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Introduction

The National Institute for Occupational Safety and Health (NIOSH) has
underway industry-wide studiles to assess the chronic health hazards from
occupational exposure to respirable fibers. These studies include
epidemiological studies of exposed worker populations to determine health
effects which may be attributed to the work environment, medical studies

to assess chronic health effects, and detailed industrial hygiene studies to

characterize the various agents to which these workers have been exposed.

During the week of June 14-16, 1976, Ralph Zumwalde, Mark Boeniger and

Robert Wheeler (ALOSH) conducted an industrial hygiene survey of the Interpace
Corporation in Willsboro, New York. The purpose of the survey was to collect
samples of airborne wollastonite, characterize its composition and evaluate
worker exposures. Approximately 60 alrborne samples were collected at various
mining and milling operations. Of these 60 airborne samples, 45 were per-
sonal breathing zone samples with the remaining 15 samples being collected at
stationary sites near processing operations. BAirborne samples were collected
for the determination of respirable and total dust and weollastonite fiber
concentrations. All of the respirable and total dust samples were also
analyzed for free silica., In addition, all stationary samples were analyzed
for trace metal {(Cadmium, Chromium, Cobalt, Iron, Manganese, Nickel, and Zinc)
content. Settled dust samples were collected at different processing operations
and were analysed in the same manner as the airborne. Some high noise levels
were apparent due to mill processing coperations; consequently, sound level

measurements were taken at various locations within the mill.



The following paragraphs describe the sampling and analytical methods
employed, sample results, conclusions and recommendations drawn for workplace
improvements and worker safety. To help reduce duplication of information, a
copy of the February 12, 1976 Preliminary Industrial Hygiene Survey Report of
the Interpace Corporation facility is attached (Appendix I). This report
documents the mining and milling processes, medical, industrial hygiene and
safety practices at the facility and discusses the potential problems with

the inhalation of airborne wollastonite.

Survey Procedures
The major portion of the survey was devoted to the collection of personal
breathing zone samples for documenting employee exposures at various milling
and mining processes. Perscnal alr samples were collected on the employees to
determine time-weighted average (TWA} concentrations for respirable and total
dust, wollastonite fibers, and free silica. Samples for airborne respirable
and total dust were collected at a flow rate of 1.7 liters per minute (lpm)
on 37 mm diameter pre-weighed MSA type FWS (polyvinyl chloride) filters. Total
dust samples were collected open faced with respirable dust samples collected
for trace metal analysis using 37 mm diameter pre-weighed Millipore Type AA
{cellulcce ester) filters. To determine airborne wollastonite fiber concentra-
tions both personal and stationary air samples were collected on open faced 37
mm Millipore Type AR filters (0.8 um pore size) at a flow rate of 1.7 lpm. All
respirable, total dust and trace metal samples were collected during the majority
of the work shift, whereas, wollastonite fiber samples were changed periodically

during the work shift as needed to prevent particulate overloading on filters,
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Free silica concentrations for air and settled dust samples were determined
using X-ray diffraction as specified in the NIOSH Crystalline Silica Criteria
Document.l Trace metal analyses for Cd, Cr, Co, Fe, Mn, Ni and Zn were
determined by atomic absorption spectroscopy on stationary air samples and
settled dust. To determine an index of exposure to airborne wollastonite fibers,
all fiber samples were analyzed using the NIOSH asbestos counting technique.2
These samples were analyzed by phase contrast microscopy at 400X magnification
with fibers (3:1 length to diameter aspect ratio) counted and sized into groups
of less or greater than 5 micrometers {(um) in length. These same samples

were further analyzed by transmission electron microscopy (TEM) using selected
area electron diffraction and energy dispersive X-ray analysis to identify all
fibrous particles., TEM was alsc used for determining fiber size (length and
diameter) distributions using a sample preparation method developed by ortiz3
and analyzed on a JEOL, JEM 100-B TEM at a magnification of 10,000X. A minimum

of 100 fibers were analysed on each sample.

Sound level measurements were taken at various mining and milling operations
for identifying potential excessive noise sources. Decibel measurements were

made using a General Radio 1565A sound level meter on the A weighted zcale.

Sample Results
Attached as Appendix II is a brief description of each job within the mill

and also the mine, a description of sampling and analytical methods utilized,



results of all individual samples, and appropriate summary statistics, All
job categories have been identified by a 4 digit job code. The first 2
digits represent the general work area while the last 2 digits correspond
to specific jobs within those areas. Tabular summaries of time-weighted
average concentrations by job category for free silica and respirable and
total mass dust samples {wollastonite) are given in Table 1., Presented in
Table 2 is a summary of the trace metal analyses of settled dust samples

collected at various locations within the mill.

TWA free silica concentrations calculated for each job category appear to be
within acceptable limits as recommended by NIOSH.l Some individual respirable
samples did indicate free silica concentrations in excess of the NIOSH re-
commended TWA standard of C©.050 mq/m3. However, there is some gquestions as

to the interpretation of these concentrations since the analysis for free silica
on most of the samples was reported near the lower detection limit of the
analytical method (0.05 mg per filter). Trace metal (¢d, Cr, Co, Fe, Mn, Hi,
Zn) analyses performed on collected airborne samples indicated levels near the
lower detection limit of the analytical method, hence, air sample concentrations
(ug/m3) for trace metals reported in Appendix II reflect these low levels,

The trace metal analysis of the settled dust samples, as indicated in Table 2,
substantiates the low levels found in the air samples, Iron was the only

trace metal found in any appreciable quantity (0.5 - 5.5%).



As reported in Table 1 all TWA concentrations for respirable dust were below
5 mg/m3, however, some TWA concentrations for total dust exceeded 10 mg/ma.
Since there is currently nc specific cccupational health standard for
wollastonite the standards for inert or nuisance dusts are applicable. At
present the Mine Enforcement and Safety Administration (MESA) dust standard

is § mg/m3 respirable and 10 mg/m3 total, whereas, the Occupational Safety and
Health Administration (OSHA) dust standard is 5 mg/m3 respirable and 15 rng/m3

total.

Listed in Table 3 are airborne concentrations for wollastonite fibers at various
operations within the mine and mill. These concentrations along with fiber
sizing were performed by both optical phase contrast and electron microscopy.
It is apparent from the data that fiber concentrations, both total and > 5 um,
within the mine are much lower than those found in the mill. BAlso, sample
concentrations in the mine for > 5 um fibers were similar for both the optical
and electron microscopy analysis. However, those samples collected in the
mill indicated higher > 5 um fiher concentrations when determined by optical
microscopy. This difference could be attributed to the high fiber density
per counting field which contributed to the difficulty in accurately sizing
and counting fibers. All reported fiber concentrations for both mine and mill
subatantiate those sample results previously reported in the February 12,

1976 Preliminary Industrial Hygiene Survey Report (Appendix I).

Samples evaluated by transmission electron microscopy were also characterized
for other fibrous minerals by utilizing selected area electron diffraction and
energy dispersive X-ray analysis at a magnification of 17,000%.4 & few

chrysotile asbestos fibers were identified from the 15 analyzed airborne samples.



However, these few asbestos fibers could have resulted through contamination
in handling and sample preparation methods. Illustrated in Figure 1 is a
typical photomicrograph, selected area electron diffraction pattern, and

X-ray spectrum of airborne wollastonite fibers found in the mill.

In addition to determining fiber concentrations on airborne samples, size
distributions were alsc performed on observed fibers using both phase contrast
and TEM. Samples analysed by phase contrast microscopy, as illustrated in

Table 4, indicated that $2-57% of the airborne fibers observed had diameters less
than 3.5 um, of which, 98% had lengths less than 50 um. Those same samples were
analysed by TEM at 10,000X magnification. Approximately 1300 fibers were sized
from both mine and mill airborne samples for the determination of length and
diameter medians. As reported in Table 5 the count median was calculated to

be 0.22 ym for diametersand 2.5 pum for lengths. This data closely compares with
the fiber size data reported in the Preliminary Industrial Hygiene Survey Report.
As the TEM fiber size data indicates there are a considerable number of airborne
fibers with small diameters and short lengths which were not resolved by phase

contrast microscopy.

Sound level measurements taken in the mine ranged from 104-112 4BA near the
drilling operations to 78 dBA on the loading dock of the mill. BAll sound level

measurements are reported in Appendix II.

