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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.

This report was prepared by Margaret S. Filios, SM, RN, of the Surveillance Branch, Division of Respiratory
Disease Studies (DRDS). Assistance was provided by Jean Cox-Ganser, Ph.D., Field Studies Branch; and
Ken Ream, DRDS. Analytical support was provided by Kathleen Fedan, BS, Field Studies Branch. Desktop
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Copies of this report have been sent to employee and management representatives at U.S. Silica Company;
General Teamsters and Allied Workers, Local 992; International Brotherhood of Teamsters, A.F.L.-C.1.O;
Mine Safety and Health Administration; West Virginia Bureau of Public Health; National Industrial Sand
Association; PACE Intemational; Glass, Molders, Pottery, Plastics & Allied Workers International; and the
Laborers® Health and Safety Fund of North America. This report is not copyrighted and may be freely
reproduced. Single copies 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:

NIOSH Publications Office
4676 Columbia Parkway
Cincinnati, Ohio 45226
800-356-4674

After this time, copies 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.

For the purpose of informing affected employees, copies of this report shall be
posted by the employer in a prominent place accessible to the employees for a
period of 30 calendar days.-
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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
‘active and retired miners at 1.S. Silica Company’s Berkeley Springs plant, in Berkeley Springs, West Virginia.

Current and former workers with one year or greater cumulative tenure since 1970 in the grinding area of the mill
or in arcas downstream (by material processing) of the grinding process represented the population of primary
iterest. On June 14-17, 1993, a medical evaluation of current workers was conducted. Former workers were
tested on June 18, 1993. The medical evaluation included a questionnaire, spirometry, and a single view posterior-
. anterior (PA) chest x-ray. Chest x-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 evaluation,
silicosis was defined on the basis of a chest x-ray with median small opacity profusion classification of category
1/0 or greater.

Fifty-four (89%) of 61 current workers and 13 (41%) of 32 former workers who met the study criterion participated
in the NIOSH medical evaluation. Of these 67, seven (10%) had a chest x-ray consistent with silicosis. The
highest median ILO profusion category was 2/2. Two of the seven had a chest x-ray consistent with progressive
massive fibrosis (PMF), with “B” size large opacities (based on the median of the three readings).

Nineteen (28%) of the 67 participants who performed spirometry had abnormal patterns; 13 (68%) of the 19

exhibited an obstructive Tung pattem, four (21%) exhibited a restrictive pattern, and two exhibited a combined

restrictive and obstructive pattern. An abnormal spirometry pattern was present in four of the seven participants
with a positive chest x-ray.

U.S. Silica’s medical monitoring includes all of the screening tests recommended by the National Industrial Sand
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 14 or greater by a single reader for additional
classifications.’ Ofmemmnymomdsweme&mpanych&xomysmmallychmﬁedasmmve(wo
and (/1) were not routinely sent for additional readings.
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Seven (10%) of the 67 survey participants who met the study criterion were found to have chest x-ray findi
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 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 levels are without adverse effect.

The company medical monitoring practice of obtaining additional B reader classifications of those chest x-
initially classified 1/0 or greater may produce an estimated prevalence no higher than and possibly lower than
obtained with a single reading, and those workers with a positive chest x-ray whose chest x-rays are initially
as 0/0 or O/1 willnotbe identified.

Rmma@mmm@m%mt@mhﬂeo@mngﬂl&ﬂﬁomdmgsofaﬂcheax
regardless of the initial small opacity profusion classification, increasing the frequency of medical m i
examinations, and modification of the baseline and routine examinations.to include skin testing for tuberculosis

).

Keywords: SIC 1446 (Industrial Sand), Silica, Silicosis, Mineral procéssing, Ground Silica, Silica flour
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In July 1991, the National Institute for Occupational
Safety and Health (NIOSH) received a request for
Administration (MSHA) to estimate the prevalence
of silicosis among active and retired miners at U.S.
Silica Company’s Berkeley Springs plant, in
Berkeley Springs, West Virginia. The medical
evaluation was part of a joint project between
MSHA and NIOSH to study silica exposures and the
prevalence of silicosis 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. Sifica
Company’s Berkeley Springs facility.

