This Survey Report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable. Any
recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved. Additional NIOSH
Survey Reports are available at http://www.cdc.gov/niosh/surveyreports.

IN-DEPTH SURVEY REFORT
GCONTROL TECINOLOGY FOR MIKE ASSAY LABORATORIES
AT

Skyline Tahoratories, Inc
Wheat Ridge, Gelorado

REPORT WEITTEN BY
Ronald M Hall
Mnmthony T Zimmer

REPORYT DATE.
May 1994

REPORYT NO
FCTB 1Y8-14b

0 8§ DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Centers for Disease Control and Frevention
Natienal Institute far Occupallonal Safety and Health
Division of Physical Sciences and Engineering
4676 Celuwnbila Parkway - RS
Cincinmati, Chio 45226


http://www.cdc.gov/niosh/surveyreports

PLANT SURVEYED

5IC GODE
S5URVEY DATE

SURVEY CONDUCTED BY

EMPIOYER EREPRESENTATIVES CONTACTED

EMPLOYEE REPRESENTATIVES CONTACTED

MARTISCRIPT PRETARED BY

Skyline Laboratories, Iuc
12090 Weut 50th Place

Wheat. Ridge, Coloradc BQO33
R734

December l4-16, 1993

Ronald Hall

anthony Zimmer

Donald Murdock

Gordon H Van Sickle
Seetretary, Lab Manager

No Union

Deanta T. Elfers
Debra A Lipps



DISCLATMER

Mention of company nhames or preducts does not constiltute endorsement by the
Centers for Nisease GControl and Proventioen

111



capturce veloclty

face wvelacity
Ipm

£l

mg/m*

mm

1pm

rpm

L

ABBREVIATIONS AND DEFINITIONS
feet
1nches

minimun hood-induced air Veloclt}' nenessary to capture
and convey the contaminanc i1nte the hood

arr volocily at the hood oponing
feet per minute

feet squarad

milligrams per weter vubed
miliimeters (1 % 107°m)

licers par minute

revelutions per minute

micrometers (1 X 107%m)

1w



INTRODUCT LOM

The: National Tnstitute for Uccupakional Safety and Health {NI0OSH), a federal
agency located in the Centers for Disease Contrel and TPrevention under the
Department of Health and Human Services, was established by Lthe Occupational
Safety and Healrh Act of 1970  This legislation mandated NICOSH to conduct
research and education programs separate from the slandard setting and
enforcement functions eonducted by the OCccupational Safecy and Health
Administration (05HA) 1in the Department of Labor An 1mportant arca of NIOSH
research deals with methods for the contrel and prevention of occupational
e¥posure o potential chemical and physical hazards

The Engineering Control Technology Branch {ECTB) of the Division of Physical
Serlences and Engineering has been piven the lead within NIOSH to study and
develop engineering controls and assess their impact on redueing cccupational
11l lhness Since 1976, ECTB has conducted a large number of studies to ewvaluate
engineering conlbrol technolepgy based upon 1ndustry, process, or cenkbral
technique The objective of each of these studies has been to document and
evaluate control technigues and to determine thelr cffectiveness 1n reduclng
patent1al health hazards 1m an industry or at specific processes

This study of mine assay laboratories 1s being undertaken by ECTE to provide
control tochoology 1nformation for preventing occupational disease in thas
industry This project 1s part of a NIOSH special initiative om small
business and will he accomplished by developing and evaluating contral
grtrategles and disseminaring centroal technolegy imformation to mine assay
laboratories nationwide

The goal of this rcscarch study is te identify, evaluate, and disseminate
practical and cost effective control methods which reduce ewposures ro
arsenie, cobali, lead, and respirvable crystallinoe gilica to below the
regpective NIQSH recommended cxposurce limits (RELs) and OSHA/MSIA permissible
expesure limits {(PELs) for workers 1n mine assay laboratories Thiz will be
accomplished hy i1dentifying and evaluating exisling conitrol methods used n
wine assay laboratories The vesults of these field evaluations will be
presented in lu-depth survey reports for cach laboratory These reports will
be summparized in a screntific journal article, trade journal articles, and in
handhooks which will be disseminated to the workers, owners, and operators of
mine assay laboratories, te the QSHA/MSHA consultation pregram, and to other
safety and healch professionals

As part of this owverall study, an in-depth survey was conducted at Skyline
Laboratories, Inc (a commercial mine assay laboratory) The purpose of thais
gurvey was to evaluate petantially effective contrel systems including work
practlces

PLANT AND PROCESS DESCEIPTION

Skyline Lahoratories 15 a comnerclal mine assay laboratory which analyzes
samples Erom various mines throughout the world Skylaine Laboratories
opervares one shift a day and presently has a work force consisting of

15 employees



PROCESS DESCRIPTTON

Assay samples from various mines are delivered to the sample receiving area of
the lahoralory in i1ndividual bags weighing 10 to 12 pounds Wet samples are
dried in an oven at approximately 200° Fahrenheit The samples are crushed 1in
one of two wventilated jaw crushers Lo approximately 1/4" granules  The
crushed samples are reduced to a finer texture in a ventilated roll crusher
The cryushed samples are passed through a splitter box to obtain a small,
represontative sample (approxaimately 200 grams) This sample 15 pulverized to
approximately 200 mesgh (0 0003") 1n & puck and ring pulverizex Both the
splitter and the ring and puck mills are cleaned uslng a paint brush and
compressed alr Ore samples are then taken to the fire assay area where they
are mixed with fluxing agents

