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~7 " PREFACE

NIOSH conducts field investigations of possible health hazards in the workplace. These investigations are
conducted under the authority of Section 20{a)(6) of the Occupational Safety and Health Act of 1970, 29
- U.S.C. 669(a)(6) which authorizes the Secretary of Health and Human Services, following a written request
- from any employer or authorized representative of employees, to determine whether any substance normally
found in the place of employment has potentially toxic effects in such concentrations as used or found.

NIOSH also provides, upon request, technical and consultative assistance to Federal, State, and local
agencies; labor; industry; and other groups or individuals to control occupational health hazards and to
prevent related trauma and disease. Mention of company names or products does not constitute endorsement
by the National Institute for Occupational Safety and Health.
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Pottery, Plastics & Allied Workers Intemnational; General Teamsters and Allied Workers; PACE
International; and other interested parties. - This report is not copyrighted and may be freely reproduced.
Single copties of this report will be available for a period of three years from the date of this report. To
expedite your request, include a self-addressed mailing label along with your written request to:
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4676 Columbia Parkway
Cincinnati, Ohio 45226
800-356-4674

- Afier this time, coples may be purchased from the National Technical Information Service (NTIS) at
- 5825 Port Royal Road, Springfield, Virginia 22161. Information regarding the NTIS stock number may be
~ obtained from the NIOSH Publications Office at the Cincinnati address.
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SUMMARY

| In July 1991, the National Institute for Occupational Safety and Health (NIOSH) received a request for technical
. assistance from the Mine Safety and Health Administration (MSHA) to estimate the prevalence of silicosis among
acuveandletnedmmersatU.S.SllmCompanfsColumbmplant, in Cayce-W. Cohnnbla,ScnnhCamlma. '

Qnrmtandformerwmkﬁrswuhoneyworgmutermulanvewmuem19‘70m1hegrmdmgueaofﬂ1emill
amm&w@m@mﬂaﬂmmg)ofﬁegﬂngmmmmmemmdm
interest. On February 24-25, 1994, amedical evaluation of current workers was conducted. Former workers were
* tested on February 26-27, 1994. The medical evaluation included a questionnaire, spirometry, and a single view
posterior-anterior (PA) chestx-ray. Chestx-rays were independently classified according to the 1980 International
Labour Office (ILO) system by three NIOSH-certified B readers who were unaware of the participant’s age,
occupation, occupational exposure, smoking history, or any identifying information. For the purposes of this
wﬂmhm,ahcmmmsdeﬁmdmﬁebassofach&x%ywﬂxmedmmﬂlopmﬂymﬁmdmnﬂmﬂm '
of category 1/0 or greater.

Thirty-five (90%) of 39 current workers and 1 (65%) of 17 former workers who met the study criterion .
participated in the NIOSH medical evaluation. Of thesc 46, four (9%) had a chest x-ray comsistent with silicosis.

'I‘heh:ghmtmedmnl[.o;mﬂsmwcgmywasm. Twooflhefwrhadadwdx—mymnstmthﬂlp'ogr&mve
massive fibrosis (PMF).

" Twelve (27%) of the 45 participants who performed spirometry had abnormal panems, all 12 exhibited an

obsmmvehmgpaﬁml. Abnmmalspuomeuypm\swueprmanmaﬂfunoﬂhepmuc:pamswnhaposmve ; ‘
dnstx—my :

USS. Silica’ smedwalmm@rmgmhﬂﬁaﬂofmemmgmmmnmmdedbymewwus&ml&nd‘
Association (NISA) as well as those recommended by NIOSH for workers exposed to ground silica. NISA’s
current guidelines also recommend multiple readings of all chest x-rays with a small opacity profusion
classification of 1/0 or greater and 5-10% of those chest x-rays classified as 0/1 based on a single reading.
Since 1990, the company reportedly sent chest x-rays initially classified 1/0 or greater by a single reader for
additional classifications. Of the company records we reviewed, chest x-rays initially clissified as negative (0/0
. mﬂWl)wmmmlysanforaddeMdmgs,andmeMwofmdmgch&nxqayschsﬁedllﬂor
grmforaddxumalmdmgswasnotcmsment.
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Four (9%) of the 46 survey participants who met the study criterion were found to have chest x-ray findings

consistent with silicosis. These results are consistent with patterns of crystalline silica dust exposure at this facility.
There were no cases of silicosis among current or former workers with 15 or less years of employment; however,
because of the long latency usually associated with chronic silicosis, this finding is not sufficient to conclude that
current crystalline silica dust exposure levels are without adverse effect.

as 0/0 or 0/1 will not be identified.

Reomnmendanonsm-epmentedmﬂnsreportandmcludeobtmnmgatleasttworeadmgsofallch&stx
regardless of the initial small opacity profusion classification, increasing the frequency of medical m i
examinations, and modification ofﬂiebaselmeandmlmneexammattonsto include skin testing for tuberculosis

(IB).

Keywords: SIC 1446 (Industrial Sand), Silica, Silicosis, Mineral processing, Ground silica, Silica flour
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INTRODUCTION

- InJuly 1991, the National Institute for Occupational
Safety and Health (NIOSH) received a request for
technical assistance from the Mine Safety and Health
. Administration (MSHA) to estimate the prevalence
' ofsmoosxsamongacuveandret:mdmme:satUS
Silica Company’s Columbia plant, in Cayce -W.
" Columbia, South Carolina. The medical evaluation

: was part of a joint project between MSHA and

NIOSH to study silica exposures and the prevalence
of silicosts in workers in a number of ground silica
mills. A protocol outlined the responsibilities of
each agency (see Appendix I). MSHA selected the
nine sites for this study and was responsible for the
evaluation of crystalline silica dust exposures as well
as dust control methods. NIOSH was responsible for
conducting medical evaluations at each site. This is
the final report of the NIOSH medical evaluation
conducted at U.S. Sllm Company’s Columbia

facility.
On February 10,1994, two NIOSH representatives

- met with company representatives, the facility’s

Miners’ Representative, several employees, and a
MSHA representative to discuss logistical and
- administrative ~ considerations of the NIOSH
evaluation. On February 23, 1994, an opening
meeting was held with company representatives, the
Miners’ Representative, and a representative from
MSHA to discuss the ensuing evaluation and to
address any last minute questions. The meeting
concluded with a walk-through of the plant.

On February 24-25, 1994 the medical evaluation of
current workers was conducted. Former workers
were tested on February 26-27, 1994. All study
. participants received written notification of their
spirometry results in March, 1994. All chest x-rays
were promptly reviewed by a pulmonary physician
for evidence of acute health problems upon retum to
NIOSH and prior to the classification process. All
study participants received written notification of
their chest x-ray results in December, 1994.

In 1993, each company with a site, or sites, selected
by MSHA for evaluation, was asked by NIOSH to
provide medical and personnel records of current and
former employees who had worked at least one year
since 1970. Of the nine sites, three were U.S. Silica
operations, one of which was the Columbia plant. In
March of 1995, following negotiations and legal
proceedings, a settlement was reached conceming
NIOSH access to company medical and personnel
records. U.S. Silica agreed to extract, copy, and
provide the records of current and former workers
whom the company determined had met the NIOSH
criterion for entry into the study population (i.c., one
year or greater cumulative tenure since 1970 in the
grinding area of the mill or in areas downstream by
material processing of the grinding process). The
production of records for all three U.S. Silica sites
began in July 1995, and was completed in November
1996.

BACKGROUND

U. S. Silica Company’s Columbia plant was
constructed in 1962 and has been in operation since

then. Beginning with two grinding mills, U.S. Silica -
-(formerly Pennsylvania Glass Sand) increased its

silica-grinding capacity inthe 1960's and again in the

1970's with the installation of a total of four -

additional grinding mills. In 1994, U.S. Silica’s
Columbia plant was the largest producer of industrial
ground silica in the United States. A miners’
representative, selected by the employees,
represented employees at this plant. At the
Columbia plant, silica sand is mined from a nearby
openpit operation and transported by overland
conveyor to the plant for processing. After
removing impurities, the sand is dried, classified, and

" milled. The bagging operation was eliminated in |

1980, and all products are bulk-loaded into railroad
cars or trucks. At the time of our survey in 1994, the

plant operated production processes 24 hours a day,
seven days a week, with 8-hour shift schedules. Four
S-person production teams rotated periodically to

cover the seven-day operations. Maintenance
personnel worked 8 am. - 4 p.m. five days a week.

" Health Hazard Evalustion Report No, 93-0795-2783




MamtenanceooumedweeldymMondaysdlmngr

the first (daylight) shift. No milling or grinding took
place while maintenance activities were performed.
A total of 48 employees (including clerical and
slanedunployws)wolkedatﬂleCohnnbmplant
- The departments that were part of the Columbia

7operahonwereProd|mon,whlchmludedmmmg, g

milling, and load-out; Maintenance; and
Administrative/Clerical staff ~ The main job

mtegormaﬂ'ecwdbylhegmdingmm '

Control Room Ogperator, Mill Helper (Mill Helper
duties include working in the mill and clean-up),
Bulk Loader, Lab Technician, Maintenance

(mechanics and electricians), and Supervisory 1

petsonnel(e.g.,shiﬁsuq:eiviﬁdrorlbmn&h)..

- METHODS
‘Study Objective

'Ihepmnaryobjectxveofﬂ:esmdymwwumme
and report the prevalence of silicosis among
participating current and former employees in the
grinding area and/or downstream (by material
- processing) of the grinding area, by tenure and job,
if feasible.  To assess any bias in the prevalence
estimate caused by lack of full participation in the
medical survey, demographic characteristics and
disease status of participants and living pon-
participants. who met the study criterion were

compared using information obtained from company

Company medical monitoring programs and
" practices were also examined and evaluated as
factors that affect silicosis prevalence and contribute

towards its plevetmon.
Study Populatlon

'Ihesmdypopulauonwasdeﬁnedasallumn

workersandlwmgﬁxmerworkerswholmdmeyw
or greamr wmulatxve tenure since 1970 in the

b —

ymdmgmofﬂxemﬂlmmmdowm&mof .