Discussion
In determining any possible chronic respiratory health effects resulting

from wollastonite fibers, it is necessary to determine what portion of the
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airborne fibers actually reach the lung alveolar regions. The respirability
of fibers is not clearly understood at the present time. As was discussed in
the Preliminary Industrial Hygiene Survey Report, research performed by
some investigators have suggested that the physical parameters of the air-
borne fibers (e.g. size and morphology) dictate its respirability and potential

for producing tumorigenic effects,>r6

In a study to determine the airborne be~
havior of fibrous particles, Timbrell’? reviewed the mechanisms by which particles
deposit in the respiratory system, and addressed specifically the problem of
fiber deposition. His study identified settling, inertial impaction, and
Brownian diffusion as deposition mechanisms which operate for both compact
particles and fibers, In addition, he identified a fourth mechanism, direct
interception, which is of little significance for compact particles but which
may be of importance for fibers. Using an aerosol spectrometer he found that
the terminal settling velocity of fibers is mainly a function of fiber diameter,
with length being of secondary importance and that fibers with diameters less
than 3.5 um could escape upper respiratory deposition by settling and inertial
deposition and penetrate deeply into the pulmonary spaces. Timbrell's work

was substantiated in a later mathematical model study performed by Harris et
al,® in which as estimation of lung deposition of fibers was derived based on

the aerodynamic behavior of thin straight rods.

These aforementioned studies, in addition to postmortem studies of the lungs of

animals and asbestos workers?:10/11

; suggest that the majority of fibers which can
penetrate into the alveolar regions are within a size range of less than 3.5
um in diameter and less than 50 um in length. The fibar size data which has

been presented in this report demonstrates that most {92%-97%) of the airborne

wollastonite fibers found in the mine and mill are potentially respirable. In



view of this, it would appear prudent that exposures be kept at an absolute
minimum by the use of good engineering controls and work practices. In addition,
persaons working with wollastonite also should receive very close medical

survelllance and be advised of the associated potential health hazards.

It is difficult to interpret the free silica results of the airborne samples
since the analysis for free silica was determined at the secondary X-ray
diffraction quartz peak. It appears that wollastonite has a significant
interference at the primary quartz peak and a less intense interference
reflection at the secondary peak, making is somewhat subjective in quantifying
the amount of quartz. However, the sample data shows that some areas within
the mill had total dust concentrations that exceeded 10 mg/ma. And, with a
moderate free silica content (1% to 3%) assoclated with these high dust

levels, the potential for inducing respiratory health problems is enhanced.

It was noted during the survey that improvements had been made with the
exhaust ventilation around the bagging operations. These improvements, since
our preliminary industrial hygiene survey, have help to reduce total dust
exposure throughout the mill. Additional measures to reduce spills, improve
clean-up procedures, and maximize existing exhaust ventilation systems still

appears warranted.

Drilling operations in the mine and areas around the ore crushing operations in
the mill often had sound level measurements exceeding 90 dBA. It was observed,
however, that most employees working in these areas wore hearing protection.
Other areas throughout the mill often had sound level measurements between

78 and 89 dBA. It has been documented in the NIOSH Noise Criteria Documentl?



that 8 to 10 hour time-weighted average exposures to sound levels hetween

85 and 90 dBA can induce hearing impairments. Therefore, it is recommended
that employees exposed to these levels be requested to wear hearing protection.
It is also suggested that employees be made aware of areas which have ex-
cessive noise levels. Because of the range of sound levels found throughout
the mine and mill it would be advisable to initiate a hearing conservation

program with periodic hearing examinations.



Table 1. Interpace Corporation Concentrations
Summary of Time-Weighted Average (TWA)
Alrborne Concentrations by Job Title

Samples by Respirable Mass Total Mass Dust Concentrations (Wollastonite)
Job Title Free Silica (S8i02) Free Silica (5107) Resplrable Mass Total Mass
ng/um> mg/m wg/m3 mg/m3
0101l Driller <0.016 <0.018* 0.409% 0.332%
0102 Loader <0.066% <0.017* —_ 2.714%*
0202 Trucker Crusherman <0.131%* —- 1.346% -
0203 Beneficiator <0.065% — 1.555%* -
0204 Beneficiator Mill-Helper <0.069% - 1.488% -
0205 Miller - <0.079% - 7.250%
0206 TF-1 Miller <0.013*% <(.067* 0.618%* 2.887%*
0207 Packer <0.068* <0.068 1.545% 9,818%*
0209 Laborer <0,013* <0.066% 2.120% 4,637
0211 Maintenance <0,065% <0.162% 1.822 16.092%*
0213 Stationary General Area <0.079 <0.353 4.950 16,386
Samples (Milling Operations)

Interference at primary peak for 5107 required the use of secondary peaks. Therefore, reported TWA concentrations
for respirable and total mass S5i0O; are values determined at the lower limit of detection of the secondary peaks
(0.05 mg per filter),.

NOTE: (*) Represents one sample
(——) No sample collected
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Table 2.

Interpace Corporation

Summary of Trace Metal and Free Silica
Analysis of Settled Dust Samples

Trace Metal (ppm)

Sample Locatdion Silica
Cadmium Chromium Cobalt Iron Manganese Nickel Zinc (5102)
%
I-1 Settled Dust Collected 42800.0
. i 1.0 .
oot evusbos <3.0 24.0 <10.0 | (i 2am 1050.0 <20.0 3 <2.0
1-2 ::z;lggyz‘:“ Collected <3.0 24.0 <10.0 | 54800.0 1070.0 <20.0 23.0 <2.0
% Ffitgiggiggsgpgg;tigzed <3.0 13.0 <10.0 | 16200.0 983.0 <20.0 | 42.0 | <2.0
I;Zars;filgggg::; g;ﬁ:‘:ﬁi <3.0 10.0 <10.0 | 5070.0 932.0 <20.0 4.5 | <2.0
I-5 Settled Dust Collected
Near P-4 and C-1 Bagging <3.0 7.0 <10.0 5750.0 930.0 <20.0 11.0 <2.0
Operations
ISE Lg:gﬁ:%g‘c‘:‘ Collected <3.0 15.0 <10.0 | 7060.0 972.0 <20.0 9.2 <2.0

NOTE: All 5102 results were determined at the secondary peak because of interference at the primary peak.
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Table 3. Interpace Corporation

Time-Weighted Average (TWA) Airborne

Concentrations for Wollastonite Fibers

Phase Contrast

Electron Microscopy

Samples by Microscopy 10,000X Magnification
Job Title 400X Magnification fibers/cc fibers/cc
fibers/cc > 5 ym in length total fibers
> 5 ym in Length
Mine
Driller 010
Loader 0102 0.27 0.33 5.4
Utility Man 0103
Mill
Trucker Crusherman 0202 0.78 0.91 4.6
Mill
Beneficator Mill Helper 20.0 11.1 33.5
0204
Mill
F-1 Miller 0206 47.7 17.5 51.9
Mill
Packer 0207 32.0 13.1 B5.4
Mill
Stationary General 0213 15.8 9.7 40.1

Area Samples

=12-




Table 4. Interpace Corporation
Fiber Size Distribution Data as
Determined By Phase Contrast Microscopy

Mine and Mi11 Percent of Al; Fibers Counted
Operations 2
(composite of samples) Diameters Lengths
< 3.5 um <5 um < 10 ym < 25 ym < 50 ym

A1l Mine Operations 96 79 89 97 100
Beneficiating/Milling 92

Packing/Bagging 95 27 60 91 98
All other areas in Mill 97

NOTE: A fiber was defined as any particulate with a 3:1 length to diameter aspect ratio and
with a lengtbh less than 50 ym.
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Table 5. Interpace Corporation
Fiber Size Distribution Data

As Determined by Transmission
Electron Microscopy

Fibers Measured Count
in both Mine and Median Range
Mill (um) (um)
Diameter 0.22 0.1 - 5.2
Length 2.5 0.3 -~ 41.0

—14-
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INTRODUCTTON

As part of the Kational ITnstitute for Occupationa! Safety ond Health
(NTOSN) industrveide studics of industries prodocivg and uliliziog
naturally ovceurring fibrous minerals, o prelimioary fadustiial hivpiene
survey was conducled at the wollastonite operatioa of Che Tnterpace
Corporation, Willuborvo, Roew York, Thin survey wies perflorsod by Robert
Wheeler (ALOSH) and Marlk loeniger and Ralph Zomealde of the Bivision

of Surveillance, acard Bealuwations, and Vield Stodice on Uebrooary 12
1970, In addition to obacrving the milling process and contrel mensares,
preliminary air sowpling for charvacterization of wollastonite wias cou-
ducted,

BACKGROUND IRIMORMATION

Wellastounite (Ca&iGs) is a naturelly ocewrring fibreus caloinr cilicale
vhick s rarely [ound in larvpe amounts because of ihe rather unique
mineralopical conditions yeguired fTor its [ormation. LU 1. therolore
minced comnmercially only in a few places avound the world,

The Cabot Corporal ion purchasced the mineral rights ta the Widlgboro,

New York, wollastonite deposit in 1951, The depenit was conservatively

estimated at 15 wmillion tons. In 1953, the Cabat Corporation completed

constyuction of a 60,000 ton per year mill for precessing the ore.  This
operation was latcer erpanded in 1969 whon the Interpace Corporation pur-
chascd the mine and mill.