On June 14, 1993, an opening meeting was held with
company, union, and miners’ representatives to
discuss the ensuing evaluation. The medical
evaluation of current workers began that aftemoon
and continued through June 17, 1993. Former
workers were tested on June 18, 1993. A second site
visit was made October 19 - 20, 1993, to collect
additional work history information from
participants. All study participants received written
notification of their spirometry results in July, 1993.
All chest x-rays were promptly reviewed by a
pulmonary physician for evidence of acute health
problems upon return to NIOSH and prior to the
classification process. ANl study participants
received written notification of their chest x-ray
results ig June, 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 Berkeley Springs
facility. In March of 1995, following negotiations

and legal proceedings, a settlement was reached
concemning NIOSH access to company medical and
personnel records. U.S. Silica agreed to extract,
copy, and provide the records of former Berkeley
Springs workers whom the company determined had
met the NIOSH criterion for entry into the study
population (i.e, 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). U.S. Silica also agreed to extract,
copy, and provide certain company medical and
personnel records of cumrent Berkeley Springs
workers who signed an authorization form. The
production of records for all three U.S. Silica sites
began in July, 1995 and was completed in
November, 1996.

US. Silica Company, formerly known as
Pennsylvania Glass Sand Corporation, has operated
a facility at Berkeley Springs since 1904 and began
producing ground silica products in 1911. The
present processing plant was constructed in 1929-30,
with modemization of silica-grinding equipment and
increases in capacity occurring in 1946-47, and again
in the 1960's and 70's. The General Teamsters and
Allied Workers, Local 992, has represented
employees at this plant since the early 1950's.

At the Berkeley Springs plant, sandstone is surface-
mined and brought to the plant for processing where
it is crushed, dried, screened, and milled. Some
products are further classified to produce ground
silica products ranging in particle size from 5 to 40
microns. The ground silica products that are
produced are then bagged in either 50-pound or
2000-pound bulk bags or bulk-loaded into railroad
cars or trucks. At the time of our survey in 1993, the
plant operated production processes 24 hours a day,
5 daysa week, with three 8-hour shifts. Maintenance
occurred weekly on Mondays during the first
(daylight) shift. No milling or grinding took place
while maintenance activities were performed. A
total of 116 employees (including clerical and

- Health HazadEvahm Report No. 91-0375



salaried) worked in the quarry and at the processing
plant.” The departments that were part of the
Betkeley Springs operation were: Mining, Wet
Process, Dry Process, Milling, and Maintenance.”
The main job categories affected by the grinding
process were: Miller, Mill Assistant or Helper (duties

include clean-up), Bagging or Packaging worker

(Bagger, Ground Packer, Utility, or Loader), Mill
Tester, Maintenance (e.g,mechanics and
electricians), and Supervisory personnel (eg.,
working foreman or general supervisor).

 Study Objective

The primary objective of the study was to estimate
“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
mwmedbyhckofﬂlllpmmlpanmmﬂle

Company medical monitoring pmgmms and
practices were also examined and evaluated as
factmsﬂlataﬂ'ectsillcos:splwalemeandcmm'bute

towards its preventlon_ ,
Study Population

" The study’ population was defined as all current
workers and living former workers who had one year

orgwamrcmnulanvehmuresmoelWOmﬂle"-

grinding area of the mill or in areas downstream of

_silica production and maintenance workers and a

roster of former workers from 1970 employed for
one year or more. The tmion provided a roster of all
current workers and a roster of former (inactive)
workers dating back to January 1991, when the

