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. %W]NDSOR MINERALS INC 2.0, Doy €30 Wit g, Vernmend WL039

September 7, 1977

Bondex International
3616 Scarlet Oak Boulevard )
St. Louis, Missouri 63122

Attn: Ms, Jeanette Garner
Purchasing Agent

Dear Ms. Garner:

In response to your letter of September 1, 1977,
I am writing to assure you of the quality of our
products regarding contamination with hazardous
mineral species.

I am enclosing a copy of the Material Safety
Data Sheet for our Grade TC-100 Talc and, in additionm,
a copy of a recent opinion conducted by NIOSH which
concerned itself with the quality of our ores and
products. This particular section of the NIOSH
study was done by Harvard University, and I have
taken the liberty of enclosing a copy of the final
report which they presented. The report, as you will
note, indicates the absence of hazardous fiberform
minerals and, additiopally, an extremely low level of
quartz,

If we may be of further assistance in this
regard, please do not hesitate to contact the writer,

Yours very truly,
WINDSOR MINERALS INC.

R. N. Miller
RNM: ab President
Encs.
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U.S DFPARTMENT OF LABOR A A
Occupat unal Saufe ty and H:ulth Adiministration
MATERIAL SEFETY BLTA SHEET
Requnred undel USDL Safcty and Health quuhmc;n;_k:r thp Repairing,
Shipbuilding, and Shipbreaking (28 CFR 1915, 191G, 1817}
SECT__!_ON { _
MANUFACTURE R'S NAME — EMERGENCY TELEPHONE NO,
Windsor Minerals, Inc. 802-484-7761
ADDRESS [Numbhcr, Strocg, £ty Siaqe A Edet
oness g k8B TS ad b i yT 05089
CIHEMIC AL NANL AND SYNONYMS T TRADE NAMC ANO SYNONYMS ]
| _ _Magnesium_Silicate-Hydrous_ _,_l__ de TC 100 Talc
CHEMICAL FAMILY TFaHEUS 0 Y
Silicates - Carbonates | H2 Mg%(Sl 3)4
SECTION Il - HAZARDOUS INGREDlENTS
PAINTS, PRESERVATIVES, & SOLVENTS % JS;L‘ ALLOYS AND METALLIC COATINGS % | e
PIGMENTS RASE MITAL
CATALYST . ALLOYS .
VEHICLE METALLIC COATINGS
SOLVENTS : ::.‘DLZR;K%[!{:\(’:' OR CORE FLUX
ADDITIVES OTHERS
OTHERS
HAZARDOUS MIXTURES OF OTHER LIQUIDS, SCLIDS, OR GASES % (J,';i:',,
DOES NOT _APPLY .-
SECTION {1} - PHY& .."... DATA
eoD,bsézsnth“F.&pp 1 y SPELT L GAVITY (H01) 2.8
EOR HRE.5<UF{E (e H1 b gs—k}s -!’ ", ‘;"'3:.‘:;\TILE DOE S no t app ', y
VAT, * 1-ON RATE
vepgexeEBtesEly | |iT T iFpoes not apply
] 5°"I‘W§§'TUB VOTER ’ 3
APPEARANCE AND ODOR
SECTION IV - FIRE AND EXPLO. !ON HAZARD DATA
FLASH POINT {Method used) FUALIIAGBLE LIMITS [ e ] Uel
L Does_ not _apply . jDoes._not apply T i
EXTIMGUISHING MEDIAR .
. _Does not _apply_____ . .. _
SPECIAL FIRE FIGHTING PROCEDURES
e oo o . _ ...__Does not apply._._..._ .. .
Funusunt Fisit AND £XPLOSION HAZARDS T
e im e Roes not _apply .
PAGE (1) {Continued on reverse sile) Form OSHA-20

Rev. May 72
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SECTION V . HEALTH HAZAF{D DATA

'"r"fms«um o uzm(u)r VALUE N

Mg/M3

EFF ECTS OF OVEREXPOSURE

Dust inhalation

EMERGENCY AND FIRST AID PROCEDURFS
eave dusty area .