Six prades of wollastomite are processcd. These grades are designated by
comawercial use, {iber content, and particle size. Some of Lhe commonly
associaled minerals found in the wollastonite deposits are gemnet (457),
diopuide, epidote, caleite, and quartz, most of which are salvaged as a
by-product and marketed prinarily as abrasives. Tinished wollastonite
has found untility in ceramics, paints, welding [Juies, plastics, cemunte,
wallbonrds, and glass as filler. It has also been expeviecntally used as
a soil conditioner supplying silica and calcium Lo deficient sail.

DESCERIPTION OF PRUCISS

Mining

The mine is located approximabely two miles [rom the mill. The prescent
mining method employed is opon stopes with regular pillars  advancing up
dip. 7Prior to 1959 orce was recovered from an open pit until the depth
of overburden became excessive.

The mine is beiup presently minad on three levels, Ho. 1, Ho. 3, and No. /4.
A second havlage driflt is Leing opencd at aa uppoer level and sceveral wes-
tical interconneccting shalta have been drilled to lmprove veulilation,
Natural draflc ventilation iu relied uvpon during the wvinter with forecd

10-



aiv helng mroduced by vane axinl fans positioned at Che mine portals duriag
susmer.  Booster vane axial fans are also provided to establish a continuous
flow of air through the worvking JTevels,

Moust of Lthe cimployees al the wine are engaged in drilling. The drilling
in done wel utilizing lwo Goardner Denver Jumbo drills, one of which is
operated by dicsel power, the other by compressed air,  When blastiog

in npeceassitated, it is always porfcrmed at the end of the scecand shift
to allow tine for the dust Lo ¢lear, Ore is collected veing a dicsel
povered pay doader and lToaded into dump trucks,  Seraping is ne loneer
beive ntilitized as a means of removing ore from the {ace of (he mine.

Killing ,

The mill site consiscs of the mill, mil) chapge house, and office building.
The ore 1e processed to scparate the wollastonite [rom Lhe parnet and diop-
side and to reduce the wollastenlite to six grades of coarscencess.  The ore
from the mine is dunped into a crusher pit, scraped to a pan feeder, and
divcharned throngh an 18" X 30" jaw erusher, An operator is statioved atv
the Jaw crushier (o direct the rock dnto the crusher and waintain an cven
feed,  The primary discharge is passed over a sereen (Tyler Ty-Rochk) with
che winus fraction passed througl a parrallel (low, oil-{fired drver, The
oveirsize is dirccted to a gyratory crusher (Teleswith) feor additional size
rediaction.  The dryer discharpge and secondary erushor discharge are in
closed eircuit with -~ screen {(Tyler Ty-Toclk). The reduced erude ore is
metered to one of twoe roll crushers for further reduntion. The voll crusher
dischnrge is passed over high frequency, Jow amplitude screen (Derrick) for
separation in various product gize ranges. These sicce classifications are
fed at a prederermined rate through magnetic scparators., The garnet and
diopside, being Tecbly magnetic, are held close to the lines of magnetic
flux of the induction rotor. The wollastonite being non-magnetic pauscs
through the maginctic field oad drops onto a conveyor belt and tranc{erred
to storage tanks.

The purificd wollastonite con be ground into four product sizes within
pebble wills.  The pebble wmills utilize an air separation system to soparate
the vollastonite ifnto different size fractions cnabling the divergification
of ead products,  Two additional "fibrous" producls are manufactured on an
attrition mill. All finished preoducts are bapged and/or shipped in bulk

by truck. The wollastenite mill processing flow diagram is illustraled in
Figure 1.

PERSONNEL

The Willshoro operation currently employs 60 hourly employees, and 12
salaried employeos.  The number of workers has vemoined Tairly coustant
since the start ol operation in 1953,

The mine operates on twe shilts wilth anaverage of cight workers per shift.
The mill operares on three shifte, employing aboub twenty workers on cach
of the first twn shifts and three during the third shilfts. ALl hourly
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cuployees in the mine and mill are represented by the United Steel Worlkers
of America.

HEDTCAL, SAVEIY ARD TRDPUSTRIAL HYGIERE PROGRAMS

Modienl

A1l new employees are required to underpo o pre—-caplovaoent physical. A
locel physiciqa, Dr. Movconnd, pecforos the physical cuaninstions and ds
on ¢all il an cemergency arises,  Up entil 1965 eovery eviployee wvas piven
moannual physical.  The mandalory wanoual exam wan then limiled to Lhe ten
oldest seniovity ewployecs.  However, any employee will bo granted a
mnedicnl examinaiton i it 18 reguested., A sooowmle soedicol cnan card, which
is used on buth pre-enployment and annoal physicels, can be seen in Pigure 2,

Safety

A Tormal safely propgrom is active al the Interpace mine and mill,  Fach
cuplovee is jesued a lict of safely rules with which he is cxpected Lo
acquaint hiwcer{ so that his actions do not provide a harardons gituvation
Lo himeeld or others.,  The program is upder (he diveclio: of the mine and
plant superintendent. A staff appeinted gafcely man (on a rotational
basis} condvcets an unimounced inspection of the nine and mi 1 and roports
his findings at o monthly ctaff saicty meetiung. Teo dncontive avards are
offered te the coployers who have dorneastraled sale work practices. Al
least one woilier on ecoch shift ds trained o performing firsc aid,

The workers in the mine and mill arc all provided with safecty glasses, safoly
shoces, and hord hots, Worle clething ie not provided. Selfl-ivescuers are
provided for 211 mine poersonael. Change rooms and showers are provided at
both the mince aud mill.

dndustrial Hypiene

No industrial hygicnist ie cmployed at the site. llowever, from recowm-
mendations resulting from several surveys perflormed by povernment (Mine
Enforcement and Safelty Aduwinistration and New York State Health Department)
and private underwriters, changes have been made to improve the general
worling envirveusent., Eight [abric baghouse filrters have been installed

Lo remove dust from local exhaust veonts in the will, These have greatly
reduced the dest released at the magnetic separators and the bagging opcra-
tiors. DNowever, installation of additional local exhaust ventillation
appears warrauted.  Accumulations of scttled dust were noted on ledges wend
machinery. The company lLas provided a central vacuum systom with talke-off
conneckions on Lhe wvpper floors. Efforc is being directed at recycling
baghouse wiasles and other settled dust back dnto the product line without
sacrificing Lhe quality of the product.

Dust respivators are uot required to be worn by any of the workers, although

some workers were obscrved wearing them.  Respirators are available upon
requestl,
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PLESCRTPTTOW OF RECOLDRS 5YLTEM

Personnel records aie available Trom 1957 1o the present. These include
gsocial sceur iy nu b oy worl Wistoerien; apge, work title, and Jost time
characterized accovding Lo aceident or J1lnesa, Mool prosent and

pasl worl evs are cosibly tracesbdlo beeanse of the rural location and
stabilitcy of the penaloation. Hoedieal records are retained on all past

and proseat workers,
TNSPRCTUION O THE PLANT

Yotrenti.T Dxposures

From the observaticrs mode dusing, thic somvey and the results of the
measurcmenls nade, the followi.g concluions are drivn and recomaendations
for dmprovemncats moade:

1. There appears ro be sipniiicint exposare to respirable wollasrouite
in vericus process ag arceos, Nao hucea data peenent iy exists to indi-
cate respiratory probleas duc to such cupesure, hovever, it nust be
emphasized that human expericence with this mineral & limited. It
would appear predoat thai expocares to respirable wollasionfte fibers
be kept at an absolute wmicoamny by the use of good work praclices and
enpincering contrels.  Thoe vee of Droons and hand broshes for cJomming
shouid be eliminaied in Tavor of wuch cleapcr vacuv, methode, (n
addition, those persons werking in arcas of excessively bigh dust
exposure should be reguested to weor reoepivatory protection unless
they have an exdstiog health problow vhich prohibits it, in vhich
cast, they probably should be removed from this work cuvirvonascot.