. Berkeley plant became "a_partofme'rmm

Health and Welfare program. Using the umion
rosters, we mailed letters to workers inviting them to
participate in the medical evaluation. Additionally,
advertisements were placed in local newspapers to
local area or otherwise may have failed to receive a
letter. To avoid inadvertent oversight of an eligible
worker with prior experience in the grinding area or
areas downstream of the grinding process, 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 discussions with company representatives,
company records, the medical evaluation, and
MSHA,andadcﬁhomlmﬁ)rmanonlmmdedbythe

_ union. For former workers who chose to participate,

eligibility was determined using information from

information regarding eligibility when no records

- were provided (ie, comespondence), and any

additional information provided by the union. We
relied chiefly on the company to initially identify
eligible non-participating current and former workers

and provide their records, which we reviewed.

 Data Collection
Posterior-Anterior Chest X-Ray

. Chest x-rays were taken on a full size (14 x 17 inch)

- film. All chest x-rays were read independently by
~ three B readers who, without knowledge of the

smoking history, or any identifying information,
classified the films according to the 1980 ILO
International Classification of Radiographs of
Pneumoconioses® A B reader is a physician who
has demonstrated the ability to classify chest x-rays
fm‘ﬂteptmnocmmses(dustdmssofﬂlehmg)

Page 2
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using the ILO Classification System by passing a
certification examination administered by NIOSH.
The NIOSH-certified B readers used in this project
. bad each classified at least 500 chest x-rays for the
4th round of the NIOSH Coal Workers’ X-Ray
- a pilot study which entailed a reading trial of over
' Mﬁlmsofmﬁuacnemmmmp'epamnonfora
current exposure-tesponse study using National
Study for Coal Workers” Pneumoconiosis films.
After determining that NIOSH B reader certification

was not due to 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(sleelmmeter)aud
large(>lcent|meter)“’

The profusion (i.e., number) of small opacities are
recorded using a graduated 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, ﬂ1etwohsted
numbers are identical 9

Thus, the small opaclty profusion scaleisas follows:

Size and shape of the small opacities are also
classified, both being differentiated using the letters
of the alphabet. Two letiers are used to record size

[in millimeters (mm)] and shape, the first listed letter -

indicating the predominant type.(?

Classification of Small Opacity Type

To record the distribution of the small opacities, the
lungs are divided into six zones—three on the left and
three on the right, for the upper, middle, and lower
portions of the lungs ?

Three categories are used to define large opacities
according to size [measured in centimeters (cm)}: A,
B, and C.1" 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 lung zone;
Category C is one or more opacities whose combined
area is greater than the equivalent area of the right
upper lung zone 02

The technical quality of the chest x-ray (or film
quality) is graded and recorded using four scores, 1,
2,3, 0r 4. 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 2 :

E Spirbmetry

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 values were corrected
to BTPS (body temperature, ambient pressure,
saturated with water vapor). The largest forced vital

capacity (FVC) and forced expiratory volume in one

Health Hazan! Evaluation Report No. 91-0375
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mﬁ&(FEV.)wmthepammewtsseleaedfor
analysis, regardless of the curves on which they

occured. Tﬁhngproeedtmemﬁxmedmﬂle _

American Thoracic Society’s recommendations for
spirometry.® Predicted values were calculated using
the Knudson reference equations ¢ Predicted values
for African-Americans were determined by

mulhplymgﬁlevahwpwdldedbyﬂ:exnudsm
equation by 0.85°

_ Questionnaire
Amodified version of the Medical Research Council
(MRC) questionnaire® on respiratory symptoms,
supplemented with questions concerning
demographic information, work history, eigarette

_smoking habits, physician-diagnosed respiratory
illness, frequency and content of company medical

evaluations, and participant’s knowledge of priortest

mﬂis,wasadmm:swredbytramedNIOSH
permnnel.

Metﬁcal and Personne! RecOrds

Encheompanywasaskedtopmvlde medml and
personnel records of current and former employees
who had worked at least one year since 1970.

