:at'd a,"'~ S"~;' ''lor t'e lJsed 0' rl!<'ed uOo~ bv ,:;,."v Ce'so'" '(,.r ~.,' .. C'''~r .~·=:!t' 



APPENDIX I 

Miner~l Product S~fety Dat~ Sheets 

For R.T. Vanderbilt Products 

(Supplied by R.T. Vanderbilt) 
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NOTE Exposure to all a:rtlorne mll",era} dusts IS sutlject to OSHA regulal'ons ,n accordilnce WI:r"I SectIon 191'09301 tr"le OccuOa!'cr,;11 Hei'llth ;1n~ 

Sarety AdmInIstratIon Stanc:1ara liS Cl.ltlhsned In Ihe Federal Re'],!'ter 01 Oc:ooer 18,1972, stanlng on cage 2:'~39 

SECTION I 

TRADE NAME A"<D SYNONYMS IT X, IT 3X, IT 5X, IT FT, IT 325, IT 625 Industrial Tolc 

MINEFIAL FAMilY Hydrous Sil icotes 

CHEMICAL COMPOSITION Complex hydrous calcium mognesium silicates 

MATEFlIAL 
SECTION II INGREDIENTS 

'0 FlANGE 

Talc 20 -_4..0 __ 
Ncn-asbec:tifcrm tremol ite and/or onthochvll ite 40 - 60 

Seroentine 20 - 30 

Quartz 1 - 5 

SECTION III PHYSICAL DATA 

COLO!:! White SPECIF!C ~RAV'iY iH,Q=1} I =2.8 
A;::PEARA"<CE Powder-

OTHER ;::=tQPE;:mES 

--
SECTION IV HEALTH HAZARD DATA * MATERIAL TLV 

Talc 20 Mppei 

Non-asbestiform tremol ite and anthophyll ita 20 Mppcf 

Serpentine 50 Mppcf 

Quartz 30 m~ .leu. m. 
. 

% Quartz + 2 

SECTION V SPECIAL PRECAUTIONS . 
PRECAUTIONS TO 9E TA'<EN IN HANDLING A"<D STOFl'NG 

Avoid breathing dust. Use respirator if TL V's exceeded. 

" 

OAT~' May 1, 1975 OVE" cOF'; cUq,,..,,,, ,~.o::.=·: .. ; ~ '. 

T",s Iniamar/Ol'P 's 'urr.ISI1'!(J SOirE',' I~ r"':e ou""ose of ~·5CICSL.·re :eQatO',"'O "eal:-' t-a:ard anr: S.,;:,11 nOf l.'e uSed C!' fi!"'ed I.ICCI'1 Ov oJ" .... Ce'SO" 'rv ~"':'" ~!~~,. .-X;"O:'!(.' 



3rt '. b· it,.. '_" ·f. ~> 

NOTE: Exposure to alf alrbome mineral dusts IS sublect to OSHA regulations In accordance witn See:lon 1910.93 of the Occucatlorat Heat:n and 
Safety Administration Standard as publlsneo In the Federal Register of OClCber le. 1972. starting on pa;e 22139. 

SECTION I 

TRADE NA~"E AND SYNONYMS IT FIBER No.1, IT Fiber 6N Industrial Fibrous Talc 

MINERAL. FAMIL. Y Hydrous sil icates 

CHEMICAL COMPOSITION Comolex hydrous calcium magnesium silicates 

-

MATERIAL. 
SECTION II INGREDIENTS 

'!'o FlANCE 

A~h~difM'" t~lc cl'~/cr ,.,o:-h",difnr,.., nnth..,,..,hvllite 20 - .dO 

i al c - non -osbestiform 5 - 15 

Ncn-asbestiform tremol ite and/ar anthophyll ite 40 - 60 

Quartz 1 - S 

Serpentine 10 ..: 20 

SECTION III PHYSICAL DATA 

COL.OR White SPECIFIC GRAVITY (i-,o=" :2.7 

A?P-~RA~CE Fibrous 

OTHER PROPERTIES 

. 
. 