Large hatches of [luxing agents consisting of borax, flour, silica sand, and
soda ash are prepared in a barrel mixer The barrel 1g placed 1n a ventilated
hood and 50 pounds of licharge (lead oxide) 1s added te the fluming material
The barrel 1z sealed, removed from the wventilated hood, then placed on a
raller and mixed for approaximately 30 minutes unril the flux and litharge are
thoroughly mixed  The fluxing materisl i1z approximately 60 pexcent litharge
The barrel s placed back under the wventilated hood where the seal 15 removed
Part of the fluxing materiazl 1s removed from the barrel and placed i1n a
contalner located inside the hood The barrel 1s then resealed, removed from
the hood, and placed in storage Fluxing material and pulverized assay
samples are added to crucibles and thoroughly hand mized in the ventilated
hood  The crueibles {containing the sample and fluwing material) are then
placed 1n one of twou [usion [urnaces ithat operate at approvwimately

20300* Fahrenhelt

The carbon contained in the flour reduces part of the lead oxide te lead which
combines wllh the precious metals released from the ore M The samples are
then removed from the oven and the lead 15 separated frem the slag hy pouring
the samples inte metal button molds A lead button 18 formed 1n the bobttom of
the metal mold After ccoling, the lead button 1s remowved

Lead buttons, which contain the precious metals, are placed intu a bone ash
clupel The cupel 18 placed in a cupellation furnace where the lead 11
oxlidized and abzorbed by the cupel, leaving the precious metals at the battom
of the cupel In some cases, & controlled amount of silver 1s added to the
samples 1n order to obtain a visible ameunt of precious metals 1n the bottom
of rhe cupel The precilous metals are then collected and werghed 1m a balanco
rocm

POTENTIAL HEALTH HAZARDS
Inorganic Lead

Inhalation (breathing} of lead dust and fume 1Lx the najor reoute of lead
cexposure in the industrial setting A secondary source of exposure may be
from ingestion (swallowing) of laad dust deposited cn food, cigaretces, or
other objectz  Once absorbed, lead 13 ewereted from the bady very slowly
Absorbed lead can damage the peripheral and central nervous systems,
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gastrointestinal system, kidneys, reproductlve systen, hematopoietic system
{blood-formwing organs), and virtually all other systems of the body ¢ The
acute effects may manifest as weakness, tliredness, 1vritabilicy, reduced
intelligence, slowed reaction times, abdominal pain, or high blood

pressure 3’ Chronic lead expusure can cause infertility kidney damage, and,
1n pregnant women, fetal damage manifested as prematurity, reduced bivth
welght, reduced red bleod cell production, and reduced intelligencc "3 The
Blood Lead Lewvel (BLL) test ais once measube of the amount of lead in the bedy
and 1e the best available measure of recent lead absorption The mean serumn
lead level for U 8 men between 1976 and 1980 was 16 pg/dl,®1% however, with
the 1mplementation of lead-frec gasoline and reduced lead 1n food, the 1991
average serum lead level of II § men will probably drop below 9 pg/dl €22 A
summary of the lowest obsarvable effect levels of lead are listed in Table 1

Inarganic Arsenic

Compounds of 1norganie arsenic produce the following health effects
dormaritis (skin inflammation), kerateses (horny growths on skin), peripheral
neuropathies (diseases of the nerves of the extremitiles), peripheral wvascular
diseases (dilseases of the arterles and veins of the extremities), and cancer
of the skin, liver, and lungs **) Arsenie compounds are mainiy absarhed via
the respiratory and gastrointestinal routes Over 90 percent of the angested
anmcunt of water soluble compounds in humans and animals 1s absorbed Oral
ingeetion from contamimated hands may result i1n absorption of texicologically
significant amcunts of arsenic 1% In addition, experiments on rats have
shown that arsenic 1n aquepus solutlons cau penetrate through 1ntact skin (142
The mqajor elimination pathways of 1norganic arsenmic are metabolism and urinary
axcretion The tovtal awount exereted in urine accounts fotr ahout 60 percent
of the absorbed amount **'%' Tnorganic arsenic metabolltes appear in urine
shoetly after the start of exposure The concentration rises slowly during
the first days of the cxposure, and then levels off W% If 3 worker’s
exposurce on the following days 13 simllar, the arsenic concentratlon in urine
remains more or less Che same

Arsenle 1s present in water, food, and pellurted arr "7 Smoking 1s also a
source of exposure to arsemic (12 te 42 ug per cigarctte} 1 Therefore, it
15 found 1n the urine of people whoe have ne occupatlonal exposure Co arsenic
Concentratioens of 1norganic arsenlc and Lts metabelites in the urine of the
general population are usually beleow 10 pg/g of creatine” U9

Crystalline Silaca

Cryetalline silica 18 & potential constituent of an assay sample Assay
zamples processed 1n the sample preparation area are crushed and pulverized to
a fine powder These operatiens can crecate an airborne dust which contains
crystalline silica  The severity of this hazard depends, i1n part, upon rhe

Since arscnle cencentrations 1n urlne are dependant on wrine outputb,
creatinine determination in the same specimen 1s necessary because crealtlning is
usually excreted at a constant rate (4]



TABLE 1

Summary of Lowest Observed Efifect Levels for
Fey Lead-Induced Health Effects 1n Adults and Childrent