Three types of company-held documents were
identified from which the presence or absence of
silicosis was ascertained — [LO classifications,
clinical radiology reports (a chest x-ray report by a

radiologist), and miscellaneous documents (e.g.,CT

scan results, “letters from physicians, etc.).. The
following case definitions “for silicosis were
mbhslwdforead)typeofdomnent:

1.  An [ILO small opacity pmﬁmon
lamﬁcanmof!l()orgluteronlhemost
leomtdustx-my

-2 Acluucnlmdlologylepmtwhlchomtamed
explicit words or phrases indicating the

presence of - silicosis (e.g., “suhcosns or
dmphons' :

. “pneumoconiosis”), or ‘other

| ??EVA"':ATIONCRITERIA

considered consistent with silicosis (see
“Rmﬂts”seetion).j
3. Aphysmandiagnosnsofsuhcoms,ora

diagnosis of pneumoconiosis if silicosis was -
oonsndetedmﬂ:ed:ﬁ'ereﬂhaldmgnosls. '

'lhecasedeﬁuhonusedmﬂ:emalys:sdepaxleddn
the type of records obtained from the company. ILO

+ classifications -were - considered ideal and the
prefeneddoummttypefbrdeﬁnmm,followedby
- clinical radiology reports, and finally miscellaneous -

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

- clinical radiology reports and miscellanecus

documents, case definiion 2 was used. Case

deﬁnmm3wasmedwhmmlymlsceﬂaxmns_
.documentswereavmlable .

Med' cal Momtonng

'lhel98]NIOSHrecmnmmdaﬂonsformedical
monitoring of workers exposed o ground silica

* (silica flour).™ and the recommendations published
- by the National Industrial Sand Association (NISA)
forworkers exposed to crystalline silica®Ywereused .
_ sﬂ:ebasustoevalmteoompanymedicalmonnomg -

Chest X- Ray

Achestx—mywasdeﬁnedasconsxsﬁmtwﬂhsihcoss
if the median, or middle, classification of small

opacity profusion by the three B readers was 10 or
* greater. For cases where only one 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

Health Hazard Evalustion Report No. 91-0375.
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determine the median, and the results: were
procedure was followed so as not to 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
patierns of obstruction and restriction, each
examined worker’s test results were compared to the
95th percentile lower limit of normal (I.LN) 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,
wh11e95%mllhavepted1cwdvaluesahoveﬂ\e
fower limit.

Usmgﬂusoommmobsmlcuveandmmve
patterns were defined as:

Obstruction: Observed ratio afFEV,/FV(,% below
the LLN. '
Restriction: Observed FYC belowthe LLN., ;

Questionnaire

The following definitions were established for the

purpose of questionnaire analysis:

Chronic Cough a cough on most days for
as much as 3 months
during the year.

Chronic Phlegm the production of phlegm
on most days for as much
as 3 months during the
year. :

shortness-of-breath
walking with individuals
of similar age on level
ground.

cough and phlegm on
most days for as much as
3 months for 2 or more
years. - '

Dyspnea
Chronic Bronchitis

Medical Monitoring

The 1981 NIOSH recommendations for medical

examinations of ground silica workers include a
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
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
than 8 years since first exposure® The current
guidelines also recommend muitiple readings of all
chest x-rays with a small opacity profusion
classification of 140 or greater and 5-10% of those
chest x-rays classified as 0/1 based on a single B
reading. ®