.{ 

Mo1.TERIAL 
SECTION IV HEALTH HAZA~D DATA 

*TLV 
... ", 

is fibers/cc>5:.: m. A~be~tifnrm tolc cmd c~bestiform anthool,vll ite 
. 

in I encth 
: 

Tole - non-csbestiform . 20 Moccf 

Non-asbp.stiform tremol He c::d anthoch~11 ite . -
20 Mood ~ -

Seroentine 50 Mooef -
Quartz 30 mg ./cu.m. 

. 
% Quartz +2 

SECTION V SPECIAL PRECAUTIONS . 
PRECAUTIO:';S TC BE TAKE:'; IN HA~.DLlNG AND STOFlI~G 

Avo id b~ecth i ng dust. Use respirator if TLVls exceeded. 

. 
DATE. May 1, 1975 
ThIS inl",;!"atlon IS furnIshed solely /01 Cfle ourpOS6 01 dIsClosure regardrn. l1eal!.~ hazard and s.~a" not !ie IJS~ 01 reltea upon by any per.son lor a.c\' ~:ne! P' .. !~:Js~ 



..... --_ .... ~ ___ - - -r ___ ~ .. -:..: ... -... ·----= ... -------.111--~---· ... ~-~~ ...... _~ _"'_. _'p' _.00"'-. F','~ t _,.', - __ 0. _. 

r"---"'"--~' --'-..:;..-' -"';'~=-~l 
I 

~ll'lrRii Dr:;,(,',Ir'11 1
r, -I ~ rt ;: ", t I I:"":.. I I, '- ...I U V ; 

S"rrTV :--':',7,1 ('II·'.-,......! 
Mr t I I i....;~I·i;-1 ~~-;;::.:: 

"'"-...~.---- ---" -------

r 
) 

-,1-4 
• b ._ d'-. -'mb ). 'tznc b ~ , 

NOTE: Exposure:o all alrOorne mmeral dusts IS subject to OSHA regulations In accordance with Section 1910,93 Of the Occ1,;pattcral Healtn ar,d 
Salely AC:::r""rlstral,on SlanC:::ard as Dubllshed In the Federal Register of OClooer 18. 1972. stanln; on page 22139, 

SECTION I 

TRADE NA'-'E AND SYNONYMS MOULDENE
l IT FIBER No.2 Industrial Fibrous Tole 

MINEFlAL FAMIL Y Hydrous sfl icotes 

CHEMICAL COM~OS"ION Complex hydrous calcium magnesium silicates 

I.1A7;:RI:'L 
SECTION II INGREDIENTS 

0/
0 ~ANG= 

Acb .. ctifcrm t,,:l~ ond:.9r C!c~"'ctifcrm onthodwll ite 40 - 6() 

Tale - non-asbestiform 5 - 15 

Non-osbestiform tremol ite and/or onthochyllite 3"0 - 60 

Quartz 1 - 5 
Serpentine 5 -iO 

seCTION III PHYSICAL DATA 

CCL.OFl White SPECIFIC GFlAVITY ("'1:0=1) ±2.7 

"'''PEARANCE Fibrous 

OTHEF ""'C?E=i,IES 

MATEFlIAL 
SECTION IV HEALTH HAZARD DATA 

*TLV 

Asbesti7'orm tale ana asbestirorm anthophvllite .I 5 fibers/cc>51,.lm. in length, 

Talc - non-asbestirorm .' . 20 Mpocf 

Non-asbestiform 20 Mppcf 

Serpentine 50 Mpr'cf 

Qt:artz 30 mo.!cu.m. e'6 Ql:C~ + 2 

SECTION V SPECIAL PRECAUTIONS 

PREC).I,;TIONS T~ 6E T')'-<E,'J IN H;,o,;OL:NG ;'ND STORI~,G 

Avoid breathing dL:st. Use resoirator if TL ViS exceeded. 