2, The workers in the mine may be exposced to excessive levels of carbon
monoxide and nitrous gasces (Mo, Njy) released during blasting and
by the operation of the diescl enpine equipment. 1t is recenmended
that' the mine cnvirvonment be monitored to determine levels of oxposure,

3. ign noisc levels arve prevalent in both the wine and mill, Within the
mill, high noisc levels existed around the crushing and grinding opera-
tions.,  Sound level measurcuents should be made to determine if exces-
sive noise levels exist, 1 excessive, an appropriate hearing conger-
vation program should be scot up, Drillers along with others in the
immediate mine arca should continue Lo wear hearing prolection.
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SURVEY PROCEIRURES ARD DATA ARALYSIES

The wajor port iom of the survey was devotoed Lo observalion of mifliong and
mining procedines, exposwm e control practicen, aud plant pervsomel record
assessmenl.  Bull samples of Lhe fionished prodaels alony with a Piwited
number ol air sanples were collecled tor the purpone of charactevizing
wollasitonite,  The air sanples were collected in the wine and ab various
proveags operal iong withino the wilte The collection wedia used tor air
sampling were 37 om Millijpooe Type AN cellulose ester wmembrane fillers

(0.8 pore sisc) and 27 pm Ruclepose membrane filters (0.8 am pore

size), The sempling instrorentas wore ealibrated ot a flow rate of 2.0 1pm,

Laboratory analy:ses were peilormed on all airborne saaples and/or bulk
samples for trace metals (G, Cr, Co, Fe, M, WNi. 7n) by atowic aslorp-
tion, free silica by x-ray dillraction aid fiber size distributions and
fiber concentrations by optical and transmission clectron microscopy.

All Millipore AN adr samples wvere evoeluoted using phase contrast wiero-
scopy at a magnification of 400%. (NIG3H/08HA wethod fo1r counting
ashestos. )1 This analytical method wog used to costablizh an index of
exposure (filers/ee) and four determiniag the relotive size of the Fiboers
(diaweter and lenpth).

The clectron wicrascopy analysis of the colleataed senples was performed
using a JEOL 100-D side enlry transmissicen elcctiron wicroscope along
with an etiached EDAX encipy digspersive x-ray manlyzer,  The vollecated
air samples were prepaved using a transficr mewbrane filter technique
utilizing a 260 wesh, foruwves fearbon coaded grid and observed Ly trans -
mission electroun microsuopy.l Utiliring this wetlod, the air zauples
wore analyzed at 5,0007, (0,000¥, and 20,0008 wmapaificsiton to determine
fiber and particulate wmorphelogy. To document and verify the obscerved
fibrous natericl, both eneryy dispevsive ®x—-ray analysis amd selected
arca clectron diffraction woere performed.

RESULTS

Industrial fy;icne

Due to the fibrous nature of wollastonite both optical and electron micro-
scopy were utilized for determining an index of exposure (fibers/eed.
Fibers were defined as having an aspecelt ratio of 3:1 or greater. all gir-
borne samples were analyzed for total fibers and {ibers greater than 5
microns in Jength,  The microscopy analysis was perforncd ot 400X napgnifi-
cation phase contrast and 10,000 magnification transmission e¢lectron micro-
scopy. Table 1 illustrates liber coucentrations found at various locations
within the mine and will. By characterizing each somple for fiber size
distribultion by bhoth optical and electron wmicroscopy, a good comparison
between optical and elcotron microscopy concentrations for [{ibers preater
than 5 mierons wan achioved, 1t g apparent that a 2-4 feld incircase in
total Tiber concentrationg cxists with the electron microscopy analysio.
This Jdifference can probably be contributed to the increase in magnifica-
tion and resolution of Lthe clectlron microscopc.
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Along with the tabulatiaon of airborne fiher concentrations, {ibers were
also sized by diawmeter and length to determine airborne [iber diameter

and lenpth data, This was accomplished by sicing approximately 600 Tiboers
by transwission clectron microscopy at 10,0005 magnilication, All aivborae
simples were evaluated vsing randomly selecled field for fiber sizing. The
fiber size data is shown in Table 2.

To help characterize the miuneral, energy dispeorsive x-ray analysis was
perfoimed on individual fibers (o determine the elemental make-up. A
Lypival wvallastenite Fiber si=ray spectra is filustvated in Figure 3. In
addilion o the x-ray speclya characterization, clectron micrographs of
typleal sample Ticlds were alseo taken at 2,000% and JO, 0008 magnification,
Two cuch sample ficlds are illustrated in igures 4 and 5.

The anolytical results for trace metals (Cd, Cr, Co, Fe, Mn, Wi, Zn) and
fres wilica obtained from gix {inished products amnd two settled dust san-
ples are shown in Table 3. These samples were analysed Ly atomic aboorp-
tion end x-ray diffraction, respectively.

DISCUSBSION ARD RECOMMERDATTONS

The Tiber sizce dota obtained {ron the eleetron microscopy atalysis indicates
counl median measurements of 0,20 wicrons Tor diameter and 2.0 microns for
lengths for airborue wollastenite., DRecause of these physical divensions ajr-
borne exposurces may be respirable and harmfol to health.  Although the ros-
pirvabi ity of alrborne fibers is pot celearly uadersteod it is theaght to be
mainly dependent oun the fibey diamcler. Tiwbrells'3 work suppcets that the
teo ;meior mechanisms of fiber deposition in the upper airways (setllowent
induced by gravity and inertial deposition) arve chieflly dependant upon par-
ticle free falling speed (i.c. equivalent Stokes' diamcter). TFibeors with
densitics less than 3.5 g/en” and less than 3.5 pm in diemetler may wescapo
deposition by these two mechauisms and penctrate deeply into the Tungs.
Airboroe wollastonite fihers satisfy both the density and Tiber digmoeter
requircments as stated above and may be considered potentially respirable,

Recent studies utilizing fibrous particulates have indicated potential
adverse physiological effects.  Once such animal study performed by rott?
has shown that the fibrous strocture of chrysotile, with Jengths of 2-3 um,
arc caveinogenice. Polt conceludad that fiber shape and size was a more
important factor in carvcinogenesis Lthan trace wmetal couteminalion.,  In
another study conducted by Pote, et.al.,d it was demonsircted that olher
fibrous dusts, after intraperitoneal injection into rats, induced tumcrs
equivalent to that produced by the same dose of fibrous chrysotile.

A study perfloriaed Dy Uefner, eL.al.,6 showed a comparisen of the relative
rates of hemolysis induced by various fibropgeniec and non-fibrogenic par-—
ticudates with rat ervthroeytes in vitro. Attoempls were mode Lo mezsure
Lthe awount of hewolysis of the cell with a variety of particulates (i.e.,
chrysetile, tale, kavlin, bLrucite, actinolite, wellastonile, Min-U--Sil
silica, cLe.). The percent of hemeglolin not released [rom the cells by
hemelyvais was measured with o functlon of time. Results jindicated that
only Hin-U-5i1 silica, chrysotile and wollastunite woere all potentially
hemolytiie,  loth chrysetile and Hin-U-5i] wilica have been shown to Le
fibropenic o vivo as well as hemolytic in vitro by numecrous dnvesUiga-
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tory, hince, for these two particulates a direct corvrelation belween in
vivo ibrogenesis and in vitvo hemolysis exists, The {ihropesic dctivity
of vollastonite Las not been eviluanled In vive, hovever, the Lhesolvlic
potential of wellastonite is in the same ranpe as Lhat obtained for olther
filropenic particualties.

The conclusions indicate a need for an epidemiolepical cvaluation of Lhe
redat fonshidp ot worher exposure to wollastonite,  Boevause ol the sanll
wolk foree and caployment stability 0 would be odvontopeous 1o perborn

a lollow-up morbidity study.  As a guidoline for the detection ol poneible
chronic offeets, the medical study which vas perloried al Che Taterpace
Facility by Ire Bleinficld apd staff, Noew York Slate Departoment of Lobor,
in October, 19064 could Le utilized, This study included a comploele medical
worli-up {i.e. physical exacinctions, chest roentocenoarams, olectrecerdio-
groge, pulmonary function tests, ete,) ceodveted on fifty-rive piant
woriiers (ininers and willers) wiith an odditional thirty-two males serving
as o ocontrol gt'oup.7
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TABLE 1

Interpace Corporation
SURHARY OF FFTBER CORCENTRATIONS™ (F1BERS/CC)
FOUMD TN A WOLLASTONITE MINE AND MILL

e -
SANDLL OPTICAL KICROSCOPY HHELECTRON MICROSCOPY
RAA 4005 | 10,000% |

LOCATTIONS Tatal Fibere Total Fibers

Fibevs > Fibers >

o hminersdee I mierens it iLibers/ocih microns.