Health Hazard Evaluation Report No. 91-0375

Page5



SIIICOSIS

Sﬂwosns,aﬁmmofpnwmoom:osxs, is a chronic
fibrotic pulmonary disease caused by the inhalation,
deposition, and retention of dust containing
-~ crystallive silica™ Silicosis is usually diagnosed
through chest x-ray and occupational history of
exposure fo silica-containing dust. In nodular
" silicosis, hung tissue reacts to the presence of
crystalline silica dust by forming nodules, which on
‘chest x-ray typically appear discrete, round, and
more prominent in the upper zones, although other
patterns have been described @1V ABMY)  guch

dicosi _ ,

In acute silicosis, the hng is overwhelmed by

- crystalline silica particles, and a protemaceous fluid

accumulates in the hings as a reaction to the silica
dust®%™  On chest x-ray, the appearance is
different from that of nodular silicosis, with very
litle of the typical nodular scarring ™%
Consequently, ltmayoﬁmbemls-dlagnosedas
pulmonaryedunaorpnemnoma. '

Thefollowmgtabiemmﬂneclmmlformsof
silicosis:

5-10 years
weeks-4 or 5 years

ACUTE

Each ﬁnrm is differentiated by time to onset of
clinically apparent disease after initial exposure
(mducuunpmod),mwnsnyofexpo&ne,andﬂ:emte
at which the disease progresses™®2® The
percentage of crystalline silica in the dust, size of the
dustpa:ucle,furmofctystallmesilim,'andlengﬂlof
exposure - also affect disease omset .and
progrmm‘"’""Gmmdmhca(sdmﬂan-)omsnsts
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 to be
"deposited in the alveoli. Freshly ground, or
frachured, crystalline silica — which is a typical form

of silica in ground silica facilities — may be more

tmcorﬁbrogmnc(i.e,pmdmemommgofﬂle
hungs), than aged sﬂmm"”’

-Aeotmlmmnsﬂmghtbasthetweenthednmic
and accelerated forms of podular silicosis. Factors
determining the progression of disease are unclear ™
Chronic silicosis (the presence of detectable, |

discrete, nodules <lcm in diameter on chest x-ray) is

“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 pulmonary function.

Accelerated silicosis s associated with higher
exposures to crystalline silica and has a shorter
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 ™" Respiratory

mpmmaﬁssevuewxﬂlaumes:lms.mﬂﬂle
disease is usually fatal within a year of
dxagnosns."’-‘” _

':Bothdlmmcandacoeleratedsihcosmmbemme

complicated by the development of infection and/or

 progressive massive fibrosis (PMF). Infections(e.g.,

tuberculosis and/or fimgal infections) are believed to
result from the inability of the overwhelmed lung

scavenger cells (macrophages) to kill the organisms

“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 struchwe and function of the
hungs 0ov2®

Paﬁﬁ_

Health Hazard Evaluation Report No. 91-0375

o




Recently, the International Agency for Research on
Cancer (IARC) reclassified crystalline silica (quartz
or cristobalite) from :occupational sources as a
substance “circinogenic to humans,” . and evidence
increased risk for hung cancer.®*® NIOSH currently
recommends that crystalline silica be considered a
potential occupational carcinogen.®™? _

The Sti:dy Populationand
Participaﬁon

Table 1 outlines the number of current and former
number of workers excluded (and the reasons), and
the total number of workers that remained to make
up the study population. Of a reported 116 cument
‘employees, a total of thirty-six 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 clearly
determined by NIOSH for two participating current

workers for whom records were provided. The

status of 17 current workers was unknown. It is
possible these 17 employees were salaried or clerical
personnef, since some salaried workers were
accounted for on company rosters. A total of 61
current workers were eligible for mclusnon in the

study population.

Out of 147 former workers identified, 107 were
determined to be ineligible, and the records for one
worker were missing.  Eligibility could not be
determined by NIOSH for three non-participating
former workers whose names appeared on the union
roster but did not appear on the company roster.
Finally, four deceased former workers were
excluded. A total of32 fonnerwuketswereehgible
for inclusion in the stidy population. =

Of'the 61 current workers eligible for inclusion in the
study population, 54 (89 %) participated in the

medical survey. Of the 32 eligible former workers,
13 (41 %) participated. Thus, of 93 eligible workers,
67 (72%) participated (Table 2).

Medical Evaluation ..