DATE, Mey 1, 1975 -

This Infermat/on 1$ fum/Shed sole,y lor C'fe puroose Of a,sclosure re911fdrn9 heatrh hazara ana SNiI: not oe LIsee or '-el,ee LlOon lJy any Oer'SO,~ lor any Ol'e<- OU';)C'S~ 

71 
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NOTE: Exposure to all airborne minerai dusts is subject to OSHA regulations In accordance with Section 1910,93 of the Occupallonal Health a-,d 
Safety Aomlnlstratlon StandarO as puohshed In the Feoeral Regls:er of October 1 S. 1972. starting on page 22' 39, 

SECTION I 

TRADE NAI .. E AND SYNONYMS NYTAL' 99 NYT AL 100, NYT AL 100HR Industrial Tale 

MINERAL FAMll Y Hvd rous s iI i ca tes 

'CHEMICAL COMPOSIT:ON Como I ex hydrous calcium macnesium sil iC::Jtes 

MATERIAL SECTION II INGREDIENTS 
". RANGE 

Talc 20 - 30 

Non-asbestiform tremol ite and/or cnthophyll ite 50 - 70 

Seroentine 20 - 30 

QuartZ 1 - 5 

SECTION III PHYSICAL. DATA 

COLOR White SFECIFIC GRAVITY (!-i.e: 1 i 
~2 8 

APPEARANCE Powder 

OTHEi=I "'i=lO?ERT:ES 

MATERIAL SECTION IV HEAL.TH HAZARD DATA 
*nv 

Talc 20 Mpocf 

Non-asbestiform tremol ite and anthoehyll ite 20 Mopcf 

Serpentine 50 Moed 

Quartz 30 mo./cu.m. 
. nl Quartz 2 ,0 + 

SECTION V SPECIAL. PRECAUTIONS 

PREC .... UTIONS TO BE TA-<EN IN ,",AN~LING AND ST:)RI.'JG 

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

. 
DATE: May 1, 1975 - - -

TtIiS inlorma~on 'S "Jfnos,~ea SOlely ~cr "'e p:JrPOse 01 dlsciosure regarding "ea!~,~ Ilazard af''' s"sl: , .. ot oe usee: or reilea iJeon 0, an, perscf' lor any O~,~~, ;>':'.JC$S 



' __ -:'.' '. -, ........ 1".--:--.; '~'.I'!--=- ..., ...... - .. ~.- .. ' ....... -:. .......... . ----- ..... -.~~....-..:-- .-

(~(~( ~~,!~[pJfI G-~Lr\[t~(t{!rt~ 
1:~l~.~jt.; ~~ -·ii~i~]..:,'i~· "~~ ;!{( <~,~r~. R*8~~ .\>i~ &iE 
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MINER~.L PRODUCT 
SAFETY DAT~. s;~ EET: 

=---..------ -~-...--r' • --; a;;.I ... 
., Zrt .............. .-..: ". 

NOTE' Exoosure to all ,moome 'Tllneral dusls IS sublect to OSHA regulations In accordance with Section' 9'0 93 01 the Occ~oa!lonitl '"'eillir nne 
Salety Art~lnl!:'tratlon Standard itS :ubhsheo In the Fe':leral Register of October 18, 19i2. Slar.lng on page 22139 

SECTION I 

~ADE NAME AND SYNON"'1.~S NYTAL 200 NYT AL 300, NYT AL 400 Industrial T a Ie 
Mlr-;E"IA:' FAMIL '" Hydrous sil icates 

CHEMICAL COl.' POSITION Compl ex hydrous colcium magnesium si I icates 

MATE"IIA~ 
SECTION II INGREDIENTS 

·'0 PANG: 

Tnl!"' 20 - .dO 

Non-esbest iform tremol ite end/or anthochyll ite 40 - 60 

Seroentine 20 - 30 

Quertz 1 - 5 

SECTION III PHYSICAL DATA 

COLOP White SPECIFIC G"IAVITY (H,O=1) ±2.8 
AP"EAF'AI';C: 

Pl'"lw.-l~r 

orHEFI PROPE"I71:S 

: 