Hine 0.35 0.26 1.14 0.33
] S L L ] \’C]

Hine 1.4 0.9 7.2 0.9
2nd lLevel

N IS Y JUEUUUUURUN & DU RO —
y ;

e 0.43 0.3 I 1.6 0.24
Ird Leveld ;
R SR A | SV NS
1311

P\"'ih]fll‘}’ 40.4 25 5 4 ]6].2 24 5
Cruahcr ]

Mi11 [

Secondury] 70.0 41.0 132.0 30.3
Crusher _

) !

il 85.0 43.3 { 236.0 67.9
Dryer ]

4911 ]

Bagging 20.5 10.3 39.9 5.1
(perations

* ONLY FIBERS WITH DIAMCTECRS LESS THAW 3.5 mMIcRrons
AND LENGTHS LESS THAN L0 MICRONS WERE COUWTED
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Interpace Corporation

Lrvinl. 4L

SURMARY OF ATRDORNE WOLLASTONITE
FIBCR SIZE DATA

DLTERHIELT BY CLLCTROM FICROSCOPY

R e L LTt

¥ et =

Geometric

) Count Standard

Fiber Median Range Deviation
Measured (o) {ym) vy
Diawmeter 0.26 0.1- 3.2 2.7
Length 2. .4-26.0 2.5
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TABLE 3
Interpace Corporation

RESULTS OF TRACL METAL AND

FREE SILICA ANALYSIS

WOLLASTONITLE
Bulk and R Frec
Settled Trace Metals ua/g Silica
F -1 0.8 |3.5 3.3 |6G06G0OL10D7017.0 2.7 < 3
C - 6 0.5 3.7 16.7 (16370510201 2.0 7.4 < 3
I R R N N R e I Sy T
P-4 0.5 {1.8 |4.0 |4820]1020|3 0 (9.6 | <3
po- 1 0.5 |12.0 |3.6 |525041160(2.0 (14.0 < 3
C - 1 0.5 |2.0 |3.6 8061050 |13.80 7.3 < 3
10 0.5 13.6 |4.6 |5340| 990)14.0 4.5 < 3
11 1.0 |10.0(6.0 |5980(1030(10.0414.0 < 3
—t '_ '-_.,__._,",_'_"I_'_ -~ — .__...,..__5:_-_____.-________
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TASLE 1, J78 DICTICKARY

0131
ViR
0103
0i0¢
0201

6202

0203

0204

0205

0204

0207

p2os
- 0209
o2io

. 0211

_ CODE

LABORER

__ J08 TITLE . .

DRILLER

LCaZER

UTTLITY HAN

STATICNARY GENERAL AREA SaHPLES

_COLLECTED AT VARICUS LCCATIONS mITRIN THE ¥IvE .

TRUCKDRIVER

TRUCKER CRUSHERMAN

HENEFICIATOR

YENEFICIATOR MILLER=HELPER

HILLER

F=1 MILLER

PACKER

_ TRANSFERS GRE FRUM FINE 10 KILL

TRACTOR TRAILERMAN

SHIFT BREAKER

BENEFICIATOR, MILLER AND PACAING CLASSIFICATYONS e

MATNTENANCE

DUTIES 1
. =8
CaParp kb LF DIILLIAG, -
_ PLACIAG EXPLCSIVES AwD SCALING
LUADS NHE FHCH HMIAE INTU e

THUCRS, HELPE »CVE CRE QUT UF MINE

SERVICES ALL RINE EGUIP= '“I
HERTy INCLLDING #IHING AMD MELDING

STATIL~ARY SAMPLES

I.CAD AND CPERATES TRUCK,

i
CFERATES PHIMAKY CHUSHER I
DRYING, SCREEMIAG AND ASSUCIATED ESUIPYENTs TACLUDING .-
CLEANING AU TEKING SANPLES —

CFERATES FINE CRUSHING, E

ING CLEAMING AND TAKING SASMPLES

PERFCHES SAMF DUTIES A9’
HILLER AMD BEMEFICIATGR, HELPS CPERATE AND CARE FOR
ELUIPHENT e
CPERATES ALL NILLING. .
SEPARATINGs CLEANING, TAMING AMD TESTING JAMPLES, .
PEFORMS QUALITY CCATROL wHEN MECESSARY ~~~ 77 ~°° =
CPERATES F=1 MILLING. o ) i o
CLEANS adD TAWES SA=PLES,” RESPCONSYuLE F2R Qi aLlTy

CCATRGL FQOR F=] PRJDUCT, HELPS BAG F=1 PRrpicy

HELPS RBAG, PEHFLH%S
SCYE WAIFTENANCE ANC ASSISTS In LUADING TRUCWSAND
BLX CARS !

CAPABLE OF DRIYING THUCK

AND 43SISTING LN KEPAIRS -
- Ll SN RRRALTS I=
4391378 PACKEH, RELPS -
_LUAD TRULCKRS AaD ECX CARS, MISC, JOBS AS RFQI IRED s
FILLS IN FOR CRUSHEWMAN, .

SKILLED IN TKE REPaIR
AND MAINTEMARCE CF MILL AND MINE MACRINERY, SPELDS -
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ThRLE 2, JAwPLbag SHOCEDUKES °

SAYPLING RETHGD awaLYTICAL TELn, , o o

1

._:)__AA‘.‘-E_‘-_F

ROLLAATANITE TUTAL DLST FIBFR 812¢ NPT, .
TUTAL ©LST SAMPLES wWE CLLLECTEDS Cn CPEn FACE sk MIL-
R - = - t LIPLRE FILTEKS (0.8 um PLKE SIZE) 374 DIAMERER KITH
\ ' i FLOr RATE OF 1,7 LITERS PER HMINUTE, JA4PIE* wERE P=
. REPAKED AND aNALYSEC USING TWE KRICSH/CSra &SPESTCS C=
QUNTING METHCU, FIERS abRE SIZED BY LENGT# &ND DIAM=
ETER nITH FIAER CONCENTRATIUNYS ODETERMINED FQm FIBERSe

i

|
I

e h ko4 m e

. e . GREATER THAN 5,0 U¥ It LENGTN ANG EXPRESSER A8 FIBER= ..
R — - - - § PER CC, CPTICAL “ICRCHCOPY/FWaSt CONTHAST, ol
. '
i-L_nl?-___ﬂ_C!F{I_TE TOTAL HaSS GRAVIMETRIC o . e e ______1'-
|1 TOTAL PASY SaMPLES 4RE CULLLECTED ON REA PCI ¥ INYL CHe ¢
-l LORIDE FILTERS (5,9 YH PLHE SIZE) 37MF DIAYEWEER WIT= |
o H & FLCW RATE 3F 1,7 LITERS PES MINYTE, FII TR ARE = 'a
N T . TWEIGHED TU THE &FA~EST U.) HG LIING 4 CAHMM GRAM ELECw ¢
e THCBALANCE AMND DLAT CUNCENTRATTICNS WEPCRIEY 28 wpsu3, |:
_ te
»| WOLLASTONITE RESPIRABLE MaS§3 GRAVIMETRIC _ =
g RESPIRALLE MASS SavPLEY ARE CULLFCTED Ch M3A POLYUIN= |7
" YL CHLORIDE FILTEAY (5,0 U™ PCRE SIZE) wiTe 4 FLCW Re '
= ATE CF 1,7 LITERS PER MINUTE, NYUON CYCLONES (fGMm) = -
n ARE UBED FUR SIZE SEPARAJILN, FILTFR3 aKE “EYGHED TOw 7
- THE NEAKEST 0,1MG USING 4 CAWHN GRAM ELECTAUBALANCE A= 1w
T MO DUST CONCEATRATICNS REPCRTED AS WGyM3,” "7 7 e
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TagLE 3, I4OIVIRUA), SAMPLE RESLLTS

TIGRAYIMETRIC

i

c e m s

Yo

’I
\f .au_ AGENT] wOLLASTONITF
o " SavP E METAOD/ANALYTICAL TECHNIGQUEER TOTAL MASS
i
© . Joe SUIFT SAMPLE  DATE TIME
I:f‘ CODE  “AN &0, NO, oM
|
‘J__, olor _ 10 uts 06/15/7% 0916
. TIME sEIGATED AVE,z 0,332
1
SR T H 16 025 Ds/iS/te  0BU4E
i
| TInE rEIGWTED avE,s 2,718
- F 0205 1 v20 06/16/78 4846
i-i“ TI4E “EIGHTED AvE,= 7,25¢ ~  ~ ~ 7
i‘L—- o206 10 217 06715/76 0734
! YIWME WEIGATED AvE,n 2,887
.Lmﬁ'02914d7 10 023 0b/16/Te__ 0745
-1 TIME WEIGHTED AVE,= ,818

-{""ozoq - ia 016~ 08/16/76 " OTu3y T
i
|

‘azae ’ 022 T oe/s16/Te T 0723

“)