The following discussion of results concems the 67
participants who met the study criterion. All data
wereoollectadbyNIOSI—l.

Demographics

All 67 participants were white males. Age, tenure,
and cigarette smoking status of the participants are
presented in Table 3. Current and former workers
differed for each characteristic presented. Former
workers were older and employed six years longer
than current workers. One (8%) of the 13 former
workers was employed for 10 years or less, four (31
%) were employed between 11 and 20 years, and
cight (62%) werc employed for over 20 years.
Current workers were employed for amedian of 19.5
years; five (9%) of the 54 current workers were
employed for 10 years or less, 23 (43%) were
employed between 11 and 20 years, and 26 (48%),
were employed for over 20 years. A greater
proportion of former workers were ex-smokers
(69%), and former workers had a higher median
number of packyears (one pack-year is equal to
smoking an average of one pack of cigarettes per day
for a year) than current workers. None of the former
workers were current cigarette smokers, versus 22
(41%) of the 54 current workers. An average (mean)
of six years had passed since former workers had left
employment, and former workers had left the
Berkeley Springs plant between one and 18 years
prior to the time the NIOSH evaluation was
conducted.

Primary Job and Dustiest Job

Ovenill, 24 (36%) of the 67 participants reported
holding their primary job (the job held for the longest
period of time) in Maintenance and 14 (21%)
reported working as a Bagger or Packer, nine of
whom held that job in the Milling department. Nine
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- (13%) of the participants reported a primary job asa
Mill Operator (eight of whom worked in Milling),
five (7%) reported working as a Mill Tester, three
(4%) worked in clean-up, and three (4%) worked in
supervlsmy positions. . The mnine remaining
tq)omdholdmgapmmrypbmthc
quarry, wet processing, or dry processing
departments. Sixteen (30%) of the 54 current
workers reported their primary job as Maintenance,
while eight (62%) of the 13 former workers reported
this as their primary job.
Working as a Bagger or Packer in the Milling
by cumrent workers as the single dustiest job at the
plant. Former workers reported working in
Maintenance - with the greatest frequency.
Maintenance and maintenance activities such as
repairing dust collectors and overhauling the
separators followed in frequency for current workers.

 Other Dusty Jobs

A total of 38 (57%) of the 67 participants reported
prior or subsequent employment in occupations or
been associated with exposure to fibrogenic dusts.
These included 30 (56%) of the 54 current workers
and eight (62%5) of the 13 former workers. When the
information was examined by employment status
and reported tenure in such jobs, 13 (43 %) of the 30
current workers and 4 (50%) of the eight former
workers reported such employment for less than five
years. Nine (30%) of the 30 current workers and two
(25%) of the eight former workers reported working
at such jobs for over 10 years. The type of work
_ reported included construction, welding, road work,
working in a quarry, and farming, among others.

Chest X-Ray Results -

Al Participants

Ovémll, seven (10 %) of the 67 participants had a
chest x-ray consistent with silicosis; of these, five

(7%) had primarily round small opacities, one had
primarily imegular small opacities, and one had
“mixed” small opacities. The highest ILO small

was 2/2. Two of the seven had a chest x-ray
consistent with PMF, with “B” size large opacities. -

All but one of the chest x-rays were taken by

'NIOSH. Sixty-three (94%) had a median film

quality score of 1 (the highest) and two had amedian
quality score of 2. Two other chest x-rays required
an additional classification (one reader marked these
films “UR,” or “unreadable™) and the results were
used o determine the median small ‘opacity

The predominant shape of the small opacities was
examined in relation to cigarette smoking status for
the seven participants with x-ray evidence of
silicosis. Five of the seven were “ever” smokers and
two had never smoked. The chest x-rays of three of
were predominantly rounded, one chest x-ray had
predominant shape of small opacities on the chest x-
rays of the two “never” smokers was round.