MATE~IAL 
SECTION IV HEALTH HAZARD DATA 

*nv 

T:l1c 20 Mood 

Non-osbestiform tremol ite end enthopr.yll ite 20 Mppd 

C;prnpntin~ 50 MDod 
Quartz 30 mg./cu.m. % Quartz + 2 

SECTION V SPECIAL PRECAUTIONS . 
P"'ECAUTIONS ro 5: TA~,EN 1"\1 HA~DL:N'::; "'"11:) STOi'lING 

Avo id breath inc dust Use res'"'iretor if TLV'~ exceeded 

. 
May 1, 1975 
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NOTE. Exoosure'o all alrtlome minerai dusts IS sublect to OSHA regulations In accordance with Se::~;cn t 91 09301 the OcC;Jcat,or;\· Heillth ilr:; 
Safety Acrnlnlstratlon Stancaro:l ilS cub:lsr,ed ,n Ihe Federal ~eglsler of OC::lber 18. 1972. slartlr.g on page 22 I 39 

SECTION I 

TRADE NAr.'E AND SYNO:"-l-,"MS CERAMITALC lOAC, CERAMITALC HDT Industrial Tale 

MINERAl FA'.';L Y Hydrous sil icates 

CHEMICAl COP.1I"OSITIO:"-l Comol ex hydrous calcium m-::anesium silicates 

MA7!:"IAL 
SECTION II INGREDIENTS 

0'0 !=lANGE 

Talc 20 - 30 

N!"lr'l-I"'~",o<~;fo~1"1 tre~.cl:te "'T"c/cr adhc::)hvl1 ite 50 - 70 

Serpentine 20 - 30 

Quartz 1 - 5 

I 

SECTION III PHYSICAL DATA 

COLOR White SI"ECIFIC 3i'1AVITY IH,O=l~ =2.8 
A~P::A~:-!'~C= Powder 
OT~=i= CI=:C=E=\I,ES 

MAi"E'I=:L':":" 
SECTION IV HEALTH HAZARD DATA * -LV 

T~1 ... 20 Mood 
Non-asbestirorm tre~oljte and antho?hyllite 20 Mppcf 

Serpentine 50 Mppcf 

Qllnrtz 30 m_ct. Lcu. m. % Qucrtz + 2 

SECTION V SPECIAL PRECAUTIONS . 
PRE:~l.!7iC~S 70 == -:- At.(:'J 1'\1 r-I.V"':J~JNG :OND S;O~'~G 

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

~ 

DATE: May 1, 1975 



MI~jERAL PRODUCT i 
SArET\' [ ,-, SL,', CT, -:-:. r T ~ I~ : ,~. ,.1... _ •• 

NOTE. Exposure to all all'Oorne minerai ::lusts IS subject to OSHA reoulaliOnS In accordance With Sectlcn 1910,93 of tre Occupat':n~1 Health and 
Safety Admlnlstrallon Standard as oublrshed In the Federal Register of October' 8. 1972. starling on page 22139. 

SECTION I 

TFlAOE NAME AillD SY~;ONYI"S CERAM IT ALe No.1, CERAM IT ALC 1 O-A, IT 3X Industrial Talc 

MINERAI. FA· ... "L Y Hydrous Sil icotes 
'CHEMICAl. COMPOS:'7:0N 

Comolex hvdrous calcium r'!"'oon€'si~ 

MArEl'llAL 
SECTION II INGREDIENTS 

'. RAI'OGE 

Talc 20 - 40 

Non-asbestiform tremol ite ond/or ont;'o:::l~yll ite 40 - 60 

Serpentine 20 - 30 

Quartz 1 - 5 

SECTION III PHYSICAL DATA 

COLOR White SPECIF!C GRAVITY IH,0=11 ±2.8 
M'PEARANCE' Powder 
OTHER C=lO?E=I'7:ES 

MA":"'ERIAL 
SECTION IV HEALTH HAZARD DATA 

*TLV 

Tole 20 Mooer 

Non-osbestiform tremol ite and anthoohyl lite 20 M::>pcf 

Serpentine 50 Mppcf 

Quartz 30 mg./cu.m. % Quortz + 2 

SECTION V SPECIAL PRECAUTIONS . 
P"lECAL;':'IONS T:) 5!: '7 A" e,N ,N ........ :L;·JG '>'ND STOPI'JG 

Avoid brecthino dl:lst. Use reso irctor if TL V's exceeded. 