BLL"
{png/d1) HEALTH EFFECT
=100 Adulcs Encephalopathic signs and syoptoms (discase of the
brain)
=80 Adults Anemia
Children Encephalopathic signs and symptoms
Chronic nephropathy {(kidney dissa=e)
=70 Adul ts €linically evident peripheral neuropathy {(diseases of
the nerves of the extremities}
Children Colic and other Gastro-Tnrtestinal (GI} symptoms
=60 adults Female reproductive effects
Central Nervous SyslLem {(CN5) sympLoms
gleep disturbances, mocod changes, memery and
concentratien problems, headache
>4h0 Adults Decrease hemoglobin production
Decreased poerformance on neutrobehavioral tests
Altered testicular function
GT symptoms abdominal pain, constipation,
diarrhes, nauses, anorexia
Children Feripheral neuropathy
»40 Adults Decrease peripheral nerve conduction
Elevated bleod pressure (white males, 40-59 vears old)
Chronic nephropathy
Children Reducad hemoglobin aynthesis
=29 Adults Elevated zinc protoporphyrin levels 1o males
15-35 Adults Elevated zinc protoporphyrin levels in females
Children Lecreased 10 and Growth
>10™ Fetus Pre-term Delivery

Impaired Learning
Raduced Birth Weight
Impaired Mental Abalicy

2 adopted from ATSDR,” and Goldwan =t al 9
" Blood ltead level (BLL) 1n micrograms per deciliter (ug/dl)
** nggfa" hioeod lecad level has not been determimed for fetuses



amount of crystalline silicsa present in the sample, work practices, duratlon
of expusure, effectiveness of the general/local ventilaltlen sysiem, and propet
tise of personal protective equipment

Crystalline sllica can cause silicosis, a feorm of disabling, progressive, and
sometimes fatal pulmonary fibrosis characterized by silicetic nedules 1n the
lungs  S1licosis usually cccurs after years of exposure, but may appear in a
shorter time 1f exposure concentrations are high Svmptoms of s1licaosis
include shoriness of braath, faver, and cyanesis (bluish sking The ampunt of
dust 1nhaled, the percentage of free or uncembined silica in the dust, the
size of the dust particles, and the length of exposure all affect the onset of
silicogis ‘2%

QCCUFATIONAL EVALUATION CEITERIA

As a guide to the evaluation of the hazards resulting in workplace exposures,
NIOSH field staff employ envirommental evaluation criteria for assessment of a
nunber of chemical and physical agents These criteria atre intended to
suggest levels of exposure to which mest workers may be expozed up to 10 hours
per day, 40 hours per week lor a working lifetime without experiencing adverse
health effecrs It 15, however, important to mote that not all workers will
Lbe protected from adverse health effects 1f their exposures are malntalned
below thess levels A small percentage may experlence adverse health cffccts
hecause of 1ndividual susceptibilaity, a preexisting medical condition, and/or
a hypersensitivity {allergy)

In sddition, some hazsrdous substances may act 1n combipation with other
workplace exposures, the general environment, or wilh madicatiens or persomnal
habits of the worker te produce health effects even 1f the occupational
expasures are contralled at the level set by the evaluatilon eriteria  These
compbined effects are often not considercd i1n the evaluatlon criteria Also,
some substances are absorbed by direct contact with the skin and mucous
memhranes, and thus potentrally 1nereasec Lhe overall exposure Finally,
evaluation ariteriz may change over the years as new 1nformatiom en Lhe Loxlo
effecrts of an agent become available

The primary sources cof envirenmenbal evalustion ecriteria in the United States
that can be used for the workplace are {1) the U 5 Departmenit of Lahor
(05HAY Poermissible Exposure Laimits (FELs}, and (2) HIOSH Recommended Exposure
Limits (RELs) ‘?1:22) TIn establishing PELs, 08HA 15 requived to consider the
feazibility of controlling exposures in various industries where the agents
are used, the NIOSH RELs, by coutrast, are based primarily on concerns
relating to the prewvention of cccupational disease It should be noted that
industry 1s legally required to meaf only those levels specified by OSHA PFlLs

A time-weighted average {(TWA) exposure refers to the average ailrborne
concentration of a substance during a normal &- bte l0-hour workday — Some
substances have recommended short—term exposure limits or celling values,
vhich are intended to supplement the TWA where there are recognized toXle
effects fraom high short-terw expesures



Under the 0SHA Lead Standard, the PEL for lead in air was established at

20l pg/m3 averaged over an 8-hour workday Under the requirements of the
standatrd, emploverz musi [irst determine 1f workplace air lead levels exceed
the PEL  When air lead levels exceed the FEL, the employer must notify
employces and provide a descriprtien of corrective action that will be taken ro
reduce exposure  Exposure must be rechecked every & months 1f loevels exceed
the action level (30 pg/m?) but are below the PEL  If air lead levels drap
below the actian level, the employer may discontinue monitoring individuals 1f
two consecutlve measuremencs, tiaken at least 2 weeks apart, are below the
acitlon level However, when there 1s a production, process, contrel, or
personnel change at the workplace which may result in mew or additlonal
exposure to lead, or whenever there rs any other reason to suspect a change
which may result im new or additienal exposure Lo lead, the empleyer must
perform additional menitaoring ¢2%!