ﬂ:egrmdmgprocass.

The company provided a roster of all current workers -
and a roster of former workers employed for one

year or more since 1970. We mailed letters to the
wmkasmlh&nemsmrsmvmngﬂlembpuucxpate
in the medical evaluation.  Additionally,

- advertisements were placed in local newspapers to

reach those workers who may bave moved withinthe
localmorolhawrsemayhaveﬁilaltomewea
letter. To avoid inadvertent oversight of an eligible

PR

-s—

worker with prior experience in the grinding areaor -

areas downstream of the grinding process, all
identified workers were invited to participate’

regardless of work area or length of employment.

For current workers who -chose to participate,

eligibility for inclusion in the study population was |

determined using information from the comparny,

company records, the medical evaluation, and
MSHA. For former workers who chose to
participate and were listed on the company roster,
eligibility was determined using information from

“company information regarding eligibility whenno
records were provided (i.e., correspondence). If a

ﬁxmawmkerwasnotﬁsledmﬂwoqnpmymswr,
eligibility was determined using information from

ﬂ)emedmlevalmaompanymfamanon,mdior -
- company records which were subsequently provided.

We relied on the company to identify eligible non-
pmtclpahngammmmawmkﬂsmﬂpuvﬂe

. their records.

Data Collecﬁbn )

Posterior-Anterior Chest X-Ray

Ch&stx—myswéréﬁkm&naﬁnﬂémc(“xl?nﬁ)

film. All chest x-rays were read independently by

throe B readers who, without knowledge of the

participant’s age, occupation, occupational exposure,

- smoking history, or any identifying inf g
classified the films according o the 1980 ILO

Intenational Classification of Radiographs of
Pneumoconioses.™ A B reader is a physician who

Health Hazard Evaluation Report No. 93-0795-2763



_ has demonstrated the ability to classify chest x-rays
for the pneumoconioses (dust diseases of dae'lung)
using the ILO Classification System by passing a
certlﬁcatnonemmmatlonadmmlstemdbyNIOSH

'IheNIOSI-LeauﬁedBmdcrsusedmﬂnspropet
had each classified at least 500 chest x-rays for the
4th round of the NIOSH Coal Workers’ X-Ray
~ Surveillance Program. They had also participated in
a pilot study which entailed a reading trial of over
400 films of anthracite miners in preparation for a
current exposure-response study using National
Study for Coal Workers’ Pneumoconiosis ‘films.
After determining that NIOSH B reader certification
was not due fo expire any time between June 1993
and December 1994, the readers were contacted and
interest and availability to read chest x-rays for the
present study were ascertained. The same three B

The ILO classification method is used for
epidemiological research, for the surveillance of
workers in dusty occupations, and for clinical
purposes. The method recognizes two major
categories of opacity size: small(slomhmm)and
large(>lcentlmewr)“’

The profusion (i.e., number) of small opacities are
recorded using agraduated 12-point scale within four
major categories (0, 1, 2, 3). A major profusion
category of 0 indicates no apparent abnormality,
while 3 indicates substantial abnormality. Film
classification is achieved by comparing the subject
film with the appearance of “standard films” which
define small opacity profusion. In classifying small
opacity profusion, the final determination of major
category is listed first. If a higher or lower major
category has also been seriously considered, this
category is also listed after a slash mark. If there is
no question as to major category, the two listed
numbers are identical

Thus, the small opacity profusion scale is as follows:

Size and shape of the small opacities are also
classified, both being differentiated using the
letters of the alphabet. Two letters are used to
record size [in millimeters (mm)] and shape, the
first listed letter indicating the predominant type @2

Classification of Small Opacity Type
Upic 1 5mm 1.5-3mm 3-10mm
Rounded P q | 4
Tmeguiar s t u

To record the distribution of the small opacities, the
Tungs are divided into six zones—three on the left and

three on the right, for the upper, middle, and lower :

portions of the fungs.?

Three categories are used to define large opacities
according to size [measured in centimeters (cm)): A,
B,and C® Category A is specified as an opacity >1
cm but <5 cm, or several opacities >1 cm whose
combined diameters are <5 cm; Category B is one or

‘more opacities >5 cm whose combined area is less

than the equivalent area of the right upper hung zone;
Category C is one or more opacities whose combined
area is greater than the equivalent area of the right
upper lung zone."?

The technical quality of the chest x-ray (or film
quality) is graded and recorded using four scores, 1,
2,3, 0r4. A“1” represents the highest quality, while
a*“4” represents a chest x-ray considered by a reader
as “unacceptable” or “unreadable” for classification
purposes.’?

Health Hazard Evaluation Report No. §3-0795-2783
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Spirometry

Spirometry was performed using a dry rolling-seal
spirometer interfaced to a dedicated computer. At
least five maximal expiratory maneuvers were
recorded for each person. All vafues were corrected
to BTPS (body temperature, ambient pressure,
capacity (FVC) and forced expiratory volume in one
second (FEV,) were the parameters selected for
analysis, regardless of the curves on which they

occurred. Testing procedures conformed to the

American Thoracic Society’s recommendations for
spirometry.® Predicted values were calculated using
the Knudson reference equations.© Predicted values

for Affican-Americans weré determined by
multtplymgﬂ]cvaluepmdldedbyﬂlel(mﬂsm

byossm

Quesﬁonpatre '

AmodnﬁedvasnonofﬂxeMedmlRmchCamcll
(MRC) questionnaire® on respiratory symptoms,

supplemented with questions concerning
smoking habits, physician-diagnosed respiratory

illness, frequency and content of company medical -

evaluations, and participant’s knowledge of prior test
results, was administered by u'amed NIOSH
personnel. - -

*" Medical and Personnel Records
Each company was asked to provide medical and
personnel records of current and former employees
who had worked at least one year since 1970. °

Three st'of company-held documents *were
identified from which the presence or absence of

~ clinical radiology reports (a chest x-ray report by a
radiologist), and miscellaneous documents (e.g., CT

following case definitions for silicosis were '

established for each type of document:

1. AnII.Dsmallopacutypmﬁmonclassrﬁwuon
ofll()ormanﬁlemostmeutchwtx-my '

2 Acllmcnl ogy report which contained :
of silicosis {(e.g., 7
“pneumoconiosis™), or other thscrqmons
considered consistent with sillcosns (sce |
“lelis”secuon). ) X

3. Aphysncrandmgnos:sofs:honsns,ora :
diagnosis of pneumoconiosis if silicosis was -
eo:mderedmthedlﬁémnhaldiagnosns. C

'lhecasedeﬁnitionusedinﬂ:eanalysisdepuxbdqn :
the type of records obtained from the company. ILO °

classifications -were consldered Jdeal and the

clinical radiology reports, and finally miscellaneous

documents.  Therefore, if all three types of
- documents were available for an individual, ILO
classifications were used to identify silicosis (case
. definition 1). If company records only contained

documents, case definition 2 was used. Case

_definition 3 was used when only miscellaneous
- documents were available. '

'Medical Monitoring

The 1981 NIOSH recommendations for medical

. monitoring of workers exposed to ground silica

(silica flour),” and the recommendations published
by the National Industrial Sand Association (NISA)
for workers exposed to crystalline silica®® were used

. asﬂ)ebasmtoevaluatempanymedlealmmmxmg o
practices.

'EVALUATION CRITERIA
Chest X-Ray -

Ad)estx-raywasdeﬁnedueonsmltw:ﬂlsilloosls
if the median, or middle, classification of small

“silicosis™ or



opacity profusion by the three B readers was 1/0 or
greater. For cases where only on¢ reader considered
a film of unacceptable quality, an additional
classification was sought. If the film was considered
. unacceptable a second time, it was then classified as
unreadable (UR). However, if the film was able to
be classified, this classification was used to
determine the median, and the results were
-procedure was followed so as not t0 give undue
weight to the judgement of a single reader.
Progressive massive fibrosis (PMF) was defined as
the presence of large opacities of ILO category A, B,
or C classified by at least two readers.

The overall shape of the small opacities was based
on the predominant shape (i.e., the first listed letter)
classified by two or more readers. If only two
readers classified shape and the predominant type
differed, the shape was considered “mixed.” -

Spirometry ?

- To identify participants with abnormal spirometry
pattems of obstruction and restriction, each
examined workers test results were compared to the
95th percentile lower limit of normal (LLN) values
obtained from Knudson's reference equations. Five
percent of a normal population will have predicted
values that fall below the normal range, or LLN,
while 95% will have ptedlcted values above the
lower limit.

Using this comparison, obstructive and restrictive
patterns were deﬁned as:
- Obstruction: Observed ratio afFEV,/FVC% below

the LIN.
Restriction: Observed FVC below the LLN.

Questionnaire

The following definitions were established for the
purpose of questionnaire analysis:

a cough on most days for as
much as 3 months during the

year.

the production of phiegm on
most days for as much as 3

months during the year.
shorhxess-of-i:reath walking
with individuals of similar age
on level ground.

Chronic Bronchitis cough and phlegm on most

days for as much as 3 months
for 2 or more years.