Wear approved respirator

SECTION V] - REACTIVITY DATA

STABILITY UNSTABLE CONDITIONS TO AVOID

STABLE X

INCOMPATABILIBY (Materials (o gvoid)

oes not apply

HAZARDOUS DEﬁOMPOSII’IO PRODULTS

CONODITIONS Tw AVOID

HALAROUUS MAY OCCUR

9es MOt 8PPy o e e

POLYMERIZATION

WILL NOT OCCUR x

SECTION Vi - SPILL OR LEAK PROCEDURES

S'TEPS TO BE TAKEN (N CASE MATERIAL IS RELFASED OR SPILLED

Does not apply

Dry solid

WASTE DISPOSAL METHOD

SECTION Vill - SPECIAL PROTECTION INFORMATION

RESPIRATORY PRQTECT|O~ Specity ¢ .
SBFOVEY mask if above ACGIH exposure level

Wear a
VENTILATION LOCAL EXHAUST _ SPECIAL
MECHANICAL (Genceral) OTHER
XXX
PROTECTIVE GLOVES EYE PROTFLTION
Not required S0 5 d particulate

OTHER PROTECTIVE E EQUIPMENT

SECTION 1X - SPECIAL PRECAUTIONS

PRECAUTIGNS TO 8 TAKEN IN HANDOLING AND STORING

OTHER PRECAUTIONS

PAGE (2)

GPG 9X.%47

Form OSHA-20
Rev. May 72
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\%\W!NDSOR MINED AL N e

July 25, 1977

Dear Sir:

We have recently and cooperatively participated in
a study by The National Institute for Occupational Safety
and Health (NIOSH). In this study, environmental sampling
was conducted in our mines and mills.

The samples taken in our operations were analyzed for
their mineral content with particular reference to quartz
(8i02) and asbestos.

A final report on this phase of the NIOSH study was
presented at a meeting of The American Industrial Hygiene
Association by Harvard University who was the contractor
for NIOSH.

The study, while particularly concerned with dust
exposure, verified the absence of contamination by undesir-
able mineral species in'our ores.

I have enclosed a copy of the report for your records,
and far use in responding to questions from regulatory agencies.

If you have any questions in this regard, please do not
hesitate to contact the writer.

Yours very truly,
WINDSOR MINERALS, INC.

)
< wid g
Roéégfh7/§;§¥é§ '

President

RNM:rg
Enc.
BON - 01524
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EXPOSURE TO INDUSTRIAL TALC IN VERMONT TALC MINZS AND MILLS .

M. G. Boundy, K. Gold, and W. A. Burgess
Harvard University
Boston, HMA - -

J. M. Dement

NIOSH
Cincinnati, OH

(For presentation at AIIIA Cénference at New Orleans, May 26, 1977)
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Introductlon

An environmental study of the Vermont talc mines znd nills
was undertaken in support of a concurrent epide:iologica% study
of tale workers. Since geological studies cating to tre ezrly
1900's have shown that the Vefmont talc deposits contzin no
asbestos and little quartz, ‘. ©  this population represents a
group of talc workers employed in mining and milling o;eration%
who have no associatlon with these two fibresis producing
minerals. Therefors, the intent of this study was to w2rify thess
geological: reports by cguantitating the persocnel dust ezposures of
these talc workers and by identifying the mineral contint of this
"clean" talc ore.

Mineralogy

Pure talec mineral is a hydrous magnesium silicate with the
theoretical formula BMgOJSiOéJ%O~ and consists of a brucite
sheet contalning mzgnesium ions sendwiched between two weakly
held silica sheets. This mineral is extremely soft and slippery
and has a hardness of 1 on the Mohs scale. ,dowaver, &5 usad '
industrially, the tern "talce" refers to a mixturs of minerels
that meet certain physical requirements rather thano?s whigh has
a fixed chemical composition. Industrial gradss of talc usually
contain chlorites which are sheel silicat2 minsrals containing

magnesium, iron, and zluminum,and carbonates which include
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‘magnesite , dolomite, and cdlcite. Quartz, iron oxides, serpentine

éone of the minerals from Vhich tale evelved) and tremolite, may

also be-present. Therefore, since the constituents of industrial
tale vary in thelr mineral and fiber content the ensuiﬁé product

has a considerable range 1in hardness and particle shape which

contributes to its versatility.