The requirements speclfied under the sztandard for medical monitering of
workers exposad Lo lead are specified 1n Section 8, Paragraph J, 1n the Code
of Federal Regulations Section 1210 1025

The medlical surveillance program 1s part of the standard's cowprchensive
approach te the pravention of lead-related disease ts purpose 1s to
supplement the main thrust of the standsrd which 15 aimed at minimizing
alrborne concentrations of lead and sources of i1ngestion Medical
survelllance requirements help determine :f the other provisions of the
standard have effectively protected the individual worker

In addition, all medical surveirllance required by the standard must he
performed by or under the supsrvision of a licenzed phiysician  The vuployer
must provide regulred medical surveillance withoubt cost To enployees and at a
reasonable time and place  The standard’s medical surveillance program has
twa parts, periodic biclogical monltoriug and medilcal examinatliorns

The employer’s obligation te offer medical surveirllance 1s triggered by the
results of the alr monitoring program  Medilcal surveillance must be made
available to all emplovees who are expused to lead in excess of the action
level for more than 30 days a vear The 1nitial phase of the medical
surveillance program, which 1tcludes blood lead level tests and medizal
evaminations, must be completed for all covered employees Bialogical
monitoring under the standard consists of BLL tests at least every 6 monlhs
after the 1nitial test  If a worker’'s BLL exceeds 40 pg/dl, the monitoring
frequency must be 1nereased from every 6 months teo at least every 2 months and
not redurced unt1] two consecutlve BLL determinations indicate & BLL below

40 ug/dl Emplavers must notify empleyees when their BLL are over &40 upg/dl,
in writing, 5 working days of his/her receipt of the test results The
coplover must also wnform the employee that the stapndard regulres medical
removil with eccnomic protection when the BLL exceeds certain crtlletia
Madical examinations beyond the initial one must be made available on an
annual basis 1f the BLL excecds A0 pg/dl at any time during the preceding
year The 1nitial exam provides information to establish a baseline to which
subsequent data can he comparcd (2%



KTOSH recommends that arsenic and all 1ts inorganic compeounds be controlled
and handled as potential human carcinogens in the workplace, and that exposure
be reduced to the lowest feasible limit  The NIDOSH REL for arsenie and all
1ts lnerganlc cowmpounds 1s 2 pg/mw® as a ceiling concentration determined in
any l5-minute sampling peried ®*7 The current USHA PEL for inorganic arsenic
15 10 pg/m* as a TWA over an B-hour work shift 21}

The occupational exposure criteria for respirable crystalline silica 1s the
NIOSH REL of 0 0% mg/m® The NIOSH REL for crystalline silica 1s intended to
prevent silicosis Howewer, evidence indicates that ecrystalline silica 18 a
potential occupational carcinegen, and NIOSH 15 currently reviewing the data
on carcinogenieity ‘23 The DSHA PEL for respirable arystalline silica is

1 mg/m?

CONTROL TECHNOLOGY
PRINCIPLES OF CONTROL

Jceupational exposures can be controllaed by the application of a nmumber of
well-known principles including engineering measures, work practices, and
personal protection Engineering measutes are the preferred and most
effective means of control  These 1nelwde matcrial substitubion, process and
equipment modification, isolatilon and autemation, and local and general
ventLlation Control measures also may include good work practices and
personal hygiene, housekeeping, administrallve contrels, and wse of personal
pretective esgquipment such as respirators, gloves, goggles, and aprons

ENGINEERIXG CONTROLS

Skyline Laboratories, Inc employs local exhaust ventilation and partial
enclosures 1n the sample preparation area, flux mixing, and fire assay areas
In addition, HEPA-filtered, half-mask resplrators are worn during hazardous
tasly

Sample Preparation Area

Fipures 1 and 2 are ventilation system diagramg lor the crusher and pulverizer
YoOms Three local exhaust ventilation systems serve the sample preparation
area  The colleection system 1n the crusher room 1s a Terit Dust Collection
System, rated at 3450 rpm  The jaw crusher and two splitter hoods located in
the north gide of the pulverizer room 12 served hy a separate Torit Dust
Collection System  Air from hoth systems 1s filtered prior to being
recirculated inte a storage room located between these rooms Twenty high
efficiency bag filters are used per system  According to the manufacturer's
specifications, these filters are 99 % percent efficlent 1n removing particles
=1 pm and 98 percent efficient in removing particles =0 5 pm  Manusal
shakedown of the accumultated particulate occurs on a monthly basis The puck
and ring mill heod located in the east side of the pulverizing rcom 1s served
by the third collectian system (DCE Volks Unimaster) Air from this system is
exhausted darectly outside of the building
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Smoke tube observations in the sample preparation area revealed no unusual
fiudings Face velocities were measured using a het wire anemometer at the
openings te the crusher equipment and the face of the splitter and puck and
ring pulverizer houds 4]11 measurements were taken such that the ventilation
sygtem configuration mirrorad the conditions in which the emplovees used them
{1 e , maxlmum capture veloccllies) The farce wvelocitics of the crusher
equipment hood ranged from 350 to 460 fpm and 15 within the ACGIH Industrial
Yentilation Manual tecommendations (see Figure 3) %  However, the facc
velpcltles ab the hoed opening for both the splitter and puck and ring mill
hoods ranged from 20 toe 54 fpm  These velocities are lesc than recomnendsd
caprture veleocities (200 to 5Q0 f£pm) Capture Velocities of 200 te 500 fpm are
needed because use of compressed ailr can ereate zignificant turbulence withain
the hood

fange of Captore Velocibes® **

Captura
Condfilon of Dispession of Contaminand Example Velotby, fpm
Released with practically ng valocy ko quiet ar Evaporation from tanks, deoraasing, ete 50-100
Released at low yelogity imo maderately st ar Spray haoths, intermittent comtangr 1hay, lnw speed 100-200
canveyor transfers, welding platng pickhng
Active ganaration into Zena of ramd ar motkon Spray painting an shaliew booths barrel filing 200-500
canweyor loading crushars
Relezsed at high nibal velogily mly zong al very Grind:ng abragwve blasting, tumbiing 5002000
rapid air mokon
in each calegory above, a range of capture velocity Is shown The praper choce of vilugs depends an saweral factars
Lower Eno of Range Upper End of Renge
1 Room ar currands runumal ar iavorable to capturg 1 Dusterbing mom ar arrents
2 Contaminanis of law toxiclty or of nusance value anly 2 Lontaminaals of mgh oty
5 Intermittant low producuan 3 High produstion heavy use
4 Lame hoad large air mass in satian 4 Bmall hond lacal conint arly