. 
- - -DATE OVE=> !"OR ~URT",<:'1 1',-(,;::,','':', IC', 

TrJls i~~~70n 1,s'1"~~:~ so'e', l:;x :r>e Qurp<Jse 01 a'SC:lzure '~ardtnr; flealll> flaza'd and snaIl nO! DC used or 'e/,e<j UOO'1 by any flerson Ie.- a.'1Y or~e. ,-uroase 

~'r-f,j 



BEST AVAlLA8LE CO?Y 

APPEl1"DIX 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 (NIOSH) concerning health effects of occupational exposures 

to talc and as requested by the Occupational Safety and Healt~ Administration, 

seven bulk talcs produced by the R.T. Vanderbilt were analyzed for asbestos 

content. These talcs were obtained from independent talc suppliers and have 

been "certified" by Vanderbilt not to contain asbestos. Samples were analysed 

for asbestos content by analytical electron microscopy. The followi~g para­

graphs describe sample preparation and analytical methods employed along wi~~ 

results. 



METHODS 

Given in Table 1 are descriptive data for the 7 tales obtained 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 ~~e 

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 l7,000X, all particles with an aspect ratio (leng~, to 

diameter) of 3 to 1 or greater were identified using bo~~ 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, JE.~ 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. 



Table 1 

Sources of R.T. V~~derbilt Talcs Produced at 
the Gouverneur Talc Compa~y, Nur.ber One Mine 

and Mill ar.d Obtained from Suppliers 

Product Name Source 

Ny tal 300 Crone Chemical 
.. P.O • Box 14042 

Ny tal 400 Hous':on, Texas 77021 

5X 

325 
Paul Crazier Company 

X 1115 Silver S':. 
Houston, Texas 77007 

FT 

3X 

1.22 

NIOSH 

*' 

001 

002 

003 

OO~ 

COoS 

006 

007 



RESULTS ~~D DISCUSSICN 

Results of all analyses are shown in Table 2 and typical micrographs of 

fibers in these samples along with electron diffraction patter~s and x-ray 

spectra are shown in the Appendix. Based on their selected area electron 

diffraction pat~erns, 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 electro~ 

diffrac~ion. 

As shown in Table 2, results of these analyses show all talcs analyzed to 

be of essentially"the sa~e fiber composition. The major fiber component is 

asbestifo~ anthophyllite, ranging from 67 to 88% 0: 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 an~~ophyllite. 

Trace quantities of chrysotile were found in two of the sa~ples. C~rysoti:e 

fibers observed were small in diameter « 0.1 ~m) and short in length (most 

< 1. 0 ~m). 

120 



~
 

l\
i 

h-'
;:' 

R
an

ge
 
o

f 
T

a
lc

 
F

ib
e
r 

A
sp

ec
t 

S
am

pl
e 

R
a
ti

o
s 

N
y 
ta

l 
40

0 
3

/1
 

to
 

1
0

0
0

/1
 

N
yt

a1
 

30
0 

3
/1

 
to

 
1

0
0

/1
 

SX
 

5
/1

 
to

 
1

0
0

/1
 

X
 

8
/1

 
to

 
8

0
/1

 

3X
 

5
/1

 
to

 
1

0
0

/1
 

F
T

 
3

/1
 

to
 

5
0

/1
 

32
5 

3
/1

 
to

 
5

0
/1

 
-

-
-

-
-

-
-
-
-
-

T
ab

le
 

2 

Sl
U

Iu
na

ry
 

o
f 

N
IO

SH
 

E
le

c
tr

o
n

 M
ic

ro
sc

o
p

ic
 

A
n

al
y

se
s 

o
f 

T
al

c 
P

ro
d

u
ce

d
 
a
t 

th
e
 

G
o

u
v

er
n

eu
r 

T
a
lc

 
C

om
pa

ny
 

N
um

be
r 

O
ne

 
M

in
e 

an
d

 M
il

l 
S

am
p

le
s 

O
lJ

ta
i'n

ed
 

Fr
om

 
T

a
lc

 
S

u
p

p
li

e
rs

 

F
ib

e
r 

Id
e
n

ti
fi

c
a
ti

o
n

 
(P

e
rc

e
n

t)
 

P
o

si
ti

v
e
 

A
m

p
h

ib
o

le
s 

P
o

si
ti

v
e
 

T
re

m
o

ll
te

 
A

n
th

o
p

h
y

ll
it

e
 

C
h

ry
so

tl
le

 

8 
88

 
N

.D
. 