Field Study

The three major Vermont talec companies were surveyed in ‘
Summer 1975 and ﬁinter 1976 and a total of 312 personal respiraﬁlé
mass éamples vere taken. Half of thesg samples were analyzedlfor
free silica content by infra red spectrophotometry, and 20% by
x~ray diffraction. Fiffy-seven paréliel fiber samples were taken
using Mili?bore and Nuclepore filters. Fiber counts were per-
formed on tﬁese samples using phase contrast at 437X, and scanqing
electron microscopy at SOdOX magnification,respectively.

- In aédition; bulk samples from representative milling and
mining operations were coldected from each location. These
specimens were analyzed qualitativély by x-ray'diffractionvfor

their mineral constituents.: -

The three Vermont companles obfain thelir talec ore, wvhich
occurs in compact lenses, by underground and surface mining,
For the underground mines an inclined shaft (SLIDE) is sunk
to the deposit and a heading is begun. Entry is via the same

skip in which the ore is removed (SLIDE). The depth of the

BON - 01527




e i s e

gl e e

&

mines ranges from-150-B00 feet and the tempzrature is approxzi-

mately 7°C yearround. The mines arc alvays west ?rom the'seepage
of water from the surface and underground sprirzs (SLIDE).

The tunnels afe made by a tracz drill (SLIDZ) throﬁgh non-
tale areas. This rock is wasted and this process uwas not in
operation during our surveys.

A heading is mined by wet drilling, blzssting, mach;ne
mucking, and stoping methods. A drilling craw cf one or two
men make the holes in the working face of tre ore. At the end
of a shift explosives are inserted and set ¢ff in the holes to
break apart the mass of ore. The féllowing norning mechaniqél.
muckers (SLIDE} or bobcat machines (3 SLIDES) ere used to load
the ofe onto the haulage cars. Pneumatic 3ackhammers (pavenment
breakers). may be necessary to break up the lzarzs boulders,
Stoping methods (SLIDE) are used to remove the ore from distant
poékets via a series of horizonéal or inclined workings in the
ore veins. In such areas a "scraper" wili operate a mechanical
drag which 1s suspended ﬁrom a'céblé and secured to a dis%ant>'
wall, to pull the biasted oré into an excavated chute (SLIDE).
After filling the -cars the trainman drives thz locomotive to
the shart (SLIDE) where the ore is éumped into & skip, (SLIDE)
hoisted to the surface or the 1lst level by the sxippy hoist
operator. (SLIDE) The ore is then dumped'and transferred again,
hoisted to the surface, and transported by Truc:s to the mill.

In addition one company operates two wzli:-in niines and én

open pit mine where the ore is mined by an 2utonztic mining
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.Joperation. A diescl powered machine removesz the rock from the
Tace and loads 1t onto a truck via a conveyor in a continuous
motion. An operator controls the location and mgvements of the
cutting head which cuts away at the ore face in a circular
motion. A gathering arm at the'frmﬂ;of this machine draws the
ore onto the conveyor which carries the ore to a diesel-povered

dumptruck.

Talc Milling

The milling processes at the three companies are rather
similar. With ohly.one exception, the Vermont nills are largé,
drafty barn-like structures. The ore arrives at each mill from
the mine by truck and is dumped into a pit or an ore storage
bin (SLIDE). A crushér.operator, (3 SLIDES) using a conveyor
system'or yhe same fypg of mechanical scraper as iﬁ the mine
stopes, draws the ore into a jaw crusher. The ore may pass
through a series of screens or a sécondary crusher before being
dried aﬂd procgeding to the mills. Depending.on the Tinal
particle size and grade of the product, the ore may be further
ground in a pebble mill or pulverized in e roliér mill (SLIDE)
where spring-loaded rollérs rotase against a horizontally fixed
stecel riné. An air classifier system then separates the ore
according'to particle size, and this mater*al is either bagged
directly or held in storage silos.