Medical Monitoring

The 1981 NIOSH recommendations for medical
examinations of ground silica workers include a

Chronic Cough

Chronic Phlegm

~ medical and occupational history, chest x-ray, and

pulmonary function testing (spirometry) for all
workers prior to job placement and annually
thereafter” The 1977 NISA guidelines
recommended obtaining a medical and occupational
history, physical examination, and pulmonary
function testing every two years. A chest x-ray was
also recommended, but frequency was not
discussed.® The current NISA medical monitoring
guidelines, part of NISA’s Silicosis Prevention
Program which was established in 1993 and
published in 1997, recommend a medical and
occupational history and physical examination prior
to job placement and at least every two years
thereafter; pulmonary function testing and a pre-
placement skin test for tuberculosis (TB) are optional
components of the medical monitoring program. A
chest x-ray is also recommended, with frequency
determined by worker age, time since first exposure
to crystalline silica dust, or as determined by a
physician if a worker has any signs or symptoms of
silicosis.® For a worker who is 35 years of age or
less, or over 35 years with 8 years or less since first
exposure, NISA guidelines recommend a chest x-ray
every 4 years. The frequency increases to every 2
years for workers over 35 years of age with more

Health Hazard Evaluation Report No. 93-0795-2783
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msmmﬁmwﬂ 'lhem_

guidelines also recommend multiple readings of all

chest x-rays with a ‘small opacity profision
classification of 1/0 or greater and 5-10% of those

dﬂx'myschslﬁdmmmdmamgleB
reading ® 7

SI|IGOSIS '

Sﬂmafmmofmwmoconmsts,sam

fibrotic pulmonary disease cavsed by the inhalation, -

deposition, and retention of dust containing

crystalline silica® Silicosis is nsually diagnosed -

through chest x-ray and occupational history of
-exposure to silica-containing dust. In nodular
silicosis, hng tissue reacts to the presence of
crystallinesillwdustbyformmgnodlﬂm,whmm
chest x-ray typically appear discrete, round, and
more prominent in the upper zones, although other
patterns have been described ™51 guch
radiographic abnormalities are often the first sign of
——

In acute silicosis, the hung is overwhelmed by
crystalline silica particles, and a proteinaceous fluid
accumulates in the lungs as a reaction to the silica
dust @*%™  On chest x-ray, the appearance is
dlﬁ'etentﬁomlhatufnodularsiheos&w]mmy

litle of the typical nodular scarring %
Conseqwntly,:tmayoﬁmbemns—dmgnosedas"

. pulmonary edema or pneumonia.

mfb“mghblemmarmﬂ:eclmmm&
silicosis: S

Each form is differentiated by time to onset of
clinically appareat discase afer iniial exposure

(induction period), intensity of exposure, and the rate

© at which the dimam Fog,-esses_ﬂ.ll.lln The

percentage of crystalline silica in the dust, size of the

-

exposure also  affect disease onset and.
progression. " "Ground silica (silica flour)
consists of essentially pure crystalline silicon dioxide

- particles (the quartz polymorph), of respirable size

(<10 micrometers).?"*? Particles of this size may be

. invisible to the naked eye and are small enough tobe

deposited in the alveoli Fm]ym“_'

. fractured, crystalline silica -- whx:lnsuypmlfom

of silica in ground silica facilities — may be more
toxic or fibrogenic (., produce more scarring of the

- hmgs) than aged silica @**

A continuum is thought to exist between the chronic

and accelerated forms of nodular silicosis. Factors
determining the progression of disease are unclear 9

Chronic silicosis (the presence of detectable,
-the most common form of silicosis and usually

becomes evident after 10 years or more of exposure
to dust containing crystalline silica ™" -There

may be few, if any, clinical symptoms; the most
. ‘common symptoms are cough, with or without

- sputum production, and shortness of breath. There -
may be little or no decrement in pylmonary function.

Accelerated silicosis is associated with higher
exposures to crystalline silica and has a shorter
induction period than chronic silicosis. Chest x-ray
abnormalities usually appear within 5-10 years.®
This form of silicosis often progresses after exposure
in a few weeks to 4 or 5 years after initial exposure

and is associated with exposures to extremely high .

concentrations of crystalline silica (**!'9

Respiratory impairment is severe with acute silicosis,
mdﬂledlseaselsu&mllyfamlwnhmayearof

) dmgnoms.mlﬂ

Both chronic and accelerated silicosis can become
complicated by the development of infection and/or

- progressive massive fibrosis (PMF). Infections(e.g.,
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 tuberculosis andlor fungal infections) are believed to
- result from the inability of the overwhelmed lung

scavenger cells (macrophages) to kill the organisms

~ that cause these diseases.”*® Progressive massive

fibrosis (PMF) has at times been called
"complicated” silicosis, and is the result of silicotic

“: nodules fusing into large masses. PMF profoundly

affects both the structure and function of the
lungs (o129

Recently, the International Agency for Research on

"~ Cancer (IARC) reclassified crystalline silica (quartz

or cristobalite) from occupational sources as a
substance “carcinogenic to humans,” and evidence
suggests that individuals with silicosis are at
mmsednskforhmgmmNIOSHmﬂy
recommends that crystalline silica be considered a
. potential eccupational carcinogen.®'?

RESULTS

The Study Populatlon and
Participation |

Table 1 outlines the number of current and former
workers who were originally identified for study, the

- number of workers excluded (and the reasons), and
' thetotalnmnberofworkerswhomamedtomake

upﬂleswdypopulahon-

Of 48 current employees, eight current workers were
determined to be ineligible (i.e., they did not meet the
study criterion) and were excluded from the study
population. Eligibility could not be determined by
NIOSH for one participating current worker. A total
of 39 current workers were ellgible for inclusion in

the study population.

0Of 42 former workers identified, 24 were determined
to be ineligible, and the records for one worker were
missing. Eligibility could not be determined by
NIOSH for one participating former worker whose
" name was not listed on the company roster. A total

of 17 former workers were eligible for inclusion in
the study population.

Of the 39 current workers eligible for inclusion in the
stiudy population, 35 (90%) participated in the
medical survey. Of the 17 eligible former workers,

11(65 %) participated. Thus, of 56 eligible workers,

46 (82%) participated (Table 2).
- Medical Evaluation

The following discussion of results concerns the 46
participants who met the study criterion. All data
were collected by NIOSH.

Demographics

Forty-five (98%) of the 46 participants were males.
Twenty-nine (63%) were white and 17 (37%) were
African-American. Age, tenure, and cigarette
smoking status of the participants are presented in

Table 3. Cumrent and former workers differed .
-primarily with regards to tenure and cigarette

smoking status. Former workers were employed for
ashorter median length of time (6 years) than current
workers, who were employed for 2 median of 15
years. Fourteen (40%) of the 35 current workers

were employed for 10 years or less, four (11%) were *

employed between 11 and 15 years, eight (23%)
were employed between 16 to 20 years, and nine
(26%) were employed for over 20 years. Among
former workers, 10 (91%) of the 11 were employed
for 10 years or less, and one former worker was
employed for over 15 years. A greater proportion of
former workers were current smokers (55%), and

former workers had a slightly higher median number -

of packyears (one pack-year is equal to smoking an
average of one pack of cigarettes per day for a year).
However, a greater proportion of current workers

(71%) were “ever” smokers (that is, either a current

smoker or a former smoker) than former workers,
64% of whom were “ever’ siokers. An average
(mean) of 10 years had passed since former workers

had left employment. The median number of years

since leaving employment was eight, and former

workers had left the Columbia plant between four -
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monﬂ:sandZOyearspnortoﬂleumetheNIOSH

anary Job and Dusaest Job

Overall, 16 (35%) ofthe 46 paructpants reported
bolding their primary job(the job held for the longest
'pedodoftime)inMaimmmwe, 10 (22%) reported
. working as a Mill Helper, 9 (20%) reported a
primary job as a Control Room Operator, four (9%)
repmmdaprmmyjobmamvmyposmon,md
ﬂree(?%)oflhepamcxpamsrepomdwukmgasa
Lab Technician.. The four remaining participants

mpamdlmdmgmwmkmgasamnermlheq!my _

as a primary job. Maintenance was reported by 13
(37%) of the 35 current workers as their primary job,

and eight (23%) feported Control Room Operator.

Five (45%) of the 11 former wotkers reported Mill -

Helperasﬂ:enrpmnaxypb,wdﬁlelhme&?%)
'reportedwm'lnngmMamtmame. :

Both Mill Helper and Mannmanoe were repated
with the greatest frequency by current workers as the

e

single dustiest job at the plant. Mill Helper was

reported by former workers as the single dustiest job.
Maintenance and maintenance activities, such as
repairing or changing the bags in the dust collectors,
followed in frequency for both current and former

._-ch_erDustyJobs S

A total of 31(67%) of the 46 participants reported
prior or subsequent employment in occupations or
industries that might have been associated with
exposure to fibrogenic dusts. These included 22
(63%) of the 35 current workers and nine (82%) of
the 11 former workers. When the information was
.examined by employment status and reported tenure

* insuchjobs, 10(45%) of the 22 current workers and

three (33%) of the nine former workers reported
employment in such jobs for five years or less, and
eight (36%) current workers and two (22%) former
" workers reported working at such jobs between six to
" 10 years. Four (18%) of the 22 current workers and
four (44%) of the nine former workers reported

employment at such jobs for over 10 years. The type :

of work reported included construction, road work, © .
mining and/or quarry work, and welding. ;

Chest X-Ray Results
All Parficipants

Overall, four (9%4) of the 46 participants had a chest I
x-ray consistent with silicosis. The highest ILO
small opacity ‘profiusion category among the
participants was 2/2. Two of the four had a chest x- -
ray consistent with PMF: one had “B” size large
opacities noted by all three readers, and the second
had large opacities noted by two readers (one read |
them as “A” size, the other as“B™). Allof the chest

 x-raysweretaken by NIOSH. Forty-three (93%)had -
" a median film quality score of 1 (the highest), two

(4%)hadamedwnqmlnymof2,andonehada
median score of 3.