12
 

72
 

N
.D

. 

11
 

80
 

T
ra

ce
 

6 
80

 
N

.D
. 

12
 

67
 

N
.D

. 

16
 

72
 

N
.D

. 

4 
88

 
T

ra
ce

 

-
-
-
-

-
-

_
L

-
-

* 
S

e
le

c
te

d
 
a
re

a
 
d

if
fr

a
c
ti

o
n

 
p

a
tt

e
rn

s 
n

o
t 

s
u

ff
ic

ie
n

t 
fo

r 
p

o
si

ti
v

e
 

Id
e
n

ti
fi

c
a
ti

o
n

 

NO
 

-
N

on
e 

D
et

ec
te

d
 

N
on

 
N

ot
* 

A
sb

es
to

s 
Id

e
n

ti
fi

e
d

 

4 
--

-

4 
12

 

4 
5 

! I 

2 
12

 

4 
16

 

4 
8 

I 
7 

--
-

I 
-

-
-

-
~
-



CONCLUSIONS 

Using present "state-of-the art" techniques for asbestos fiber analyses, 

all 7 talcs analyzed demonstrated large quantities 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, Electroz:. Diffraction Pat'ter:1s and 
X-Ray Specta for Typical Fibers in R.T. Vanderbilt Tales. 
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MOUNT SINAI SCHOOL OF MEDICINE 
oj The City Ul1iversity oj New York 

FIFTH AVE:-';UE AND 100TH STREET·~E\\:'· YORI; "Y. 10029 

Dtpar/m,"' of Community 7ttrd'''n, 

~r. John Dement 
NIOSH Room 527 
Post Office Building 
Fifth and Walnut Street 
Cincinnati, Ohio 45202 

Dear Mr. Dement: 

April 29 1976 

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

The seven samples were analyzed quantitatively for three varieties of asbestos 
minerals - chrysotile, anthophyllite and tremolite and also for quartz. Ana­
lytical techniques included polarized optical microscopy, x-ray diffraction, 
transmission electron microscopy and scanning electron microscopy with energy 
dispersive anal~ical 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 ~lITAL unknowns showed agreement, averaging about 
10% standard error. The results are as follows: 

SERPEmlNE TREMOLlTE ANTHOPHYLL ITE QUARTZ 
PHASE 

% '" % % /0 

NYTAL 400 14-18 24 2-3 7-10 

" 3X 31-35 32 not detected 7-8 

" X 26-30 50-60 not determined 9-10 _··..-0-~-7 
.. ,\ 

'\ 
IT 26-30 17 not detected not det G(~'t-ed .. . 

" / --- , ',q 300 14-18 18 4-5 9-10::-:- I.:' '( \ \ 1-

" 32' 19-23 24 5-7 
L_ ...... , '-

3-4 I 

I 

" 5X 14-18 27 
\ J 

7-9 8-9 -,. 
'v , -, '", 

Because of the large amounts of tremolite (50-60~) present in sample xanthophYl~: \">/ 
lite could' not be quantitatively determined by x-ray diffraction. Howe';e~_~ 

1.2: 



Mr. John Dement 

chemical analysis of fibers on the SE:~1 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 TE~1 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,OOOx magnification on a Hitachi 
HU 125 microscope. Fibrous particles were abundant in all seven samples. ~lorphol­

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 5.3~, 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 no iron. Short prismatic fibers with 
aspect rat ios from about 3/1 to 5/1 contained Si/Ca/Mg proport ions consistent 
with tremolite. No iron was found in tremolite. 

ANR: sl 
Enc. 

~::~Jli 
Arthur N. Rohl, Ph.D. 
Environmental Sciences Laboratory 
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EXAM INA TION OF SEVEN TALCS FROM TIlE GOUVERNEUR DISTRICT, NEW YORK 

SUMMARY 

An extensive examination has been carried out of seven tales submitted 

by the National Institute of Occupational Safety and Health, . to determine their 

asbestos content. These tales all originated from the Gouverneur District of New 

York State and were identified by number code in the series 83775-837Gl. 