Fipure 3 Range of capture velocities

Fire Assay Area

The ventilation systems 1n the fire assay area constsbed ol a downdraft
ventalated heod controlling litharge mixing operations, a large canopy hood
located ewver the two cupel furnaces, and a canopy hood lecated over the
crunilble furnace

See Figure 4 for a schematic drawing of the downdraft ventilated hood that
controls the litharge mixing operatiens  The litharge, fluming agents, and
assay sample are added to the crucible under the downdraft wventilsated hood
The lichargse wixing hood has a face opening of 4 53" = 1 3*, with a face area
ol 5 2 square feet (=q/ft) The face velocity at the litharge hood averapged
160 fpm, with an average air volums of 950 c¢fm  ACGIH Ventilation Marmual
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recommends 100 to 200 fpm capture velocity (Table 3-1) for intermittent
container fi1lling operations ‘**! This 1s within the guidelines set i1n the
ACGIH Ventilation Manual

Smoke tubes were used to visualize the alr currents in the fire assay area
Smoke tube results indicated that the canopy hoods located over the furnaces
in the fire assay area did not extend out far enough in front of the furnaces
ar have adequate ailtr volume te capture the smoke Smoke escaped the capture
ol the canopy hoods and rose to the ceiling where it exited threugh an opening
leocated around the exhausl. ventilatien duct

The canopy hood lecated over the twe cupel furnaces has an opening of & 67 =
35 The canopy hood extends dowm ower the top of the two cupel furnaces
The area under the canopy hood 15 30 4 square feet, however, the cpening 1s
blocked by the two furnaccs (21 squarc feet) Therefore, the actual cpening
15 9 4 square feet  The cancpy hood had an average face wveloeity of 110 fpm
with an arr volume of 1034 ofm  The hooed exhawst velume of 1034 ofm was less
than the convection currents of approximately 2000 cfm genarated hy the two
furnaces The convection currents wetre calculated using the formula

qe = 29[ (H’){ap®) (m) ]2 &7

where q, = a1t induction rate at upper limitg of hot source {ctfm}
Ap = cross-sectlonal ares of airstream

m = height ef column recaiving heat
H' = ronvaction heat transfer rate, BTU per minute
The canopy hood extends out in front of the twe furnace deors 3" The heood

should exiend out approximately 6" to 8" i front of the furnaces to capture
the plume given off at a 5-degree angle [rom the heat source 279

The canopy hood loaated over the crucible furnace has an opening of 3 3' =

3 8 with an area of 12 5 square feet The average face velocity intc the
hiood was 60 fpm with an air exhaust volume of 730 ofm  This exhaust volume
was less than the convection currents of approximately 1100 cfm calculated to
be generaLed by this furnace ?’? The canopy hood on the crucible furnace
should also extend 6" to 8" over all sides of the furnace 277

ENVIRONMENTAL MONITORING
SAMFLE PREPARATICN AREA

An environmental ewvaluation was conducted in the sample preparation area to
determine the patential for exposure to crystalline #1l1ica Bulk samples were
taken to determine Lhe percent silica in the assay sample marferisal Alr
gampling was conducted over a 3-day period Fersonal air samples were taken
ont the two emploveces who work i1n this area  Area air samples were taken
throughout the sample preparation area and outside of the building to
characlLerlze exposures at select locations See Figures 1 and 2 for area
sample lecations
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A1r samples for crystalline silica were collected and analyzed according to
NIDSH analytical method 7500 28 This method was modified as follows

(1} filcers were dissolved in tetrahydrofuran rather than being ashed 1n a
furnace and (2) standards and samples were rvun concurrcntly and an externsl
calibration curve was prepared from the 1ntegrated 1ntensities rather than
using the supgested normalization procedure

Semples were anllected unsing hattery-operated sampling pumps The pumps were
used to draw air through 37-mm (dismeter), 5—mn (pore size) PVC membrane
[ilcers, mounted in series with 10-nm nylon cyclones at an approximate flow
rate of 1 7 lpm Nylon cyclones were used teo determine the respirshle pertion
of eryscalline silica in the airborne dust The sampling pumps were
calibrated before and after sampling The PVC membrane filters wore analyzed
using x-ray powder diffraction

FIRE ASSAY AREA

An anvirommental evaluatlon was conducted in the flre assay area te detarmine
rthe potential For exposure to lead, arsenie, and other elements Alr sampling
was conducted over a 3-day period  Each of the twe workers in the fire assay
area wore two gampling pumps, one personal alr sample was collected and
analvzed for lead and the other personal sir sample was collected and analyzed
for elements Area alr samples collected for lead, elements, and arsenic were
taken chroughout the five assay area  Area samplez were placed around the
ventllation contrels te assess the effectiveness of the controls Area
samples were also colleeted at the pouring station te characterize exposures
at this leocation  Sco Figure 5 for fire assay arvca sample locatlons
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Figure 5 Sample locations in the Fire Assay Area
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81r samples for lead were collected and analyzed according to NTOSH analvtical
sampling method 7105 2% Air samples were collected using battery-operated
sampling pumps to draw air through 37-mm (diameter), 0 B-uw {pore size)
membrane filters, at an approvimate flow rate of 3 lpm The sampling pumps
were calibrated before and after sampling The membrane filters were
analyzed using a Graphite Furnace Spectrometar