_examined in relation to cigarette smoking status for

the four participants with x-ray evidence of silicosis.
All four of the participants were “ex-smokers,” and
the chest x-rays of all four showed small opacities

fﬂxatwuepmdommanﬂymmdedmdaﬁ’echnglﬁe
'uppa-zuncs. —

Ofthefom'mtpamsmﬂlamehmtx-my -

-two reported holding a primary job (the job held for

the longest period of time) in Maintenance, one
reported a primary job as a Control Room Operator,

-and one held a supervisory position. The pattern of -

primary jobs for these four participants is similar to, -

 and areflection of, the pattem observed among all 46 -

was 56 years and their median tenure was 26 years.

| . Threeofthe four participants with a positive chest x-

" ray reported working at another dusty job. Twoof *

worked for over 10 years.
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Cwrrent Workers

" Table4 lists the chest x-ray results by reader for the
" . 35currently working participants. The prevalence of
. silicosis among currently working participants was
= 9% (3/35). None of the 18 current workers
_ employed 15 years or less had a positive chest x-ray,

" while three (18%) of the 17 participants employed

over 15 years had a positive chest x-ray. All three
were employed for over 20 years. One of the three
participants with a positive chest x-ray was between
40 and 49 years of age, and two were over 50 years
old. : :

Former Workers

Table 5 lists the chest x-ray results by reader for the
11 participating former workers. One (9%) former
worker had x-ray evidence of silicosis. None of the
10 former workers employed 15 years or less had a
positive chest x-ray. The one former worker with a
posmvechwtx-mywasemployedoverISywsand
wasoverﬁﬂyearsold.

- Chronic Symptoms |

A total of 15 (33%) of the 46 participants reported a
chronic symptom or health effect, as defined in the
“Evaluation Criteria” section of this report; eight
were current workers and seven were former
workers.  Dyspnea (shortness-of-breath} was
reported by eight of the participants, and six reported
chronic bronchitis. Four participants reported
chronic phiegm, and two reported chronic cough.
Twelve (80%) of the 15 symptomatic participants
were “ever” smokers. Three of the four participants
with a positive chest x-ray were symptomatic. The
most frequently reported primary job held by
median tenure at the Columbia plant was seven
years. The median tenure of the 31 asymptomatic
participants was 12 years, but the difference in
(seven years) was not statistically significant
(p=0.87, Wilcoxon rank-sum).  Symptomatic
participants had a longer median tenure in other
dusty jobs (4 years) than asymptomatic participants

(2 years), but this difference was not statistically
significant (p=022, Wilcoxon rank-sum) either.

Respiratory Hinesses and
Conditions

Physician-diagnosed asthma was reported by three

participants. Chronic bronchitis, emphysemna, and .-

tuberculosis (TB) were each reported once. -Seven
participants reported other physician-diagnosed lung

conditions: one reported unspecified chest x-ray

changes, a second reported a fungal infection, and
five reported silicosis. Of the five participants who
reported physician-diagnosed silicosis, four had a
positive chest x-ray. Thirty-four (74%) of the
participants reported no physwlan-dlagnosed
respiratory illness or condition.

Spirometry

Forty-five (98%) of the 46 participants performed
spirometry, and 12 (27%) of those had results that

fell below the normal range. These included seven

(20%) of the 35 current workers and five (50%) of
10 former workers. All four of the participants with
a positive chest x-ray had abnormal spirometry
results. All 12 of the participants with abnormal
spirometry exhibited an obstructive pattern. Eleven
(92%) of the 12 with abnormal patterns were ‘ever’
smokers: six were ex-smokers and five were current
smokers. Five of the 12 participants with an
abnormal pattern held their primary job in
Maintenance, three worked as Mill Helpers, and two

- reported Control Room Operator as a primary job.

The two remaining participants reported working as
a Lab Technician or in a supervisory position. The
median tenure of the 12 participants with abnormal
patierns was 10 years—no different from the median
tenure (10 years) of the 33 participants with normal
spirometry results. The median tenure in other dusty
jobs for those with abnormal patterns was 9 years,
which was different statistically (p=0.04, Wilcoxon
rank-sum) from participants with normal lung
ﬁmctlon(whosemedmnwnm'emoﬂlerdustyjobs
was one year).
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Company Records

Company records contained information on age,
tenme,qgarettenokmghlslnrywmkmodwrdusty
all 39 (100%) of the eligible current workers. 'All
eligible current workers were male. Race was
recorded for 17 (44%) of the 39 eligible current
workers. . Fifty-nine percent (10/17) of the current

workers were white and 41% (7/17) were African-

ﬁeﬁbmdsofhmaiwkmmh&mpleﬁ.
Of the 17 eligible former workers, records were
entirely missing for four partici Race was

moadedformlyoneofﬂnel?qligx’blefqma'
workers, and of the 13 former workers for whom

mformation on sex was available, 11-(85%) were
male. .

Age,tenme,clgareuesmolunglnblt,wmkmoﬁler

dusty jobs, and chest x-ray mformation was
cxammedbyanploymentstamsforbdﬁlpamemams
and non-participants (Table 6). - The four non-

participating current workers differed from the 35
participating current workers with regards to median

~ age and length of employment and the number of
individuals with a positive chest x-ray (defined as
small opacity profusion of 1/0 or greater) based ona
single B reading. Non-participating current workers

were slightly younger than the participants and had -

less than half their median tenure. Of the four non-
pamapanngqmentwakets,onehadaposmve
chﬁtx—ray(clamﬁed?ll),onehadachwtx-my
classified 0/1, and two were classified 0/0. Three

participants had positive chest x-rays (one was -

classified 172 with “A’ size large opacities, and two
- were classified 2/1 with ‘A’ and ‘B’ sized large
" opacities, respectively). Ofthe 32 remaining chest x-

rays, 9 were classified 0/1 and 23 were classified 0/0. -

The chest x-rays were classified by the same B
' mderbetvml990andl994

Nou—pamclpanng former workers differed from
participating former workers for cach characteristic
or variable examined. Non-participating former

wurkers were older and were employed for more

_ ‘than twice the median tenure of the former workers
.. who participated. Based on the 13 available ILO °
- classifications, none of the non-participating former

workers had a positive chest x-ray, while one °
pmnclpalmgformu'wkerhadaposmvechwtx- '
ray (classified 1/2 with ‘B’ size large opacities). Of

* the 12 remaining chest x-rays, three bad a small

opacity profusion classification of 0/1 and nine were
classified 0/0. These chest x-rays were classified -
between 1979 and 1993 by the same B reader who
classified all of the chest x-rays of the eligible
current workers. © T

USS. Silica Company has consistently used standard

. forms to collect medical and work history

information. Except for chest x-ray information, the
portions of the forms used from 1979 onward and
received by NIOSH were, for the most part, filled out

- by_the individual worker. The work history
- information found in these forms was often -
- incomplete. Personnel records provided by the

company were used in conjunction with these -

"stmdardforms,andolhers,bmemb!ewmk'

htstamandwpplementoﬁ:a'mlssmg information

. whenever possible.

Company Medlcal
Momtonng

g lehnemedmlmonnormghasbemwnductedat :

the Columbia plant since 1962. The - initial -

- monitoring was offered annually and included a

physical examination and a chest x-ray that was

. reviewed by a conmtract radiologist. Employee
- participation in the medical monitoring was optional -
* up until 1979, at which time the company adopted

- the 1977 National Industrial Sand Association

(NISA) occupational health program guidelines and
fed medical monitoring. Participation by

" hourly employees in the monitoring then became

mandatory. Medical monitoring consistent with
these guidelines (see Evaluation Criteria), including
achestx-ray, was conducted every two years. Office
and administrative employees were examined every
4 years. ‘Examinations were completed by a

Page 10



physician in Columbia, and all company chest x-rays
were sent to the same B reader for classification. A
company representative reported that beginning in
1990, chest x-rays with small opacity profusion
classification 170 or greater were sent for additional
readings to other B readers. An annual chest x-ray
- wasobtained ifa chest x-ray was classified 1/0 based
on a consensus of the additional readings. This was
_ ﬂlemedlcalmomtormgmplaceatthebmeofwr
survey in 1994. The medical records, except for
chest x-rays, were kept at U.S. Silica’s corporate
offices in locked files separate from personnel
records. Chest x-rays were kept by the B reader. No
medical records were maintained at the plant site. A
company representative reported that the company
medical director forwarded narrative reports of test
results in sealed envelopes to the plant manager, who
ensured that each employee signed a document
indicating receipt of his or her individual medical test
results. Employees with abnormal test results were
encouraged to see their personal physician or to call
_the company medical director todiscuss their results.

All 35 of the participating current workers and seven
out of 10 participating former workers reported
taking part in either pre-placement or routine medical
monitoring offered by the company. (The results for
one former wotker were not included based on the
questionnaire response). Forty-one of the 45
participants reported having had a chest x-ray as part
of a past company evaluation. Twenty-seven (77%)
of the 35 current workers and three former workers
were able to recall their company chest x-ray results.
Eight current workers, one of whom had a positive
company chest x-ray, either didn’t know or didn’t
recall their company chest x-ray results at the time of
our survey. Eight former workers reported having
hadareoentchwtx—ray but for other reasons.

Subsequent to the NIOSH survey, U.S. Silica
implemented NISA’s voluntary Silicosis Prevention
Program and its medical monitoring guidelines. The
monitoring consists of a medical and occupational
history, physical examination, chest x-ray, and
spirometry prior to job placement as baseline, and
every other year. Chest x-rays continue to be sent to,
and kept by, the same NIOSH-certified B reader who

has classified chest x-rays for the company since

. 1979. Since November 1994, U.S. Silica has utilized

the services of a mobile health testing company to
conduct its routine medical monitoring. Pre-
placement examinations continue to be conducted by
a physician in Columbia. Skin testing for
tuberculosis (TB) was not one of the screening tests
offered in 1994, either as part of the pre-placement
examination or the routine medical monitoring.
Currently, a TB skin test is obtained if an employee’s
chest x-ray is classified 10. Medical data from the
routine medical monitoring are kept by the mobile
health testing company in electronic form. Original
examination results, except for chest x-rays, continue
to be maintained at U.S. Silica’s corporate offices in
separate locked files with access limited to the
medical director, the vice president of administration
and his staff, and the legal department The
procedure for notifying individual employees of their
test results has remained the same as it was in 1993.