Two of the companies further purify and grind ths ore.using

a flotation process to separate the mineral talc from the mag-

nesite and non-tals minerals. A slurry of the ore in water fills
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Tlotation cells in which bubbles are created by reagents and an
.air injection system: e talc hocomes attashed to the air bubbles and
rises to the surface as-a mineralized froth. Rotary blades gently push the
bubblés into troughs. The recoyéred tale is thickened, dried,
and stored in bins until bagging or shipment in bulk.
Most of the product is shipped in 50-60 pound bags. (2 SLIDES]
The bags are hand-placed on subport holders and afe aucomatically
filled, sealed and discharged onto a conveyor. The ccnveror leads
to a palletiziné area (SLIDE).where two men stéck.the tags on
pellets which are then loaded onto raiiroad cars or trucks by a
fork 1ift operator (SLIDE). Usually the bagger and pbelletizers
P form a three-man team and rotate 3obs on a haldeay cyvcle. " In

addition, some talc may be shippéd in bulk form by ra2i1l or truck.

Bulk Samples

Bulk samples consisting of ore chunké-fron.the minss or
crushing operations at the mill 'and mineral miy+ures or products
fron the mills were obtained from each company. Each bulk
sample was ground, drieq, and scanned qualitativaly by x-~ray
diffraction. For all the samples, tale and magpesite ere found
in major amounts, chlorite and/or dolomite are minor constituesnts,
and dolonite, éalcite; quaftz,'biotite, ankerite, cnfc mite, |
oligoclase, or phlogopite may be found in trace gquantities, (Table

Quartz was present in trace amounts in 157 of thase samples
and petrogréphic microscope énalysis, analytical transnhission
electrcen microscopy,” and x-ray diffraction with sfep szanning

revealed no ashestos in these samples.
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Over 300 personal respirable mass senzles were taken using
X0 mm 2-stage Nylon cyclones aé a Tlow ;ate of 1.7 liters per
minute. The resplrable dust exposures of underground miners are
shown in.Table 2 (SLIDE). These.exposures are classified by Job
and company and the highest dust concentrations occur at Company
B. The ore in this mine is relatively hard and the extensive
drilling and jackhammering opefations required to break apart
the large boulders may account for the higher dust leveis.
Jobwise, thé highest conpentrations zre expverienced by the
drillers, scraper, bobcat, and mucker operators,'and laborers.
Scraper, bobeat and mucker operatprs are involved in the movément
of blasted ore into an excavated area or directly into the haulage
cars. The confinemeﬁt of their work areas and the necessity
. of using pneumatic’jackhammers may contritute to thelr exposures.
Maintenance men and laborers are the "trouble-shooters" and their

work and dust exposures may change on a daily basis.

Tﬁe éverége_resﬁirable mass dusg exposures for workers in
the open-pit and walk-in mines are presented in Taﬁleﬂ3 (SLIDE).
The automatic mine 6perat5r'who controls the movements of the
mine scraper had the heaviest average exposura (5.8 mg/m3). The
macﬁinery in these mines was diesel-powersd and the amount of
dilesel fume in the respirable mass fracticn was ﬁot determinéd.

Table 4 bresents the average respirabie mass concentrations
of the millers accgrding to job and compeny. The hlghest dust

exposures in all the plants are seen by thas dry mill" operators,
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.utility 1men, and crushers in the mill aree, eand by the bagszers

and palletizcers in the shipping area. The, srall sized operation

at Company A is reflected by the limited nu:bér of sanples.
Hosf of these millers rotate jobs depending on the production
cyecle and therefiore their exposﬁres are in the misceilaneous
category.

Company B has the highest® dust concentrations with major
contributions by-the dry mill operator and utility man who vorks
the night shift in the mill area. The age of this milling

equipment and may have added to their dust gxposures.

In the shipping area of Compény B, the respirable rass filters
of the three-man teém were changed at mid-day to assess ths actual
dust load from 'the bagging and palletizing operations. Dust ex-
posures in. the shipping areas of "Company-B were found to ta-depen-
dent on the work habits of the men and the grade and particle size
of the talc being bagged. The palletizers' éxposure (2.7 mg/m3)
may be explained by the manual handling and tossing of the 50_
pound dusty bags onto the pailets and the 1ackAof any ldcal exhaus
ventilation at tranéfe; poinﬁs. These bags may have had an ineffi
seal which may have caused leakages and dust exposures to the
palletizers. Thea lower dust 1evéls of the baggers and palletlzers
at Company C may be attributed to a better sz2al of the bags and

.

a more officient ventilation system.
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Quartz Analysis . .

seventy percent of the resbirable mass samples from each
compaﬁy were randomly selected and analyzed for free ;1lica.
Fifty percent were analyzed by infrared spectrophotometry and
10% by x-ray diffraction.performed at Harvard and 108 by x-ray
diffraction performed at NIOSH;.The 1imit of detSection by
infrared spectrophotometry is 5 ug SiO, and by x-ray diffrac-
tion is 10 ug (HSPH) and 20 ug (NIOSH)..,, .