Py R YT KETYTE G -
'l

‘ TIWE WEIGHTED AVE, > 4,439

0zl 10 [3Y.] 06/18/T6 0720

!
0213 12 013 __ 06/16/76 0852
TIME #EIGHTED AVE,n 22,714

o TInE wEIGRTED AvE,= 14,092
- 0213 13

F
.; TIAE WEIGRTED AVE,= 21,105

Tr AWM TWEE

024 0b/16/76 0906~

0213 14 [J ¥ 0b/16/76 0919

§
r‘ {IME =EISHTED AvE,s 8,301

- TIME wEIGHTED AVE.a 13,177

TELETEFEC

EECCEL

R 3 3

___Lr1is .
rG /MY . i .
It SPUR LEYEL CF MIAE
MG/ - i
LCADING TRUCK FIRST MINE LEVEL
MG/M3
- __NEan LRYER
MG/M3 - R
_ MG/eI =
BAGGING P
TRGAMY T N
MOVYING BAGS HELPIKG PACHER
MG /NS
RAGGING F=}
HG/MY
‘ #ORKING ANDUND MILLING DPENATIONS
HG/M3 o
NEXT TO HILLS SARPLED wiTh NO, 15
'
MG/u3 T T e T
NEXT 1O P=4 BAGGING OPLRATIDON JAFPLED RITH Nr,8
J
MG /M3
NEXT T0 F=i BAGGING QPERATIUN ~
__MG/H3

)_9'?_1_.3 _ A5 vRe  06/18/76 Fi6 L

ATATIGNARY NEXT TO F=1 SAGGING BELOW SEPARATrAS

o — —

4 P33 +tan T RYT
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Fltbere

I TUTU PR T TATTY
d AGERTE woLvASTONITE . )
(7TTTSAMPLE MET-OD/AnALYTICAL TECHNIQUET TOTAL »48S /GRAVIMEIRIC )
' ____JdrB a0, QF  RANGE HG/M3 MEAN  MEDIAN  T,n. STANDAHD STAMOAMD _JUB TITLE .
T CODE 9&4PLES (RI=L0u} MG/MY  wG/M3 AVE, DEVIATION ~  ERHON )
‘ 0101 oo! 000,332-000,332 0,332 0,332 0,332 0,000 D,000 BNILLER :
he o 0132 00t 502,710=002,704 2,704 2,714 2,714 0,000 0,00 LGARER .
.'i ARE A N
. of  _ 002 002,714=000,332 1,523 _ 1,523 1,684 1,191 ) .
|i )
; 0295 ooy 907,250=D07,255 7,250 7,250 7,250 0,000 0,000 9ILLER N
| 0206 a0l 002,B87=002,887 _ 2,RB7__ 2,AB7 2,887 0,000 0,000 F=1 KILLER .
! 0207 001 009,818~009,8i8™ " @ AIR 9,818 9,818 G.0uf 0,000 PACKER -
! 0209 002 006,333~002,893 4 b13 0,613 4,639 2,432 1,720 LARDRER :
, p211 001 01b,092=016,092 16,992 _ 16,092 16,092 _ 0,000 0,000 MAINTENANCE .
.’_'""‘— 8253 008 022,T10=008,308 16,320 {7,541 16,366 6,781 3.591 STRTICWARY BERERAL AWER SAHPLEY .
. AREM o N
X! 02 00 022,714=00Z,887 11,087 9,060 7,040 2,226 -
- . .
- PLANT TOTAL "
. _ b2 022,710=000,332 9,468 7,776 7,388 2,133 c
N :
. - T E
r'l :
.l :
| 5
.l i
. .
T e e oty
i B l:
. i
.- Te)
4
e - — -— ———— - -
t '
b .
j.— - — = - ————— - 1
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TABLE 4,

S5Tafls8TIcy

ACELASTONITE

LB RETAGC/a%apL Y1104 TFCHNIGIET RESPIRAGIE mASSZGRAVIMFTRIC <
, _J38  wU, OF RAMGE ™MG/PD HLAN  MFOfAG T, W,  STadpaku S§Tawnscany  JLB TITLE
CODE  SaMPLES (HI=0L0%) MG/MY  MG/RY AVE, DEVIATIUN ERRURA
0101 no2 000,519=000,306 0,433 0,413 0 U9 0,151 0,106 DRILLER
1
i AREs o |
} 01 002 000,519=000,306 0,413  0,u(3 ty151 0,104 ‘
T To2c2 7 coy 001,34s=001,348 4,366 1,384 1,30a 0,000  0,u00 THUCAER CRUSKERWAN
‘ e2¢3 001 00),555=0uU1¢5%F 1,555 1,555 1,555  G.0uD u,6ud BEMEFICIATOR
0204  op} OCi,UAR=AD1, 08B  t 4B& 1,488 | 4BB 0,000 0,000 ULNEFICIATOR MILLER=NELPLR
0206 pol 000,61 R=000,618 ~ 0,618 0,618  0,k1A 0,000 0,0n0 F=1 “ILLER
0207 €01 0¢1,545=001,545 |,545 1,545 1,54% 0,000 0,000 PACKFR
. 0209  poi 002.120=002,120 _ 2,120 _ 2,120 _ 2,120 _ 040060 _ 0,000 LABURER
! 02114 oc2 opl, 835«C0U1 B0B TT ¢ 822 T 1,822 1,822 7 6,019 0,U13 "HAINTENARCE
; B213 GoZ 006,504=004,415 4,960 4,980 4,550 S,013 5,940 STATIGNAHY GENERAL AAEA bANPLES 1
. . A et —— |
: AREA '
' 02 ¢10 00B,Sou=0p00,618 2,223 1,550 2q242 0,709 !
|
—PLANT TOTAL T R !
012 g8, Soan000,306 1,922 7 1,517 2,147 0,620 |
l ——— s ——— b — ——
: END OF REPORT
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TABLE 3, INODIVIDUAL SAHPLE RESULTS

I
]
AGENTY B]ILIC - ———— . {1\

9AMPLE METHOD/a%aLYTICAL TEEthDUEl 10TAL Pa5S /X=RAY DIFFHACT,

J0B SHIFT SaMALE DATE TIME TIME - YNLUME cone, UNITS FREE SILICA (5'0) ANALYSIS - - e ———

CODE Haw ND,  NUO, on DFF M3 w '|
B

olvi 10 019 06715774 09146 1435 0,5422 0,018 MG/H} <.ol %0 ""a/nH'El‘ i e e

TI®E WEIGHTED AYE,n « 0,018 :-;

6102 to a25 Qb/15/Th 0Bus 1435 0.5932 «0,017 MG/M) < .0} 5:03 "“a/;r’flﬂ S e e

TIHE =EIGHTED A¥E,z <D,017 Cin

b

0205 1" 020  0b/1e/76--— DBUL -~ 1456 1.6289 0,079 MG/K3# . < .05 5t°1---"‘a/mf=l _— AN
TIME wETGHTED AVE .= € 0,079 ;

0206 1B 017 -  0b/16/T7h-— 0734 — 1452 0,7845 - 0,067 MG/H3* . — £,05 510y - ma/ﬂH'F-K _:ﬂ

TIME WEIGHTED AVE,s <0,067 E.‘I
0207 10 t1s 06/16/76 — 0703 — 1454 -——~— 0,7326 0,068 MG/HIX -— £.05 S&if, - M‘a/“f'ER —. - —i?
0207 10 021 0b/y6sTE QTAS 1u54 0.7292 < 0,069 MG/H3E <.05 50 "‘3/;’”“ :

TIME WEIGHTED AVE, = <0,068 —— == - - - - - - -

. 5 O ;-l

0209 1A 0z2 ob/16476 0721 1347 0.7547 £ O0.086 MG/MIE < .05 ma/ﬁlfs& te1

TIME =EEGHTED AYE,3 £0,066 m e e - - — —_— = e - 40

' e 0, 511 i

021t 13 018 pa/16/76 0906 1510 0,6187 0,162 HG/MY A0S mg €8 -

TIME wEIGHTED AVE,= 0,162 e - — = - — =
lw

6213 12 a13 TYArTal 0852 1500 0,6255 £ 0,799  MG/MIH <-05 510; /-F-HER i-

TIME WEIGHTED AYE,= < 0,799 C e - - ——— --——-——~—q—-+--————H--——%.“

0z13 14 014 0616478 0910 1510 0,119 L 0,082 Hwﬂl““ <.05 5,0 "‘3/1CJH’EE I, <

TIME WEIGHTED AVE,s5 < 0,082 - - - e e e -3

0213 15 026 o0s/1a/76 0916 1510 0,6017 0,186  NG/M3I™ A 50y Mg/ﬁlfeq Ty
TIME WEIGHTED AVE,w 0,1b8 --———— e e s — - ———"