DISCUSSION

Four (9%) of the 46 current and former workers who
participated in the medical evaluation were found to
have changes on their chest x-ray consistent with
silicosis; two of the four had PMF. The prevalence
among currently working participants was 9% (3/35).
The four participants with a positive chest x-ray had
been employed for a median of 26 years and their
median age was 56. All four of the participants with
a positive chest x-ray were ex-smokers.

The availability of recent (1990-94) ILO
classifications for all 39 eligible current workers
from company records permits a comparison of the
estimated prevalence of chest x-ray-defined silicosis
with the results from the NIOSH medical survey.
The company-based l'eadlngs are not biased by
selective participation, since TLO classifications
were available for all 39 current workers. Based on
compary records and classification by a single B
reader, four (10%) of the 39 current workers had x-
ray evidence of silicosis (defined as small opacity
profusion 1/0 or greater). Although the company

Health Hazard Evaluation Repoit No. 93-0795-2783
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reportedly sent chest x-rays with small opacity

proﬁmonclass:ﬁeauonlloorgwterforaddmonal_
readings beginning in 1990, only one of these four

chestx-mys(allfonrdnstx—myswaedatedlm-
~1993) had more than one classification completed.

Attotal of three readings were completed for this one
chest x-ray, and the median classification remained
21/0. Thus, even when additional classifications

were taken into consideration, the number of efigible -

current workers with x-ray evidence of silicosis

remained the same (4). It is not known if any of the

35 remaining chest x-rays classified 0/0 or 0/1 would
have been reclassified as positive (140 or greater) had
they been sent for additional readings. Calsldem:g
just the 35 participating current workers in the
NIOSH survey, the prevalenoe of _silicosis in
company chest x-rays was 9% (3/35). The three
participating current workers identified in company
records as having a positive chest x-ray also had
_posm\reNIOSHchwtx-mys.

A population prevnlence estimate based on the
resulfs from a sample of volunteer participants may
result in an over-estimate if those who choose to

pamclpamarel&sbalﬂlyﬂmnﬂmsewhodonot
- participate. For eligible current workers, available
thtamageandeemdmﬁlatpamc:pantswere
older, had worked longer, and had more x-ray
evidence of silicosis than non-participants (see Table
6). - However, the lowest possible silicosis

prevalence estimate among all eligible current |
worketswouldbeB%GB!))nfallfmnofﬂtem

participants bad a negative chest x-ray. Thus it
appears that the NIOSH silicosis prevalence estimate
of 9% represents a reasonable estimate for eligible
current workers. The lower participation rate among
“eligible former workers (65%), and reliance on

eompany—pmvdedmfo:maumfomon—pamclpaung'
ﬁmnermkers,arepotennalsmmofblas.‘

Canbmedwnﬂlﬂleobvnlsdegmeofabnormalny
among those for whom company chest x-ray
information was available (of the five with small
opacities, three were classified major profusion
category “2,” and four had PMF), the higher median

ageandtemneunmgmu—pammpﬂmgfumer:'

workers, and the possibility of progression and

silicosis since the time the company chest x-rays

- 0f9% is probably an under-estimate of prevalence in -
.ihestndypopulaﬁonsawhole. : )

. The study population prevalence of x-ray-defined

sﬂmsmmmgﬂuﬁehgibleummtmdﬁxma
workers could, in theory, range from 9 - 20%

: dependmguponthenmnbaofcasesmmgnm—

participating former workers, the source of the

~information (company records or the NIOSH

evaluation), and the number of cases counted from

~ eachsource. Anexplanation ofhowtheseupperand
_ Iowerboumdmsmﬂ:eestunalnmobtamed '

follows.

Using company records, a total of five workers had
a positive chest x-ray: three currently working
participants, oné of the four non-participating current
workers, and one of the seven participating former
workers for whom records were available.
Assuming the four participating former workers with

.nomco:ﬂsandﬂ:esmnon—pmﬁctpahngformer
, workershad no

evidence of
silicosis, the lower boundary of the prevalence

" estimate would be 9% (5/56).

To determine the upper boundary of the prevalence
estimate, both sources of information were used to

'-eumtlhenmnbei-ofmw. Four cases out of 46
- parficipants wele identified during the NIOSH

evaluation and one additional case among the 10
non-participants (four current workers and six former

- workers) was identified from available company

records. Assuming the six non-participating former
workers had x-ray evidence of silicosis the highest

 estimate would be 20% (11/56).

Oewpanmmlmmmuﬂaldusthmbeen

obstructive pulmonary disease.®**® Published

 both cigarette smoking and cumulative dust
. exposure, and may be greater among dust-exposed
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workers who smoke ®+***¢ We found, as expected,
that abnormal patterns’ occurred more frequently
- among “ever” smokers, and those with longer tenure
~ in other dusty work. However, there was no clear
association between years of employment and lung
function. Symptoms appeared related to cigarette
smoking but not to length of employment at the plant
or at other dusty jobs. Among the 12 participants
shortness-of-breath, three had chronic_bronchitis,
cough. Pulmonary impairment can exist irrespective
of the presence or absence of abnormalities detected
on a chest x-ray®“*® Abnormal pulmonary
ﬁmchonﬁestmﬂtswm:denuﬂedmallfmn'
parhclpanrswrﬂnposmdmtx-ray s. '

Cmofmlmosxsmnotmeammgw&km
currently or formerly employed at facilities that

' produce ground silica; workers at these facilities are,
and have historically, been considered to be at high’

risk for silicosis. A NIOSH evaluation at a silica
‘mining and milling operation in 1979 found that 7
(27%) 0f 26 participating current and former workers
with one or more years exposure had chest x-ray

- changes consistent with silicosis.®™® Three cases

were identified among 15 current workers, and four
cases were identified among 11 former workess. The
participation rate among all current workers (i.c.,
including those with less than one year of exposure)
was 83% (25/30), and among former workers with
one year or more exposure the rate was 35% (11/31).

A similar evaluation at the same time at another
silica mining and milling operation found that
17 (44%) of 39 participating current and former
workers with one or more years exposure had chest
x-ray changes consistent with silicosis; three cases
were identified among 15 current workers and 14
cases were identified among 24 former workers.®™®
The participation rate among all current workers was
73% (30/41), and among former workers with one
year or more exposure the ratc was 47% (24/51).

In 1980, a NIOSH evaluation at a plant in New
Jersey found six (13%) radiographically-defined
cases of silicosis among 47 participating current and

former workers®  Five out of the six cases
identified during this evaluation were current

‘workers. The participation rate for all current

workers was 87% (26/30), and among former
workers with one year or more employment since
January 1, 1972, the rate was 70% (21/30).

These previous investigations utilized similar

procedures and the standard pneumoconiosis

classification of the ‘time, the 1971 ILO-U/C*®
More recently, Johnson and Busnardo “" described

a case of silicosis in a maintenance mechanic -

employed from 1976 - 1981 at a plant that
manufactures ground silica. By way of comparison,
a 1985 study involving the classification (ILO-U/C
1971) of chest x-rays of 1422 blue-collar workers not
exposed to dust or other respiratory hazards found

only three (0.21%) chest x-rays with a median small

opacity profusion of 1/0 or greater® This study
found only one chest x-ray with iregular small
opacity profusion of 1/0, and no chest x-rays with

mlmdedanallopacltypmﬁlstmofll()orgrwter
among over 700 males. :

In the present evaluation, the predominant shape of
small opacities on all four positive chest x-rays was
rounded, and all four workers were “ever” smokers.
Cigarette smoking alone would not explain the
observed chest x-ray abnormalities. There is no
evidence that smoking can cause small rounded
opacities®? Although some have suggested that

smoking may cause small irregular opacities, studies

of large groups of workers exposed to silica have
failed to show a significant effect of smoking on the
presence ‘of small imegular opacities classified
according to the ILO system. *®

MSHA’s current standard for respirable dust
containing crystalline silica came into effect July
1974. As reported in the MSHA environmental
study, MSHA has documented past episodes of non-
compliance with its respirable crystalline silica dust

standard at the Columbia plant. During the period
1988 to June 7, 1994, 15% (9/59) of persomal -

samples collected by MSHA inspectors in the mill
area or affected downstream operations were citable
under the MSHA standard for respirable crystalline

Health Hazard Evaiuation Report No. 93-0795-2783
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silica “? All four participants with apositive chestx-

ray began working at the Columbia plant between
three tonine years before MSHA’s current silica dust
standard came into effect in July 1974, and all four
were employed for 15 years or more. Three of the

four participants with a positive chest x-ray reported _ |

previous or subsequent work at other dusty jobs.
Only one of the three reported employment of a
" length (25 years) that may have made a major
contribution to signs of silicosis seen on his chest x-
ray, although the degree to which this participant’s
.other dust exposure contributed to the abnormalities

seenonh:sd:wtx—mywmotbedetammd. The

devel@mentofchwtx-myabnormalmalsknown

mberelaiedmbdhdmanmofacposmeandto-

intensity of exposure, together known as cumulative
exposure. A relationship between exposure to
increasing levels of crystalline silica dust and the
prevn]mceofch&stx—myevidenceofsﬂlcoﬁsls
accepted, although the precise . m]at:onshtp is
mlcnown.""-“’