Less than ten percent of the filters examined had measurable
quartz concentrations and these jobs and exposuras are listgd in

Table 5 (SLIDE). All quartz exposures were belci the present

threshold 1limit value (TLV) of 100 ug/m3. In the underground
mine at Company C ammaiﬁtenance-worker had 2 considerable ex-
posure (63lb ug/m3). During the winter survey a driller
experienced 94.7 and 70.2 pg/m3 quartz on two dzys. On both
occasions he was doing some driiiing in an uncharted area and.
may have found a quartz'&ein. The ore fron thié underground .-
mine is processed at Miml #1, and free silica was found in only
one of the elghteen respirable mass samples analyzed from this
plant, Table 5'showé that a paTletizer resceived a quartsz

exposure of 92.3 ug/m3.

wr—— f et —

In the summer survey the automatic miner cparator at the

3 free sllica., This ore vas

open pit was exposed to 26.0 ug/m
brought to Mill #2 and a mazintenance/baggerman received a

respirable quartz dose of 41.8 ug/m3.
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Fiber Counts

The carcinogenic potential and the hazzrds of asbestos
exposures have been well documeﬁted. Also, several types ofl
asbestos are known to be geological contaminants in talec ore.
Since the accepted best index of exposure to asbestos
requires coﬁnting the recpirable fibers in the worker's breathing
zone, the prbblem arises in the méthodology of disting&ishing
asbestos fibers from tale. Characteristically, talc has a ten-
dency to curl and stand on its edge which may ré§ult in many

.

erroneous counts (SLIDE).

The latest USPHS/HIOSH method for counting asbéstdé fibers
requires phase contrast microscopy at HbO-SOO X and thus
arbitrarily’ defines a fiber as a particulate with a length to
wvidth fatio of 3:1 or greater, and a maximum width and minimu=
length of 5 micrometers. This methoi is a crude determination
of total fiber éxposure becausea of the resolution limitations
of optical miéfbscopy. J[iost airbofne asbestos fibers are less
than 5 um in length and those that are longer may have diemeters
too small to be detect=2d by phass contrast microscopy.

To compensate for the many controversies our sampling
protocol involved taking parallel fiber semples on Millipore

(0.8 ym) and MNuclepore (0.4 um) filters and guantitating the
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Tibers by phase contrast microscopy and Scanning Electron Micro-
scopy. The fiber samplers wer; placed in the immediate viclnity
of the worker and a breathing zone sample *as obtalned without
having the man wear the pumps. _fhe Miliipore Tilters were

counted using the latest USPHS/NIOSH method at 437 X magnification.

Scanning Electron Microscopy af 5000 X aliows one to morpholo-
gically distinguish rolled tale particles and tzle shard from
actual fibers:; Fibers less than five micronmeters 1in length may
be counted by the higher magnification of this instrument, anﬁ
the sample stage may be rotated to view & specific particle-at
various angles. '

The following series of slides are scznning electron micro-
graphs of some of Nuclepore filter samples. _

1. Counting field at 400 X which is the magznification

recommended Tor fiber counting by phase contrast microscopy,

Notice the number of elongateﬁ particles that it the defini-

tion of a fiber.

2. However, at 7000'X this elongated pzrticle is morpho- -

logically not a fiber.

3. Cne rolled tale particle at 12000 Z which has curled on

both sides to form a tube. At a lovier magnification this

particle would be counted as a fiber.. .