Alr samples for arsenic were collected and analyzed according to NTGSH
analytical methods 6001 and 7901 %31 Ay samples were collected on a 37-mm
(diameter), 0 8-pm (pore size) membraune Filcer fellowed by a 600-mg coconut
charcoal tube, with a Gilian lew flow pump (medel LFS-113) operaling at a flow
rate of ¢ 2 lpm The charcoal tube was used because of the poszsible presence
of velatilized arsenie given off during furnace amdl lead hutton pouring
operatilons The sampling pumps were calibrated before and after sampling

The samples were analyzed using a Graphic Furnace AA Spectrometer

A1r samples for elements were collected and analyzed asceording te NIDSH
analytical method 7300 (323 Samples were collected using hattery-operated
sampling pumps to draw air through 37-mm (diameter), O 8-pum {pore size)
membrane f1lters, an approximate flow rate of 3 lpm  The sampling pumps were
calibrated before and after sampling

RESULTS AND DISCUSSION
SAMPLE PREPARATION AREA

Approximately 130 assay samples werce processed 1n the sanple preparatlion ared
aovetr the 3 days of this survey  The majority of the asssy samples wers cote
samples from the sawe nine One trandom bulk sawple was taken to represent
these assay samples {grey, slate-~like appcarance) This sample contalned 26
parcent quartz (mest common form of crystalline s111ea) and no cristobalite
foctahedral form of erystalline silica) Ariother bulk sample was taken of an
assay sample ropresenting approximately 5 percent of the samples processed
over this period (pure white apprarance) This sample concailned 91 percent
quartz and no cristohalite

All airborne s1lica concentrations were below applicable evaluation criteria
Eighteen arca samples and five personal breathing zome (PBZ) samples were
taken  The emplovees who work in this area charaeterized the werk activities
az normal  The cellectlon times for the areas and PR samples ranged from 400
to 465 minutes One ancmaly was 8 PBZ sample that ran anly 301 minutes
because the worker lteft early A11 area and PBZ results were below the
analvtical limit of detectien (LOD) for crystalline silica The LOBD 1s
definad as the smallest amcunt of analvte which can he distinguished from the
background ‘**' In terms of weight on the filter, the crystalline silica was
iess than U0 U1l mg per filrer for guartz and less than 0 015 mg per filrter for
cristoebalite All airborne s1lica corcentrations {respirable fraction) were
less than 0 02 mg/m* for the area samples and 0 03 mg/w® for the PBZ samples
based on the minimum collection volumes
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FIEE ASSAY ARFA
Lead

Personal Breathing Zone Samples-——

The results of che PBZ sampling for Tead arc summarized in Table 2, indtwvidual
sampling data for lead are listed 1n Appendix A According to the workers in
the area, work activities during the survey were normal Twenty PEZ samples
were collected on two workers in the fire assay area and analyzed for lead
{NLOSH method 7150) and elements (NIOSH methoed 7300) Samples collecred for
elements had detectable levels af lead reported  EResulrs of lead from element
sanples were combined with results Lrom the lead samples to determine average
lead ewposures The eollection times for the PBZ samples vanged from 200 to
250 minutes  During the first day, Worker A had an srithmetic mean of

4 pg/m*  Worker B was absent this first day On the second day, Worker A had
an arithmetic mean of 9 ggfm? and Worker B had an arithumetic mean of 23 pg/m3
The third day of the sampling peried Workev A had an arithmetiec mean of

8 uwg/m® and Worker B had a arithmetic mean of 47 pg/m?

Table 2 Fersonal Sample Concentrations of Lead
1 Fire &ssay Area {pg/m?)

Average
Sample Time ArithmetLe Standard
Warker Day finin) Mean Deviation Range
A 12/14 /93 244 4 2 2 -7
A 12/15/93 230 q 7 2 - 20
A 12/16/93 210 a8 4 4 - 14
B 12/15/93 220 23 21 2 - 49
B 12716793 1640 47 7 40 - 59

Time welghted averages (TWA), over the sampling period, are shown in Table 3

The lead (TWA) exposures ranged from 4 to 49 xg/m’, which are less than the
O8HA PLL However, the potential to ewceed the 0O5HA PEL of 30 pg/m® and
action level of 30 ug/m® does exist Exceeding the actlon level trippgers a
number of reguirements under the OSHA Lead Standard previcusly mentloned
Worker A and B perforwcd the same type of operatiens throughcout the survey
Worker 4 had TWAs that were considerably less than Worker B This indicates
that work practices may contribute to worker exposures 1n the fire assay area

Two short term PBZ saumples were eonllected when Worker A mixed a large batch of
fluxang agents under the downdraft ventilated litharge hood  During this
mi¥ing cperation, 50 pounds of litharge werc added to the fluxing agents
inside the hocd  The short-term samples were alsc collected during hand
mixing operations where fluxing agents were mixed with ore samples 1n a
crucible inside the ventilated hood  The twe short-term samples collectud
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Tahle 3 Time-Weighted Average {TWA) Exposures
Over cthe Sampling Period

Sample Period WA Concentration

Worker Day {min) {pg/m®)
A 12/14/93 484 b
'Y 12/15/93 465 7
i 12/16/93 419 )
B 12,/15/93 430 20
B 12/16/93 317 49

during these operatiens indicated lead exposure to be less than 2 ug/m® This
indicates that the litharge hood dees control worker exposures during litharge
mxing operations