Routine medical momtormg has been avallable to
employeesofﬂ:eCohunbmplantsnwe 1962 Itis
currently conducted every two years and includes all
of the screening tests recommended by NISA as well
as those recommended by NIOSH based on the 1981
recommendations for workers exposed to ground
silica. Chest x-rays are classified by a NIOSH-
ceruﬁedBmdetmdhavebemsmttothesame
reader since 1979. A company representative
reported that since 1990, chest x-rays classified 1/0
or greater have been sent for additional

classifications. However, inthe process of reviewing |

company records, it was noted that this practice was

not consistent; chest x-rays with ‘an initial -

classification of major category “2” were not sent for
additional readings. Moreover company chestx-rays

classified as negative (/0 and O/1) by a single B .
reader were not routinely sent for additional

readings. . The - incomsistency of chest x-my
classification among B readers is well

documented, 44" and use of a single reader has -

~ worker as well as groups of workers. For example,

"~ evaluation, an additional 17 participants would have

among all participants would have been 46% (21/46)

~ (see Tables 4and 5). Obtaining multiple readings on
- all chest x-rays is one way of minimizing reader

variability and reduces both “false positive’ (ic., a

" chest x-ray wrongly classified as positive) and “false

negative’ (ie, a chest x-ray wrongly classified as
negative)results. Obtaining multiple readings forthe -

- screening of chest x-rays for pneumoconiosis is
standard_ practice "for NIOSH studies and the
- federally ‘mandated Coal Workers® X-ray

Surveillance Program (CWXSP),® although NIOSH

- hasnot formally recommended multiple readings for -

ﬂ:emedmlmon@rmgufwkmexposedb"

. sﬂmﬂ 12,18.206)

'Iheﬁeqwncyofﬁlemedwalmounormgatthe

- Columbia plant differs from the frequency
"+ recommended by NIOSH for ground silica workers,
~ and screening for TB was not reported to be part of -
- the baseline examination or the periodic medical
- monitoring. . Pre-placement and annual medical
. examinations are recommended by NIOSH for all -
silica or materials containing ground silica®

CONCLUSIONS -

: l. Fan’(9%)ofﬂle46meypamc1pantshada '

chest x-ray consistent with silicosis. * Cases of

_ silicosis occurred among workers who were older
- and employed for a longer period of time. Available

- data on age and tenure for non-participating former -
~ workers, the degree of disease found in available -

compary records, and other factors, such as selection
bias, suggest that 9% may be an underestimate as

.' appliedmmesmdypop.ﬂaﬁmasmhole.

2. Itlsreasmablemconchldeﬂmtﬂleabnamalms '
seen on these chest x-rays are attributable to past

crystalline silica dust exposure at theColumbia plant,

| although time worked at other dusty jobs may have

contributed to the abnormalities observed in at least
one case. This conclusion is supported by MSHA

: Paga.ﬂ )
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documentation of priot episodes of non-compliance
with its respirable silica dust standard. There were
no cases of silicosis among cumrent and former
workers with 15 or less years of tenure; however,
because of the long latency usually associated with
chronic silicosis, this finding is not sufficient to
conclude that current crystalline silica dust exposure
leve!sarewrtlultadverseeﬁ'ect

3 The company medical monitoring prachoe of
obtaining additional B reader classifications only for

those chest x-rays initially classified 1/0 or greater
will produce an estimated prevalence no higher than,
and possibly lower than, that obtained with a single
reading. This practice fails to identify positive
chest x-rays among workers whose chest x-rays are
initialty read as 0/0 or 0/1. '

RECOMMENDATIONS

“The following recommendations are based on
findings of the medical evaluation conducted by
NIOSH at US. Silica’s Columbia plant, MSHA
regulations, and NIOSH policy. Recommendations
regarding primary prevention through engincering
controls have been provided by MSHA in a separate
report.

1. The medical examination and screening tests
should be available to all workers who work in
or downstream of the grinding mill prior to job
placement and annually thereafter.® However,
medical monitoring should not be used as a
substitute for environmental controls to reduce
worker exposure to crystalline silica.

2. Any employee with chest x-ray evidence of
silicosis or pneumoconiosis or those employees
with pulmonary function impairment and/or
symptoms of respiratory distress (for example,
shortness-of-breath), should be referred for a
more thorough ‘medical evaluation. The
evaluation should be conducted by a physician
qualified to advise the employee and the
company whether continued work-related

exposure to crystalline silica dust at the
Columbia plant would be associated with an
increased risk of impairment of respiratory
health.

. The current reported practice of obtaining

additional B reading only for those x-rays with

a positive first reading creates a negative bias in
the evaluation of workers for silicosis. This bias .

persists even if chest x-rays with a major

profusion category greater than 1 are not sent for

additional readings. To avoid this bias, ideally
all chest x-rays should be sent for a second B
reading regardless of the initial classification,
and for a third B reading if there is disagreement
between the first two readings.

. Skin testing for tuberculosis (TB) should be

conducted prior to job placement and annually
thereafter,('>"**"3 with appropriate follow-up
for definitive diagnosis and medical treatment,

as indicated. The association of TB with

silicosis and silica exposure is well-
known ®¥39 Skin testing procedures should be
in accordance with CDC guidelines.®**?

. Each employee should receive a written copy of

their medical examination results in full detail,
whether or not the results are abnormal, in
addition to a summary narrative. Results should
be provided directly to the employee by the
medical facility or contractor responsible for the
examination, and employees should have the
opportunity to review the results with a health
care professional at the time they receive them.

. Medical records should continue to be
- maintained separately from personnel records in

a confidential manner. The access to medical
records should be limited to health care
personnel, such as the medical director.

. All cases of silicosis should be reported to

MSHA by the company, and to the South
Carolina Department of Health &
Environmental Control by the examining
physician, health care provider, contractor,

Health Hazard Evaluation Report No. 93-0795-2783
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‘and/or radiologist, as required. MSHA requires
. -operators to report any miner with small opacity
Foﬁmonofllﬂorgtmrondnﬁx-my,ora
diagnosis of silicosis, or an award of
compensation. Silicosis is a reportable condition
in South Carolina ®* To enhance the uniformity
of reporting, NIOSH has developed reporting
guidelines and a surveillance case definition for
guidelines are recommended for surveillance of
work-related silicosis by state health departments
.and regulatory agencies receiving reports of cases
from physicians = and other health care

fprovndu's.("'m '
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TABLE2 , -
ShsdyPopdabonandPa‘bcpatmRateByEmployn'lentStams : '
US.Silica-Coumbia

| | ~ HETA 83-0795 o
Employment N | Toa# | Number | NumberEigble - | Participation
Status Eigble | - Eloble NonParticpants |  Rate (%)

| Current Worker |- 48 39 35 4 - %0
Former Worker | 42 17 11 65
‘TOTAL | % | 56 46 10 &




TABLE 3

Charactenshmof-lePamcpanlsbyErndoymentStams

U.S. Sifica - Columbia

Health Hazard Em!uallon Repoit No. 93-0795-2783

~ HETA93-0795
: EMPLOYMENT STATUS
o 35 CURRENT - " 11 FORMER TOTAL
\RACTERISTIC WORKERS WORKERS ~
(yrs) [median] 42 40 41
- Range (yrs) 25-59 27-66 25-66
. we(yrs) [median] 5 6 10 L
Range (yrs) 2.3 2-17 2-32 e
wette Smoking Status :| Number %® Pack-years | Number % Packyears | Number % Packyears |
e fmedian] [median] [median]
~ lever smoker 10 29% — 4 3B%H — 14  30% —
“ument smoker 10 20% 155 | 6 5% 235 | 16 35% 195
x-stnoker 15  43% 21 1 % — 6 3/% 2
k - Years (median), 20 23 205
r smokers
Smokers = Cumment smokers and ex-smokers combined.
reentages do not add to 100 due to rounding.
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TABLE 4
_ ChestX-rayReallsbyReaderforasPamupamgCtmmws
: U.S. Siica - Colurha

e e = 1

HETA 83-0795 - :
READER 1 ' READER 2 READER3 MEDAN
Profusion suefsm:e Zoneis)® | Protusion SeShape  Zone(s) | Profision StmShope Zone(s) Prokusion  Fam Cualty 4
o0 - " ‘ot 2358 .0 o0 1 '
o0 L] st 2356 00 oo 1
0o 00 ' © 0 oo 1
[ 10 st . 2356 o0 oo 1
oo 00 . 00 00 2
o0 00 ’ o0 o0 1
00 0. o 2358 | 00 o0 1
00 0o - C oo an - 2
m g 1245 1H, A 21,8 w148 12°* 1
R 11 st Al o0 oo 1
oo o0 ' 00 : oo 1
2n o 1245 2 o AN | @A m 1245 | 22 1-
o0 ' o0 . () | oo 1
21 oy A | ooan pg Al 1”7 @ A 21 1’
o0 " st 2358 oo : 1) 1.
oo oD o0 o0 1
o o0 o0 o0 1
)] 10 - st 2358 oo o 1
oo oo a0 oD 1
oo 1" st M a0 o0 1
oo a0 | oo 00 1
o0 o o0 oo 1

1. zmsmhumm mickfie, aﬂhlerm'les,nspednely'vd\ied &andswmpmdhluuwper mdtle.mdbuerzms

’Hl’lr;m

Poge2d -
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TABLE 4 (continued)
Chest X-ray Results by Reader for 35 Participating Cumment Workers
" 'U.S. Silica - Columbia

HETA 930795
"~ READER1 = READER 2 READER 3 MEDIAN
| don Ss'Shape  Zonels)' | Proksin SizelShaps  Zone(s) | Profsion SizeShape  Zonets) | Profusion  Fam Quaty
00 oo o0 1
o0 oo oo 1
" t A o ® 14 o 1
o0 o0 W) 3
10 ss 2356 (V] o0 1 d
10 ss 2356 oo o 1
o0 | 00 o 1
o0 oo o0 1
00 0o o 1
o oo o0 1 :
W) ) oo 1 ]
00 0D 00 1