4., This is an elongated particle standing on edge at 3500 X

which might be considered a fiber;

5. However, by rotating the sample stzg2 600, one cén see

t

the laminated .features of this talec pzrticls.
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6-7. Even some "fibers" urc not immun2 Irom clocer scrutiniza-
. D
tion. When this sample stage is rotated 507, this so-called

jicztions are

lay]

inber" now has this appearance. Thesz maznil

5000 X and 15000 X respecti§ely.

Table 6 represents a partial 1ist of Tiber samples and shows
that by phase contrast micfoscopy the counts range from 0 to 60
fibers/cc. The parallel filters counted by SZii are greatly
reduced and range from 0 to 1.0 fiber/cc. Thes2 concentrations
are below the present TVA of.asbestos_which is 2 fibers/cc greater’
than five micrometers in length based on thé phase contrast mgthod.
Ir the minimum length restriction 'is released, then the total fiber
concentration for some of these samples chznges slightly anﬁ
ranges from 0 to 2.0 fibers/cec. Thus, this SEM mesthod provides
a more realistic approach to fiber counting in the tale industry.

To fuféher correlate these data, half-filter sanples of the
heaéiest fiber samples by'phase contrast microscopy ware sent
to NIOSH for analyﬁiqal transmi;sion electron nmicroscopy. The
samples were prapared by using hsavy dérbqn coating whibh'ailows
analysis by electron di¥ffraction and miéroprobe t=2chnigues.

Each of the samples contained elongated particles meating
the dafinition oi a2 fiber (3 To 1 aspect ratio). Howaver, most
elongated particles were identirlfied as talc based on their
selectad area electron dififraction patteras. Severai of tﬂese
particles were idecntified as antigorite. Ho asbestos fibers

were seen in any ol the other szamples.
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Conclusions

The Vermont talc industry was selected b& NIOSH for both
epidemiological and environmental‘surveys to establish a TWA
dust exposure because this talec was believed to contain minimum
amounts of quartz and asbestos. 'This envircnmental study
characterized bulk samples from the three companies and quanti-
tated the tale workers' dust exposures. X-ray diffraction
studies showed that the bulk samples contained rajor améunts of
tale, and only trace amounts of quartz were found in 153 of
these samples. Petrographic mlcroscopy analyses; analytical
transmission electron microégopy, and - x~-ray diffraction with"
step-~scanning revealed no asbes£os in the bulk samples.

Respirable mass sampling provides a more realistic method
to determip§ personal dust exposures than midgst Impinger samples.
In addition,. the amount of respirable quarctz in the respirable '
dust sample may be determined by,ipfrared spectrophotometry or
x-ray diffraction. Thus, the ovérall picture of the quartz
and dust concentrati&ns to which the worker»s are exposéd may
be obtained with reésonabie confidence.

The study further sﬁowed that secanning electron microscopy
should be considered as an adjunct to the NIOSH/USPHS method
when counting fibers in a dust environment. Phase contrast
microscopy may suffice in an ashesios envi®*onnant, but the
resolution limitations of optical nrilcroscesy and the
inability to distinguish rolled talc particzles and talc "shards"
from actucl asbestos fibers will allow only a crude determination

of the total fiber exposure.
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SoME CHEMICAL AND PHYSICAL PROPERTIES OF TALC

TaLc  30460.4S10,Hy0

REFRACTIVE INDICES: 1,54 - 1.6 -

SpeciFic GraviTY: 2.6 - 2,8
HarpneEss (MoHs scALE): 1
CoLorR: WHITE or GRAY To APPLE GREEN

MORPHOLOGICAL VARIETIES: LAMINATED AMD FIBROUS
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SoMe MiNErRALS FOunD IN INDUSTRIAL TALC

CHLORITE (MeFe)g AL(ALSI3) 0190t g
MAGNESITE MsCOz
Doomrte  Ca Me(CO3)y

. CALCITE CACCz -

SERPENTINE MGS(SIQDN)(OH)8
QuArTZ SIOZ

TREMOL1TE Cay Mag S1g0pp(0H)g
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TABLE 1

QUALITATIVE AHALYSIS OF BULK SAMPLES
BY X-RAY DIFFRACTION

. SOURCE

Mine (37)

Mice (20)

MAJOR
(20-100%)

TaLc
MAGNESITE

“TaLc

MAGNESITE

- MINOR
(5-20%)

CHLORITE
(DOLOMITE)

CHLORITE
(DoLoMITE)

. TRACE
(<5%)

DoLoMITE .
CaLcite
QUARTZ
BioTITE
ANKERITE
CHROMITE
PHLOGOPITE
OLiGocLAsE

CALCITE

- QUARTZ

PHLOGOPITE
BIOTITE
DOLOMITE
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