Examination was carried out by a combination of light microscopy r 

using both polarized light and dispersion s~ing, x-ray diffraction, and elct.::.ron 

microscopy combining electron diffraction and elemenbl analysis. 

The results of the examination showed the presence of asbestiforro 

amphibole in all seven samples. The amounts of the tobl amphibole and of the 

fibrous amphibole differed between the various samples. In all cas es 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 :md 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. 

- 1 -
walter c. me crone 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 Conducting 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 ~amined by light Il'.icroscopy,. 

using both polarized light and dispersion staining,. x-ray diffraction, and 

transmission electron microscopy combined with electron diffraction and 

elemelltal 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 CargiUe 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 amphibole present. Examination by dispersion staining was 

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

X-rav diffraction . 

For x-ray diffraction ex<lIl1ination, 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 29 rmlge from approximately 60 to approximately 

walter c. me crone associates, inc. 
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60 0 with a scanning speed of 1 0 per minute and a chart speed of 1/2 inch per 

minute. Cu radiation, nickel filtered, was used at an accelcratinrr volta,n'e o 0 

of 42 kV, and a current of 25 milliamps. The quartz content of thc 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 0
, 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 micrOSCODV 

For electron microscopic examination 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 au t in a combined electron-microscope-microprobe-analyzer I E~DL<\ -IV. 

The samples were examined and photographed at several differcr.t magnifications, 

electron diffraction patterns were obtained fro:n 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 tbe basis of dispersion 

staining and morphology, has been identified as lizarditc. 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, appreciable :lID.ounts of anthophyllite 

would not be missed because a significant number of particles would lie in the 

proper orientation for positive identific:ltion. With the exception of an occasional 

particle in Sample 83757, all the particles which showed the trcmolite/ 

anthophyllite dispersion colors showed oblique extinction under crossed polars 

(,,/'c = 17-:-18°), thus identifying them as tremolite. 

1.3G -3-
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All samples contain talc in a form which looks like fibers. These 

give typical talc colors by dispersion staining. The majority of these talc fiuers 

are apparently long talc rods. These talc fibers are especially long in Sample 8375 

Most samples are believed to conta..in 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 betv,,'een 

quartz and lizardite under dispersion staining conditions. 
-... . ... _.. . .. 

A calculation of the percentage of ampbibole 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 taking cognizance of 

both particle size and numbers present. Subsequently, 30 fields in each sample 

were e.'{amined in detail and the percentage by area of the total particle area 

occupi~d by amphi:",ole particles was estimated. 

Table 1 summarizes the observations made by light microscopy. 

X-ray diffraction 

All samples showed the presence of talc, an amphibole and a 

serpentine. Inconclusive evidence of quartz was detected by x-ray diffraction 

on the normal scan. By step sc:uming, 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 Mumpton
1 

indicates certain lines w~ch may 

be used to distinguish the three serpentine polymorphs provided that th~ samples 

are relatively monominerallic. Specifically, Mumpton mentIons that lizardite is 

characterized by a strong doublet at 1.531 A.. This doublet has indeed been 

observed on our x-ray diffraction trace, thereby confirming the light microscopical 

identification of lizardite by dispersion staining. 

1 Characterization of chrvsotile asbestos and other members of the serpentine 
group of miner:l.ls, Siemens review XLI (1974) 7th speciaJ. issue, X-ray <llld 
Electron +V1icroscopy News • 

- 4 - walter c me crone associctes, inc. 



Table I 
Summary of Light Microscopical Data 

N:z1J I~ 3i ~5 X H eli : 
Sample 83755 83756 83757 83758 83759 83760 83761 

total tremolite 
(% of sample by 
area) 25-30 15-20 20-25 25-30 25-30 15-20 25-30 

Fibrous tremolite 
(estimated % by 
vol. of total 
tremolite) 5 25 8-10 5 1 25 10 

Quartz + possible. + + -? +? +? 