7" nd'3 comespond o the right upper, middie, and lower zones, respectively; while 4, 5, and 6 comespond 10 the left upper, middie, and lower
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TABLE 5

thXmeilsbyReaderh'ﬂParﬁapahngFoanake:s
* U.S. Siica - Columbia,
S HEI'A93-0735 -

READER 2

READER 1 READER 3 MEDIAN

Profusion SieShepe Zonels)® | Profusion Size/Shape’ Zonefs) | Profision Size/Shape Zone(s) Prokmion  Fim Qually
00 W, . ss 2356 00 o a0 1
12B. o 12345 10,8 pp 1245 WB  m 14 n,8 1
oo o | o0 e oo 1
00 o0 oo ao A
a0 1" st A | w oo 1
o0 o0 _ oo a0 -1
o 1”2 s A 00 00 1
o .. 10 _ st 2356 | oo o0 1
o0 " o A | o o0 1
o0 10 st 2356 | oo o0 1
o0 00 o0 00 1
;é@:iwmmﬂbhr#tw uﬂde.mhlerzmes.mdruﬂe 5, and anspmdhlnmm mickdie, and kwer
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TABLE 6
Age, Length of Employment, Experience in Other Dusty Jobs, Cigarette Smoking,
and Small Opacity Profusion from Company Records
by Employment Status and Participation
U.S. Silica - Columbia
HETA 930795
CURRENT WORKERS FORMER WORKERS
Parficioard N Scoant Parficoarnt N s cioant
N=35 N=4 N=11 N=6
ors)  Imedian] a2 38 3 7
Range (yrs) 2559 3561 2766 3765
reyrs) [median] 16 7 6* 13
Range (yrs) - 232 324 317 221

= x ™ el
- - Number % Nomber % Number % Number % |
. 10paciy |
ssion > 10* : 3 9 1 25 1 9 0 -
fe B reading) .

';:.udsweremsmgfnﬂpamupamgm'erwum Nurbersq:ptyb?d11mkersixuﬂnnmmdswereava1able.

' sentages do not add to 100 due to rounding

ﬂanmedbyﬂelOdassmcahmdosednmmmeOSHmbyasmgleBreader
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in workers in ground sifica mills. MSHA selected the mill portions of nine ground sifica operations,
‘based on one or more of the following criteria: (1) one or more outstanding violations of MSHA's
respirable silica standard and a history of overexposure to respirable sifica; (2) size of the mills, both
targe and small, based on number of employees; (3) use of advanced control technology; and (4) a
representative number of ground silica mills from each Metal and Nonmetal Mine Safety and Heatth
District. Nine mills were chosen for the study rather than all sixteen because of the two year time frame
" (fiscal years 1993 - 1995) planned to complete the study. A kst of the sixteen mills is provided in
,AltadmentiaﬂalstofﬂemseledednﬂlssgvmnAﬂadmtz Noncompliance with
MSHAsmprablesiliwshmardsrdmtedonﬂ'eaUadrm '

7 In late 1991, when the selection was made, sxdﬂemennﬂlsmwbdedmm:lmber
one. U.S. Silica Company's Berkeley Mill and Columbia M, and the Nicks Siica Company Mill had no
outstanding respirable silica violations. The Berkeley Mill uses many advanced controls and is the -
largest mil. The Columbia Mil, a karge mill and Nicks Silica Company, a small milin MSHA's
Southeastern District, were selected using criteria number two and four. There are ground silica mills in
four of the six Metal and Nonmetal Mine Safety and Health Districts and each of these four Districts are
represented in the study. Three mills were selected from the South Central District and North Central

MMMMWMMWMNWM%MMN
Northeastemn District.

: Msmmmkmesimdstmnmssdemdgwﬂsiﬁ@nﬂé NlOSHwﬁesbrmteﬂle
~ prevalence of silicosis in active and former workers in the same 9 mills. At the completion of the study,
Msmmmampatmﬁﬁmgsdeammmammofﬂmﬂs :

' I. BACKGROUND

Gu:ﬂsﬁmpahd&smmmmmﬂmmmabbmaunmmmdaysmm
, sifica, a known cause of nonmalignant respiratory disease (silicosis) and possible cause of lung cancer.
A NIOSH feasibifity study of the adequacy of company records for a proposed NIOSH study of silicosis
was released in 1990. Examination of four industrial sand facilities’ B Reader reports found 27% of
wmkaswﬁwZOyemsmkmemetadMopad:&smxm‘ﬂekasibﬁWsﬁﬂymof

' lﬂtstxalsarldnlilsofwhd\gwﬂsﬂimwasaswset




APPENDIX I (con't)
. PROTOCOL OBJECTIVES & METHODS

mmmmmmmsmmnommmmmmummm
part of the project. .

1. NIOSH and MSHA will inform management and employee representatives about the project prior to
initiation.

(ajEMancemddos&anmeemgsthehddMﬂ:bcalmamgememwanuoye%
oremployeerepresentahvesateadlsite _

(b) AﬂuneMandfonneremploye&leIreoavemﬁaﬁmsﬁleOSHtopatupaten
the medical portion of the study. .

2 NI%HMIWWM“WW&MBMM&M
mills for evidence of siicosis. -

(@) Postenor-antenorradiog'aphswﬂlbelam randomly mixed, and independently
classified for pneumoconiosis according to the 1980 ILO system by two NIOSH certified B’
Readers. -If the two readings do not agree on small opacity profusion, a third reading will
be obtained and the median reading will be used to define an abnormality. A chest x-ray
showing opacities of profusion category > 1/0 in a ground sflica mill worker will be
categorized as consistent with silicosis. The B Readers will not be informed of any
exposure history and the fims will be masked of identifying information. The same three B
Readers will be used throughout the entire project. :
(b) Participants with a recent chest x-ray (within 1 year of the cumrent NIOSH survey) may
provide the chest x-ray to NIOSH to be read, rather than have a new chest x-ray taken
,-dmngmlsevaluahon

"(c) Al participants will receive written notification of their chest x-ray results. Persons
found to have abnomal chest x-rays will be encouraged to consulit their personal

physician.

3. NIOSHva'nadmnsteraqlmmanemd!eﬁqtsowmahonalhlstory demographcmfonnahon
respiratory symptoms, and smoking history.

4. NIOSmeouainperﬁtwemmadsmuby_ﬂiewrlpm.
(a) NIOSH will copy pertinent medical and personnel records.
(b) Review company medical records for diagnoses suggestive of silicosis.
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- APPENDIX I (con’t)
(c) Collect personnel records showing detafied work histories for current and former workers.

5. NIOSH wil evaluste the pulmonary funciion status of the participants through spirometry testing.
@ Mmmbmmmwmwm |
spirometry.

®) Nmmmmmdmmym Persons
fmrdtohavedxmmlreallswilbem:agedbmltﬂwpasuﬂphysuan

6. 'MSHAwﬂldeaelmexpoa:elevelsdemployeesatmeQMSEcanﬂs

 {a) Obtammdmnmerewdsofpastreswaﬂesﬂimdﬂsanip&gpaforn\edby
o MSHAmdtlegundsiﬁcamillopetators.

. —(b)Sanplealpbdasstﬁcahonsnhemiﬂpuﬁmofﬂeihembdedgunﬂﬁcamﬁs i

. A{c) Cite, mderMSHAregdabons wmmmbmaﬂesﬁmdstmnmnd
}_ "frunMSHAmpl&s ' o

7. MSHATedncdSmpoﬂwﬁevahabeﬂeeﬁechvamsddstwﬁubnﬂesdededmﬂs

(@ Observearﬂn'leaalemeperformameofdstoomols E’valuatemamteram
hwsekeepmgandwkpmd:c&smdhoa!nyeffectdxstwﬁd. )

-8 Msmmmmmmpmsamsmsﬁamms
“'(a) Evamatempn'atmypmgrarrstom"meiﬂeymeetﬂ\emmmeqlmd
ANSI| Z88.2-1969, Praciices For Respiratory Protection, as mandated by Title 30 CFR,
B Pan565005,whenrespualorsareteqwed annunreqnemedsa:eismdn
9. NlOSHandMSHAwiIIreportmllsofﬂ\eu-mveysasfdlm _'

(a) NIOSHrepuismﬂsumlanefnﬁngsofmedimlsmveys,ndudngﬂepevabmed
sﬁcosnsamo'gpamapamsoveran by mill, job, and tenure if feasible.

(b) MSHAwinssuerepamcurbu\gm\gsofNIOSHaruMSHAforeadmfmeg
, millsselechedaswellasaamnalyreport o

_ (c) Ead\agencywi!rewewandconmertmalrepoﬂspmrtolel&ase
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APPENDIX | (con't)

(d) Individual mill reports and summary report will be provided to the industry assodiations, -

national unions representing workers in the ground sifica industry, participating mil

LY

""" I -STUDY POPULATION

All current (estimated 332) and former workers (estimated number unknown) of the 9 mills o be

stcied wilbe Fvied o partipate. No further follow up will be made to efigible individuals who do not

participate.

ADDENDUM; FURTHER STUDIES OF TWO SOUTHERN ILLINOIS GROUND SILICA MILLS
' PREVIOUSLY STUDIEJ BY NIOSH IN 1979 {11-01982 AND 11-02051)

L BACKGROUND

| . In1979, MOSHwasmmestedhprwﬁeTedncﬁAssstamebMSHAatMgwﬂsiﬁwnﬂls”’

Through medical and environmental surveys, NIOSH determined that a significant heatth hazard

* existed at these mills due fo overexposure to respirable quartz. Forty-four percent of workers with

greater than a year experience in one mill were found to have x-ray evidence of silicosis. Twenty-
seven percent of the workers with similar work histories in the other mills were aiso found to have x-ray
evidence of silicosis. Of 65 curment and former workers with >1 yeare:q:os.tesmdiednmet\mmiﬂs
7 cases of progressive massive fibrosis were discovered by NIOSH.