S e ————

i

- - S, - . e e ~— )

NOTE: @£ Indicates interference at primary peak.forced use of secondary peak for determination. S e — - "“;.:.’,

e mea e e . e ————- — =t
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- YABLE u, STATISTICS

et
5 T AGENTI STLICA . ‘ — - =
SAMPLE HMETHOD/ANALYTICAL TECHNIRUED TOTal MaSS /%=RaY DIFFRACT, o
, Jus WD, OF  R&MGE MG/M} HMEAN MEDPIAN T W, SQTANDARD STANDAKD JOB FITLE - ——————— e
- . CODE 8AMPLES (MI=LOW) MG/#3  MG/M3  AVE, DEVIATINN ERROR I
01014 001 000,uip=nn0,018 0,018 0,018 <u,018 0,000 0,000 DRILLER .
0102 anl Q00,01 7=0n0,017 0,017 0,017 «<0,017 0,000 0,000 LNADER - T e ——
AREA SR
- 01 002 000,u1a=000,017 0,018 0,018 v, 000 0,000 - s e
. 0205 001 000,079=000,079 9,079 0,079 < 0,079 0,000 0,000 MILLER ]‘:;r—'
—— 0206 - 001 000,067=000,0867 — 0,067 0,067 < 0,067 0,000 0,000 F=1 HILLER - - T e — —— — — .
- 0207 002 000,049=000,088 0,069 0,069 £0.04B 0,000 0,000 PACKER <o
0209 001 000,066-000,066 0,046 0,086 <0,066 0,000 0,000 LABURER o
— - - @211 - 061 -000,162=000,102 = 0,162 0,162 0,182 0,000 0,000 MAINTENANCE - — — T
0213 003 000,799=000,082 0,349 o, 186 0,353 0,392 0,226 BSTATIONARY GENERAL AREA SAMPLES ln'ﬁ
N AREA B et v —m = _ . e — _,_E"l
02 009 D00,799=000,068 0,173 0,079 0,238 0,079 ‘-
e - — gt
PLANT TOTAL pe
011 000,799%00u,017— 0,145 0,069 ~ —— - 0,222 0,067 --— —_— i'.’l
B el
. i:tr-
--- — —_— - - e - -
1 -
:}-:
.

———— ——— —— — —_————— - - - - - — —— ——— P

U e — _ D






LA CYCRL XTY I Y

TABLE wu,
1
3y

Jig

AGENTS SILTCA .
T Bave{F mET-N2/A0ALYTICAL TECHATIQUED REIPIRAELE MaS8/Xk=RAt NIFFRACT,

i

STATISTICS

)
-1

RALGE 4G /43 MELN  MEUTAN  T,w, STaMDARD 874A3awD

e
s

JUB TITLE

i
3 i
TTTogruE SavelRS 0 (eIeLUe) T T MGsmy T mGsnd AvE, OEVIATION ERnl & N
TR R Fn2 007,105, e a,n TS I I N W Y H,0u0 "RILLER i
tp O R L ST T T Y S A A S Y TR L L u,ufiu LLaGER .
v ARE 4 }“?
Lo g1 Q03 000,085=000,016 0,033 0,017 a,02% 0,016 a
------ - - ) - - T e s o]

t
[ . tzna 209,134 =350,131 LN B 3 04151 1351 P ] C,0f6  TFLCREN CwUSKERpAN .
.t Rk gy Jue, BaT=tL0, ek TLORE L, BN LR eRG A Dy vty MESEFICLaThN '.l
- T R N e L L B S LY Vour g RESEFICIATLE MILLEM=mECPER T T T B
Ul e L S S SR L SN BURS  TCHE T VS w,Ptw  F=1 ']LLEh K
' 12 LR Lenfe ot e e Copnr 7,08 Pty i,y WACntn . . -
; - s LT BT B N O L O A T I S L0 L ut LAFLREH . I
| LER 01 206G, 265=203,085 0,065 0,065 <0,0L8% 0,000 0,040 FAINTEMATCE =l
o __P2VY 002 0CH,080e000,079 2,680 0.0k <A,679  €,000 _ 0,00u_ dTATICLNARY GERERAL AREA YAMPLES _ -
l- Aup g ";
_ T Co% ©047,151-200,013 _ a,06e5 0,008 9,fd8 N O Ci
-y T-l
o
- ) o o |.I
PLANT TOTaL #::
e £12 000,13{=600,013 0,057 0,08é 6,036 0,010 .
o END OF RFFCORT -
- j-
J— i-’
E l:
|- o)
— o= = s e —— - e e i m e e e e et -
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[ ut
[ - et s e s - I - !
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TABLE &, STATISTICS

AGENTY Cap™ium

- JAMPLE KET=0N/ane| YTICAL TECHKYQUE: TOTaL “a835 /ATi MIC ARSTCHP, " QH
G408 w0, OF  RAMGE AG/HT  MEAM  MEUTAN  T,w,  STarDakD STAWDARD JUE TITLE .
g CODE * SAMPLES (HI=LOW) 7= 7T MGARI T MG/r3 T AvE, MEVIATIOH ERROR T T T T .
; 0213 opg 000,083=0u0,080 0,082 0,082 0,08} 0,001 C,ud0 STATICNMARY GENERAL AREA SAMPLES !
‘ T AREA ; - R i
s 02 pO4 000,083=000,080 0,082 0,082 9,001 9,000 I
e e - - C e - -l

B __PLANTTETAL : __ |-

P 60t 000,0B3mC00,0B0” 4,082 T 0,082 0,001 0,000 i
. .
-I ENO GF REPORT ‘]:
! "
. e
- {.
- »
| R
1Y T\

2 o -]

s s
. .
w "
: o
*t - o - I
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1
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FUMIILIN LI A

TigLE 2,

GAMPLING PRICEDURES

L AGENT SAHPLING WFTRQL AMALYTICAL TECH, !,
~ - B T N o - — B
i copaLT TOTAL MASSY ATOMIC 4BSCAP, -

» TCTal PASS SARPLES ARE CULLECTED Of A4 MILLIFCRE FILe | .
lf TERS (0,8um PONRE SITZEY 37mM» DIAFETER RITW A FLCm RAT= 1»
L ECF 1.7 LITERS FEN HINJTE, FILTFES akk PRE 3D PC5Tw '
. DESICATED 48D wRIGHEQ TU [RE WEAREST J,4MG USING & C= {.
aMN GRAR ELECTROHALANCE, THACE "METAL DETER™INATIONS = |

' 4RE MAQE BY ATCHIC ABSCRPTION WITH COMCENT®AP]ONS RE= )
. e L . B _ PURTED A3 UG/HI, .
. [
. - i
s o
! =
- i,
1. sl
ia ° 1
! .
1= -
[ ’l
- |
. :.
o T e e e o
' ]
SO S — — )
EM :
ol i
- - T T '_
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| ta
- |:
- . —_
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TABLE §,

‘L_ AGENTN COB2LT

Isplvioual SAMPLE REBOLTS

(_‘ "7 8aMPLL METHOO/ANALYTVICAL VECHNTOUEY TOYAL ~1838 77 satnmyc ARSCRP, s —<
.l
. J08 JHIFT  SAvPLE __ DATE TIHE_ TIPE VCLUME CONC, ___ UNITS .
: EonE  WAw np, uC, oN CFE ™ M3 T |
o213 12 AiS PesihsTe  BS2 _ 15n0D _0,b255 0 160 MG/MY - S .
: LEJS ThaN THE REFORTED CONCEnTRATION .
'y TIME wEYGHTED avE,m ¢, 1890 ot
S T30 13 hig ob/ib/Te 0 906 T 191¢ T 0,4187 0,182  uG/H3 T T TTTT T .
I LESS THAN THE REPQRTED CUNCENTRATIOMN e
' TIRE =EIGHTED avE,s 0,162 _ _ L -
o213 14 dig 06/316/T6 910 1510 D,6119 B,163  MG/M] NEn
. o L LEBY THAM THE REPQRTED CUNCENTRATICGN '
- TIHE ~EIGHTED AVE,= 0,183 N N -
J D213 1S AR2 08716476 S16___ 1510 0,601 0,166 MG/N3 ' H
i TTImE WEIGHTED AVE,s 0,188 2l
- it
} | =
..l 12~
' l_l
.. o |=
: 12 -
: B !:! -
| M
——— PR —— JR— - —_——— l:l
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- L
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TaBLE u, HTATiAYICS