Serpentine + ? +? + probable probable 

Talc "fibers" 
. (roils, shards etc.j + + + + +(long) .+ + 

Comments large large small 
tremolite particle particle 
plates size size 

-5- 1.30 



Table II 
Tremolite and Quantity Coment of Talc Samples 

Sample 83755 83756 83757 83758 83759 

Quartz 
Content** 2% 1/.2-1% ·-11/2% -11/2% <1/2% 

Content 
tremolite 40-50% 50-60%*1 40-50%* '-60% >50-60%* 

U Step scanning data. 

* Indicates possible anthophyllite present in addition to tremolite. 

- 6 -

83760 83761 

below 1/2-1% 
detection 
limit 

50-60% 40-50% 



This leaves only the: amphibole to be chancterized in all seven 

samples. The primary amphibole observed is tremolite. The diffraction 

lines observed are consistent with ASTl\1: Card 13-437 for tremolite and \\ith 

published dab. for tremolites from the Gouverneur district. In one s::unple, 

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 pea.1~ is also present on 

Sample 83756 and possibly also 83759 (see Figures 2-8 for a comparison of 

the 6°-12°, 29 range on these samples). As is clear from these figul"eS, 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 microscooical examination 

Electron microscopical examination showed that all seven samples 

contain sUbstantial amounts of fibrous material. This was highest in Sample 

8375' and lowest for Samples 83756 and 837Gl. 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 elemen'!:a:l 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

c~ntage of calcium noted; however, calcium was observed at the level of the 
- ' 

order of 1-30/0 in all the amphibole fibers ex::unined. The only conclUSion v::rich 

-'t -r A 
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Sample 

Total fibers 

Fibrous amphi-
bole (as % of 
total sample) 

Table m 
Electron :Microscopical Estimates of Fiber Content 

83755 83756 83757 83758 83759 83760 83761 

-10% -10% ·-40% -30%. -5-10% -20% ·'-10% 

<5% <5% 15-20% 10-15% <5% --5% <5% 

- 8-



Sample 83755 

Total !1bers(I'EM) 10% 

Amphibole fibers 1 

(rEM) <5% 

Total amphi-
bole2 (XRD) 40-50% 

Total amphi-
bole3 (LM) 25-30% 

Fibrous am-
phibole4 (L11:) 1-2% 

Serpentine2,5 
(XRD) 10-15% 

Quartz 2 , 6 

(S. S. X-RD) 2% 

NOTES: 

1. Based on occluded area 

Table IV 
Overall Data Summary 

83756 83757 83758 

10% 40% 30% 

<5% 15-20% 10-15% 

50-60% 40-50% -60% 

15-20% 20-25% 25-30% 

3-5% 1-3% 1-2% 

10-15% 10-12% 10-12% 

1/2-1% -11/2% -11/2% 

2. Estimated weight percentage 
3. Based on occluded area 

83759 83760 

5-10% 20% 

<5% 5% 

>50% 50-60% 

25-30% 15-20% 

<1/2% 3-5% 

-15% -20% 

<1/2% B. D. L. 

4. Derived from estimated % of total amphibole which was fibrous. See also T able I. 
5. Identified as lizardite by light microscopy 
6 .. 8 .. S .. XRD = Step scanning x-ray diffraction 

- 9-

83761 

10% 

<5% 

40-50% 

25-30% 

2-3% 

-30% 

1/2-1% 



  

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. It is 

generally not possible to distinguish between tremolite and anthophyllite by electr 1 

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 wWch might be anthophyllite rather 

than tremolite, one is forced to the conclusion that, rather than being a calcium 

bearing anthophyllite, the fibers are in fact a 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 fibrous structure 

of the asbestos minerals. There i~ no doubt fn our minds that these are indeed 

asbestos fibers rather than cleavage fragments of a more massive amphibole. 

Massive forms of the amphibole are, however, present and the fibrcus 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 

definitely 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. 

~-"1I4vG I fY 
Ralph J. Hinch, Jr. 
Research Chemist 

Sltimps 
Research Chemist 

- 10 -

Respectfully submitted, 

61/!!!:::n~ 
Senior Research Scientist 

Ian M. Stewart 
Manager, Electron Optics Group 
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Figure 1 Step scanning data for quartz 
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Figures 2-8 6 0 -12 0 range of 26 for Samples 83755-83761 
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