Area Bamples--

A summary of area and background {amblent) lead concentratrons measured during
the survey are presented i1n Table 4 Forty-nine area samples were collected
in the fire assay area  Figure 5 shows area sample locatloms in this ares

Table 4  Summary of Lead Area Sample
Concantrations 1in Fire Assay Area (pg/mj}

Number Average
of Sample Arithiatic Standard
Ares Samples Time (min) HMean Deviation Rango
Litharge Hood 6 220 3 3 1 - 10
{left]
Litharge Hood 6 220 3 3 1 - 10
{right)
Cupel q 230 122 76 b= 200
Furnace®
Crucible & 230 19 9 8 - 30
FMarnace
Fouring 12 230 15 11 1 - 34
Station
Backgroumnd & 420 01 a1 0 -0 2
findaor)
Background 6 420 o1 o1 0-03
foutdoor)

* Area samples taken on the second day of survey when the cupel fuvnace
wWas not 1n aperatian were omiiled in this Summary
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Area samples collected on the right side of the litharge hood had an
arithmetic mean of 3 ug/m* for the first day, 6 pg/m’ for the second day, and
S5 wg/m? for the third day of the sampling period Ares samples collected on
the left side of the litharge hood had an arithmetic wean of 3 ug/m?® For che
firet day, 6 pug/m® for the second day, and 7 pg/m? for the thard day of the
sampling period These results wverify that the enclosed litharge mixing hood
does control lead exposures during litharge mixing operatlons

Area samples collected at the large canopy hwood covering the twe cupal
[urnaces had an arithmetic mean of 62 pg/m’ for the first day, 8 pg/m® for the
second day, and 183 pg/m*® for the thitvd day of the sampling period The cupel
furnaces were net operated on the second day  These results verify that the
large canopy hooed over the two cupel futnaces 1s not controlling lead
arposures adequately  This conbrol should be modified according Lo
specifications given in the englneering control section of this report

Arey samplez collected at the small canopy hood covering the crucible furnace
had an arithmetic mean of 12 pg/w® for the firet day, 19 pe/m* for the second
day, and 25 pg/m* for the third day

Area samples celleclted at the pouring station hard an arithwetic mean of
10 pg/m* for the first day, l4 ag/m? for the second day, and 23 pg/m® for the
third day

Arzenic

Personal Sanplos——

The ore hodies analyrzed 1n this labh are frem varicus mine sites Lhrough-out
the warld Some of the ore analyzed 1s high i1n arsenic Six personal air
samples were cellected and analyzed for elements over the 3-day sampling
period The resulls ol some of these samples did show personal arsenic
exposures 1n the five assay area  The results of the personal air sampling
for arsenlc arc summarized in Table 5 Alr samppling data for arsenic are
listed 1n Appendix B

Time-welghted averages (TWA}, over the samplang porioed, are shown in Table @
The arsenic (TWA)} exposures tanged from 0 2 to 8 pgfm”, which are less than
the OSHA PEL  lowever, Lhe NIOSH REL of 2 pg/m® (celling limic) was exceeded
and potential to exceed the OSHA PEL of 10 pg/m’® does exist

Araa Samples—

An earlier KIOSH engimeering control study of arsenlc eyposures it gallium
arsenide processing showed that a high percentage of arsenic passed through
the sample filter and was collected on a charcecal tube Therafora, area
samples at the pouring station for arsenic were taken using a sampling train
consisting of a filter followed hy & charcoal tube 1n order to caplurc any
arsine or arsenic vapor that might pass through the filter The arsenic
results collected using the filtar/charceal tube ecombination are also
prasented 1n Appendix B All of these arsenic samples were ar or below

3 2 pg/m*) for this method  Area sawmples for arsenic were also collected at
the drying ovens using Lhe filter/tube combinalion, although the drying cvens
wero not used during our survey 411 samplecs for arcenic collected 1n the

{343

16



Table 5 Perszonal Sample Concentrations
of Arseniec 1n Fire Assay Area {pg/m*)

Average
Sample Time ArithmelCic Standard

Worker Day {min} Maan Daviation Range
A Dec 14 243 8 8 J1-15
A Dec 15 234 a3 01 012 -05
A Dec 15 212 02 01 02 -03
B Dec 13 215 3 3 02-306
B Dec 16 160 a4 01 03 -0

Table & Time-Weighted Averages (TWA)
uf Arsenic Exposures Over Lhe Sampling Period

Sample Period TWa Concentration

Worker Day {mind {pg/m*)
A 12 /14493 485 8
A 12/15,/93 468 04
A 12/16/93 424 02
B 12/15/93 430 3
B 12/16/93 321 04

drying area were below the limit of detection which resulted 1n arsentc
concentratlons less than 1 1 pg/fm® Area samples coellected for elements at
the furnaces in the fire assay area all had arsenic concentratiens less than
13 pg/w?