In response to these findings, NIOSH in 1981 issued Current Intefligence Bufletin 36, “Silica Flour:
Sﬂ‘msus(CryslalﬁneSil’m)’ desc:‘bmgasngmﬁw:tmpuatoryhmdnsifmﬂmrmﬁlsﬁm
mprablequaﬂz.

I. OBJECTIVES AND METHODS
BB NIOSH will estimate the incidence of new cases of silicosis among workers at the two mills.

(a) ﬂnxmsofurrevﬁandbmerempby&sofﬂetwomﬂlswﬂlbemparedmm

ﬂmeprevuslytakennﬂ?gtodemfyawnewmofsmmssdevdopmgsmce
1979.

2. NlOSHmﬂmpamﬁemwdenwwﬁnwtesdsﬁmsisfmrﬂhﬂeﬂ?QTedeAssishmd .
. surveys of two southem Hiinois ground silica mills to the current éstimates of prevalence for those two
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APPENDIX | (con')
" (6) Methods 2(a)and () discusedinhe sty protocol.

() Reclassify the x-rays taken by NIOSH in 1979 at these two mills according fo the 1980
ILO classification system. (The fims taken in 1979 were dassified used the 1971 ILO
.. classification system). The B Readers will not be made aware when more than one fim
= - _onanindividal is to be classified. The fims will be randomly mixed and classified -
) ndependenﬂy ﬂlesaneheeBReaderswilbeusedﬂIwymmm;mject

3 NIOSHwﬁwdmteﬂednngensmumﬂymﬂsmﬂeWsmslymndn
1979 o ) ,

(a) Canpammniwhalmkersw?ssprunetymllsbﬁnseouamdnhssudy )

4. MOSme:evewﬂmemplenemabmdmwmnmdabmsnndenﬂetmmosHTedn&d
Assistance survey reports (HETA Nos. 79-103-108 and 79-104-107). The following recommendations
- were made: Wmmmmmmmmmmm
.- NIOSH REL; periodic environmental monitoring of sifica exposures by the operator; respiratory - .+ .
mmmmammmnmdmmm
silica dust not examined in the NIOSH study should undergo comprehensive medical examinations;
workers with radiographic evidence of silicosis should be given the opportunity to fransfertojobs. . .~ -
- without siica exposure; current workers with puimonary function impairment be evaluated by a qualified
- physician and advised whether to continue in a dusty trade; medical examinations should be performed

awwmmmmammmmmmmmmm R

oontamappmpnatehealthwanu‘ng&

(a) Review company industrial hygiene records.

(b} Review company respiratory protection program.
(c) Review employee medical and personnel records
{d) Revnewnoducthagiabel&
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APPENDIX I (con’t)

" ATTACHMENT 1

' GROUND SILICA MILLS - 1991

Berkeley Plant

. Columbia Plant

Nicks Silica Co. -

: TmyGtwePlarl

Plant (NC)

Plant/Mill (NC)

Glass Rock Quanmry (NC) -

Malvern Minerals

_ Sandstone (NC)
-AmermTrpol,m'

- Padific Plant

Mill Creek Plant (NC)
Unimin (Texas) 7

RENBR

12

N8

Nortt 1! Di I""I
4602805 . US.SiicaCo.
3800027 Spartan Minerals Co.
- 38-00138 US.SiicaCo.
38-00299 Unimin Corp. -
40-02937 Nicks Sitica Co.
Norti g’ tral Di l;l
11-01013 U.S. S#ica Co.
11-01580 . Unimin Corp.
11-01981 Unimin Specialty Min.
11-02051 Unimin Speciafty Min.
3301354 Ceniral Siiica Co.
3301355 Central Sfica Co. -
.,).. South Cent ID;IL'l
03-00299 Malvern Minerals
2300504 American Tripol, Inc.
2300544 'US.SficaCo.
3400377 U.S. Sifica Co.
. 4101058 Unimin (Texas) Corp.
NC - Noncompliance '
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ATTACHMENT 2

GWND SILICA WILLS - 1991

46-02805 - U.S. Siiica Co.
38-00138 U.S. Silica Co.
40-02937 Nicks Silica Co.
11-01981 " Unimin Specialty Min.
11-02051 Unimin Specialty Min.
-33-01354  Central Siica Co.
' South Central District

03-00299 © Malvern Minerals
2300504 ~ American Tripok, Inc.
3400377 " U.S.SiicaCo.

NC-NonoomPEanoe

Berkeley Plant

Columbia Plant
Nicks Stica Co.

Plant (NC)

Plant/Mill (NC)
Glass Rock Quarry (NC)

Malvern Minerals

Sandstone (NC)

American Tripoli, Inc.
(NC)

Mill Creek Plant (NC)

Employees
102

¥R

19

12
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APPENDIX | {con’t)
' ATTACHMENT3
Minimum Requirements of ANSI zas.z-mé

(1) mmmmammmmmmmm
use of the respirator. . ‘

2) mmmmmmmmmdmmmmmms
e:q:osedﬂlempuatormneMSPWNIOSHq)plwedfulhespedﬁcm

(3) ﬂemmamrmshalbensmmdaﬂtanednﬂamweofmspwatmsmdm
imtahons Ttemmharmslnlrdndehefolomg(asqﬂedfrmANSlZBB2—1%9)

a. Instnuction in the nature of the hazard, whether acute, d'm'uc,orbolh.mdacomplete

: .appralsalufwhatmyhmpenﬁﬂnmpramrunotused.

ln-mmdwmmmstmm.mmm

L mcogiﬁmﬂatevayreasmaﬂeeﬂortisbe&gmadebmdmaehinteﬁyeneedfw

c. Adsqsmofﬂnyﬂrssﬂ’epmpertypeofmpnatorfamepatmlarpupose

d. Adsa:ssmofhemprata‘sapabmwiﬁtabms

e. Irstuchmaﬂhangnachalmedﬂemaﬁw(espeuaﬂyamputubrawgmw

,_me)arﬂdoseaﬂﬁequemmvmbmmatlmbbep’npaiymed

-f. Claﬁmanaﬂﬁeumgtoreoogrmandcopewimemergemysmahms.
¥ Ouﬁrspeaalhanrmasneededforspeaaluse

Trammgshanpmvldetheemploymanoppauiytohandemempuator have itfitted -

properly, test its facepiece-to-face seal, wearinmm'lala:rforalomfamiﬁaritymnod.md

finally, to wear & in a test atmosphere.
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APPENDIX 1 {con't)
Fit testing

M@pimtaweammustbéﬁtﬁbdbefmemhgnegaﬁvemmpﬁatas.m&
Z88.2-1969 does not require fit testing of positive pressure respirators. Use a validated
ptdooqlfofﬁtimﬁng.

mmmmmmmmmmmmmmmm |
wearer. ﬂnsxsuaﬂyacwnpﬁshedbyreoudngheﬁthﬁmltsforea&marer along with
ﬂ\edahematﬂiewearerreoewedﬂempuator

Respuatorsshallbed&amdanddsmfeded. Respirators used routinely shall be inspected
during cleaning. Wom or deteriorated parts shall be teplaced to maintain MSHA/NIOSH
approval. ANSI states that cleaning and maintenance shall be done “as frequentty as

necessary to ensure proper protection is provided to the wearer.”

Enagaw—usempuatasmmtbeﬂuwgmympededatbastmpermmmmaﬁer
each use. Keep a record of the inspection dates and findings.

Respirators shall be stored in a convenient, clean and sanitary location. The respirators must
be stored in a manner that protects them against contamination, temperature extremes, and
other potentially damaging conditions.

Asingbiﬂividmlmusta&ninbterﬂempiatmymowdimnogmn.mbidvidudshaﬂ
regularly evaluate the effectiveness of the program. Monitoring will be conducted regularty to
ensure that the selected respirators continue to provide appropriate protection to the wearer.
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APPEqu'(eon't)
| ATI'ACHMENT4 _
PAR‘I'IZ(a)OBJECTIVESANDIIIEIHODs .

-mmmmmmmmwwmh
pNEUMOCONIOSis to the 1980 ILO system by three NIOSH certified B Readers. The median
reading will be used to report an abnommality. A chest x-ray showing opacities of profusion category >
1/ in a ground silica mill worker will be categorized as consistent with silicosis. The B Readers will not
be informed of any exposure history. ﬂeﬁrrlsurilbelrlaskedddemfytlgtlfanmn\emB '
: Readerswiﬂbetsedhwglmﬂ'leem'eplqect : X




APPENDIX 11 12

SURVEILLANCE GUIDELINES: SILICOSIS

These reports should include persons with

— a physidian’s provisional or working diagnasis o siicosis, OR

— a chest radiograph interpreted as consistent with silicosis, OR

~ pathologic findings consistent with silicosis
To set priorities for workplace investigations, State health departments and regulatory agencies should
mmm,mmmmmmmmmm
Surveillance Case Definition
- A. 1. History of occupational exposure to airbome sifica dust

AND
swé@estmdogaphwoﬂwrhagingtedmimniﬁemetedaswsistemm

OR
B. Pathologic findings characteristic of silicosis
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forinformationonOther
Gccupational Safety and Bealth Concerns

. CallNIOSHat |
1+800-35-NI0SH 3564611
~ orvistthe NIOSHBomepageat::
J, edc.aov/niosh/momepagehtm]

Ntional Isthute for

-1 Ocagational iy . Delivering on -the' Nation’s promise:
o H o Safety and health at work for all people

through research and prevention