L AGENT: COHAALT

{77 T BawPLE BETACR/anapYTICAL TECHMIOUET TOTaL Ma88 77 J8TNMICT ARSORP, 'R
| JNE w0, OF  RANGEF MG/N3 MEAH  MEUTAN  T,m, STaxgsndl STantia®g  JU8 TITLE !
;-[‘" TTTT  CCDE SaHPLEY (HI=LGw) UG /03 uUG/48 AVE, DEVIATIULM B AN T rTmrm T By
el 0213 aod 000,166=000,160 0,163 0,143 n, 161 0,002 0,301 SrATIONARY GENERAL AHEA 3AMPLES i
{af i
! T O Aara” o T o - e
i" 02 004 000,166=000,140 0,163 0,163 a,002 0,90} |
| r———————— - e e e e - e e e : :
! »
I~| PLANT YOTAL , B l~
I 008 000, 166-000,166  0,t85  0.1b63 Tea02 g,001 Ty
P T T T T T T T T T T T T T e OF THEPRURT - - |
g I |«
|:! -
. o o N j;!
I E
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] 1
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TABLE 2, 98H4PLI.6 PROCEDURES

LI T B

L

TAIMTI LI 1Y A

PRt oF o Y on 0B

~

AGEXT Lo o ARALYTICAL TYFCH, U .
105, i
T.Tay FABSE SavPLes aRE CULLELIFD UM Aa HILY IPCERE FILe I
- oot N T TTARRS (0,Bum PLiwe SIZ2E) 34mF DLAMETER TafTh A FLDN RATe
B OF 1,7 LITERS PER MINUIE, FILTERS ARE PRE ARD PQSTe
CESICATED 4nQ wEIGHED TU THE NEAREST 0,I%G USING A Cw
"""" - T T AHN GRAM ELECTRCBALANCE, THACE METAL CETER~INATICHNS =
ARE MADE HY ATOMIC A3SUHPTION WIYR CONCENTRATIGAS REw
. o PUFTED AS UBsnm3, L
L
f;!‘
HE
=
el
—_—— “"
.~
I
i
Wl
. 4
"
-3
1
A
L]
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o i TABLE 3, INDIVIOUAL SAMPLE RESULTH
—

CAGENTY IRDV

[N N U S

AT 2 N A I B LU BT A R S S

:or

LR - B

i

o 77T SaMPLE METHOD/AMALYTICAL TECHNTQUEL TUTAL w88 JATOHIC ARSIHP,
t__ JOH  SHIFT 34MPLE  DATE __ TIME TIME  vOLusE __ €ONG, UNITS
-I CCRE  Man w0, KO, Qv OFF M3
0213 12 Asy a6/1h/16 852 1500 Cyh2%9  1UB.IBL UG/+S

-r"TInE WEICHTED AVE,w100,384 )

o213 13 Ang 06/16/T76 06 1510 0,6187  Th, 115  MG/MD o

T TIPE mEIGMTED AVE,& 74,115

»Jm# 0213 ] Aiy 96/16/T8 10 1510, 0,8119 34,641 LG/M3
.77 Yime wELGHTED AVE,u 34,841

o 0213 i5 L3 Qb/1b/Tb 916 1510 G017 61,482  LG/HY

- YImE mE1GHTED AVE,n 61,482
"

- t
. - i
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1 :
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TABLE @, STATISTICS

AGENTE [RON

r—') "SAMPLE HETHDO/A~aALYTICAL TECHNIGUES TGTAL ~aSS5 7aTUHIC ARSLAP, - N }J
I o _Joe Ho, OF RANGE uG/n]3 MEAN HFOTAN _T,w, STARDARD 3TAnnaRD  JOB VITLE :
I CPDE  SAvYPLES (hI=LLw) ur /el HG/A3 AVE, DEVIATIOM EWhiH I
o 0213 6ot 100,364~G30,641 bR, 156 oM, 799 bR, Aba 27,508 13,795 STATICHARY GEWERAL ARER YAMPLES o
. ‘.
T MREA - 1.
o 02 604 109,384=034 641 8,156 &#,799 27,506 13,753 v
| — s - 1%
‘ \':
N PLANTFGRRL )
N 004 100 380n03a, 641 &B,15b 68,799 27,566 13,753 Tj:l
. END™ CF REPORT
!Véi :
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" o :
L - _ o __J:
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Ya3LE 3, 1roivina

o AGENT| HANGANESE

SarPLE WETPOD/a7alYTICAL TECHNIGUED TOTAL a3 ~

Jga

I-n CDE
'

SHMIFT  SavPLE
i nLg, a0,

— a1l 12 A4S
TIME AETIGHTED AVE,= 12,

L ety 13 Akb

Sa4PLE RFSULTY

DATE TIME _ TIME __ YCLusE

ow OFF »y

LYY Vel T
628

852 1500 0,625%

oL/L6/TE __ 906 _  15t6 _ 93,8187

JEIDHIC ARSALHF,

12,628

174130

_ CONC, ___ uUnl18_

UG/

BG/r3

!'I TIVE WEIGHTED AVE,z 17,130 - T/ T o
H
[ . 0213 14 Yy 46/16/7n 10 __ 1510 0,46119 5,719 __MG/m3 !
i TISE ~EIGHYED AvE =2 5,719 Coa
' Pl
. 8213 15 LYY nes1e/76 %16 1510 0,607 T.bad__ LG/nd, !ﬂ
07 7 TIME ~EIGHTED AVE,= 7.o0dd e
i
I'I . , L2
- 1:!_
! Ty
Ve - - —_——— - e ——— =
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TABLE w

AGERT)
T 3aMPLE

o A3TaT1877(8

HANGANESE
MET~00/aNalYTICAL TFCHNIGUEL TOTaL HaSS

/ATORMTC ARSTRPR,

. _JUB WO, OF RANGE NG/W3 _  MEAN HMEDIAN _T,w, STANDAKD STANDARD JUB TITLE .
s CODE "SAMPLES (HI=LOW} MG/H3 T uG/HI TAVE, TREVIATION T ERRGR T T :
. 0213 004 N317,130=065,719 10,780 (0,186 10,21 5,138 2,569 STATIGNARY GENERAL AHEA SANPLES -
. bl
‘.______‘ AREA ’ . - - i-{
H 02 o8 017,130=005,719 10,7B0 10,136 5,138 2.56% |j"1|
e e e - R . - . ——— . ;!
PLANY TOTAL L o .
00 017,1307005,71% 10,760 10,1386 S,138 2,569 i
ENG OF HEGORT it
=,
1 °.
— - — - |
| "
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e _ . e Dl
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PRI LA

YeaLfl 2, Sé=pL ]G PROCEDURFS

L _ AGENT SAPPLING HFThOD_ANALYTICAL TECH, _\i.
. GE™ APPLING ®FThOD ANALYTICaL TECH - . S
T ONICKEL TOTAL Ma38 ATERIC aB8CRE, 1
[ N TLTAL MaSd SAMPLES ARE CULLECTED O 4a MILVITCRE Flle .
I TERS (0,8UM PORE S1ZE) 37HF OIAMETER w(TH & rL(Ow nn-_i-‘
il E GF 4,7 LITEHS PER MInUlE, FILTERS 4RE PRE anp PC5T= |°:
o OLSICATEL ANE %EIGHED TU THE MEAKEST 0,1#6 U=InG & C=_ '.!
: T o At GHAM ELECTPUBALANCE, TRACE PETAL DETEAMINATICAS = o
- ARE FAGE HY ATCORIC ABSCRMTICH WITH CCNCENTHAWIQNS RE= |
e __PORTED AS UG/M3, L e
l 1 |
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. =
' S
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| I
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IR AT Y

TagLE 3, 1IvDIvioral SA~PLt RESULTYS

S

G
T\ AGEWT3 NICKEL
¢ SaMPLE METACD/s%ALYTICAL TFCHEIUUET TOTAL MaSS JETYATC ARSORP,
!
b JoR 8HIFT _ Sa=PLE _ DATE_ __ _ TIME _  TIME __ ¥LLUME £0nCc,  LNITS
| 77 CuBE wAN o m0J nC, N GFF 3
*
!-;__ 0213 12 445 0b/1b/Th 852 1500 04,4285 0,927 _ uG/e3
i; TIME «EIGHTED AVE,= 0,927
i
i~ 0213 13 s4b nb/1e/Te 906 1510 t.6187 0,129 UG/e3
' TIMF ALIGHTED 2vE,= 2,129
i
by o21s s 221 0b/18/Tb 910 __ 1510 D,6119 __ 0,245 _ uG/m3 _
VUTUTIME ~E1GRTED AVE,=  0,2u% - — -
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