Diher Elements

The average personal sample concentration to warious metals and minerals are
presenbtad 1n Appendix C The conccutration of each of the metals 1ncluding
cobalt and chromium were all at low levels and were well conttolled during the
SUrvey Nevertheless, an 1ncrease 1n metal content of the mine assay ore

(e g , different ore bodies) may result in higher airborne concentrations in
the mine assay laboratory
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WORE PRACTICES AND FPERSORAL PROTECTIVE EQUIPMENT
Sample Pyreparation Area

The two employees who work in this area have both been employed over 7 years
Theese emplovees were consclentious regarding proper use of the sample
preparation cgalpment and their persomnal protective cgulpment  NIOQSH/MSHA-
approved, half-face, powered, air-purifying respirators are used by parsomnel
while performing crushing operations  NIOSU/MSHA-approved, dispesable dust
masks were used during the splitting and pulverizing operatiens (Neorth,

Model 7175} Ear plugs or war muffs are worn by workers in the sample
preparaltlon areas

Several work practices appear lo roduce potential exposutres Guillotine gates
are installed throughout the local exhaust wventilation system Employees
vonfipure the ventilation sysiem (by opening and clesing the gurllotine gates)
e mMaxlmlzce capture velocitles agsoclated with the equipment in usc Faint
brushes and compressed a1y are utilized to clean out the ring and puck
pulverizers Employees are careful to sparingly use the compressed air
because they don’t want to dirty the room and eross-cotrtaminate the assay
samples Accordiug to the employees, this Ls sometimes a problem with
temporary employees who infrequently use this srea

Fire Assay Area

In the fire assav area, aluminum-lined gloves, lab coats, aprons, =afety
glasses, and safety shoes ave utilized by workers  HEPA-filtered half mask
respiratars arc worn during litharge mixing operatlons

HYGLENE

A shower facility and a separate break area are avallable for employees at the

laboratory  No esatilng,. drinking, or swmeking 1s permitted 1n the laboratory
alreas

CONCLUSIONS AKD RECOMMENDATTIONS
SAMPLE PREPARATION AREA
As demonstrated by the air sampling rvesults, the local ventilation systems 1n
the sample preparation area appear to control exposures  Results for the bulk
samples revealed 26 to 91 percent crystalline salica No area or perscnal azar

somples ware above applicable eavalualion criteria These rezullis appear
related to several factors, including (1) small quantitles of material
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prucessed, (2) good ventailation of the crusher equipment, (3) enclosure of the
puck and ring millz, and (4) conscienilvus work practices Howeve)y, several
recommendation ave presented te i1mprove the current setup and reduce potential
crystalline silica exposures

1 The risk of exposure to crystalline silica 1s greatly lncreased through
the use of compressed air  Consclenticus efforls to minimize the use of
compressad air have helped to reduce what could have been significant
expusures A purtable high efficiency particulate air {(HEPA) [1lEer
vacuum sysiem or 4 vacuum system comnected to the lecal venrilation
System 13 recommended To prevent unnecessary silica exposures and te
reduce the risk of crouss contamlnation batween assay samples

2 The face velocities on all of the venutilation hoods ranged ELrom
20-54 Tpm These measurements were below design recommendations of 200
to 500 fpm ‘**' These capture velocities were chosen due to the use of
compressed air whlech creates significant turbulence within the hoods
If vacuuming was used, reduced caplturce velecitles could be used to
effectively control exposures

3  The lace velocities for all of the hoods could be cconomically increascd
by decreasing the hood areas This could be accomplished by adding
Lransparent plastic Lo the extsting hoods Lo decrease the lace area, wvet
st1ll maintain visibility so that the employees could effectaively
perform thelr duties A 25 percent decrease in the hood face area could
result 1n a 25 percent increase in face wvelocities

4 The dust collection systems used 1n the crusher room and the north side
of the pulverizer room recireulates filtercd air back inte the sample
preparatlon area  The problem associated with this practice 1s that the
exhausts from these systems could petentially add to the respirable
s1lica concentrations within this area 1f the system 18 not operating
cffectively Recirculation of filtered alr can be safely accomplished
1f the current control systems are modified to those recommended by the
ACCIH Ventilation Manual® (see Figure 6) 9%

FIRE ASSAY AREA

As demonstrated by airr sampling resulfis, the enclosed downdraft wventilation
hood does appear to be effective in controlling worker exposures during
litharge mixing operations Smoke tube testc and aly gampling results 11 che
fire asszay arca indiecated that the ventilation systems on the furnaces are not
working effectively Personal exposures i1n the fire assay area could be a
result from the ventilaticn systems (lovcated over the furnaces) not
funectioning properly Several recommendations are presented to improve the
ventilation controls over the furpaces and reduce potential lead and arsenic
gxposures

1 The hosd exhaust velume ef the large canopy hood lecated over the twe

cupel furnaces should be increascd to 2000 cfnr to contnel the convection
currents gensrated by the twe furnaces 27" The small canopy hood
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located over the cruclble furnace should have the hood exhaust valume
increased te 1100 cfm to contrel convection curremts generaled by this
furnace 7]

The large canopy hoed extends out 1o front of the two furnace doors 3"
It 1s recommended that the hood be modified to extend out 1n front of
the furnace doors and around the furnace approximately " Yo 8" to
capture the 5-degree plume given off by the heat source ¥ The cancpy
hood on the crucihle furnace should alse extend 0" to 8" over all sides
of the furnace

It 1g recommended that a respiralory pratecllon program be set up 1n
accordance with the 0SHA lead standard *?* It 15 alsc recommendad that
workers 1n the [ire assay arca wear HEPA-filterad respiraters during
furnace and pouring operatlons

During pouring opervations, 1t 1s recommended that workers place the
pouring table as close as possible te the ventilation hoods and that
woerkers do not stand between the pouring operation and the exhaust air

flow
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APPENDIX C

Average Personal Sample Concentrations of Metals and
Minerals in Fire Assay Area

Analvyte Concentration
(ug/n7)
Beryllium < 03
Cadmium < 2
Cobalt <{} 5
Chromium a4
Copper = 6
Magnesium 7
Manganese <1 2
Melybdenum <0 &
Nickel <73
Selenium <k
Silver a7
Tellurium <3
Thallium <h
Titanitm Q7
Yanadium <) A
Zince <2
Zlrconlum <0 3
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