Of the seven participants with a positive chest x-ray,
three reported holding a primary job (the job held for
the longest period of time) as a Miller, one reported
a primary job as a Bagger/Packer, one was a Mill
Tester, one held a supervisory position, and the last
worked in Maintenance. Two of the three Millers
worked in the Milling department and one worked in
Wet Processing. - The pattern of primary jobs for
ﬂnsemﬁaposnﬂveebwtx—myasdlﬁ'a’entﬁomﬂnt
of the distribution of - primary jobs among
participants overall. Three of the seven participants
with a positive chest x-ray reported working at

another dusty job. Orne worked for less than 3 years,

the second worked between 5 and 10 years, and the
third over 20 years. .

Cuwrrent Workers

"Table 4 lists the chest x-tay results by reader for all

54c1mmﬂyworkmgparhcqmﬂs. The prevalence
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of silicosis among currently working participants was
6% (3/54). None of the 11 participants employed 15
years or less had a positive chest x-ray, while three
(7%) of the 43 participants employed over 15 years
had a positive chest x-ray. All three were employed
for over 20 years and all were between 50 and 59

years of age.
Former Workers

Table 5 lists the chest x-ray results by reader for the
13 participating former workers. Four (31%) former
workers had x-ray evidence of silicosis. Neither of
the two participants employed 15 years or lesshada
positive chest x-ray. All four of the former workers
with a positive chest x-ray were employed over 15
years and three were employed for over 20 years.
One of these four participants was between 50 and
S9yearsofageandﬂ|reewereover60yearsold.

Chmmc Symptoms

, Atotalof16(24%)ofthe67 participants reported a
chronic symptom or health effect, as defined in the
“Evaluation Criteria” section of this report. This
- included eight (15%) of the 54 current workers and

-eight (62%) of the 13 former workers. Chronic
bronchitis was reported by six (9%) of these 67
participants, five of whom wete former workers, and
10 (15%) of the 67 reported dyspnea (shortness-of-
breath), seven of whom were current workers. Two

of the 10 participants who reported dyspnea also
" reported a condition, or conditions, that could
contribute to or cause dyspnea. Four of the 67
participants reported chronic phlegm, and two
reported chronic cough. Thirteen (81%) of the 16
participants who reported a symptom were “ever”
smokers. Five of the seven participants with a
positive chest x-ray reported symptoms, four of
whom reported chronic bronchitis. The most
frequently reported primary jobs held by
symptomatic participants were Maintenance and
Bagger or Packer, and theit median tenure at
Berkeley Springs was 22 years. The median tenure
of the 51 asymptomatic participants was 19 years,
but the difference in tenure between symptomatic
and asymptomatic participants was not statistically

significant (p=0.53, Wilcoxon rank-sum).
Symptomatic participants had a shorter median
tenure in other dusty jobs (4 months) than
asymptomatic participants (2 years), but this
difference was not statistically significant (p=0.48,
Wilcoxon rank-sum) either.

Respiratory Ilinesses and
Conditions

Physician-diagnosed asthma was reported once,
chronic bronchitis was reported by three participants,
and emphysema was reported by four participants.
Other reported physnclan-dmgtmdllmgoondmons
included were pneumonia and silicosis, among
others. A few participants reported unspecified
changes on their chest x-ray (e.g, "spots on the
lungs”). None of the participants reported a
physician diagnosis of tuberculosis (TB). Fiftytwo -
(78%) of the participants reported no physician-
diagnosed respiratory illness or condition.

Spirometry

All (100%) of the 67 participants performed
spirometry, and 19 (28%) of those had results that
fell below the normal range. These included 13
(24%) of the 54 current workers and six (46%) of the
13 former workers. Four of the seven participants
with a positive chest x-ray had abnormal spirometry
results, one of whom had PMF. Overall, 13 (19%)
of the 67 participants exhibited an obstructive lung
pattern, four (6%) exhibited a restrictive pattern, and
two had a combined obstructive and restrictive
pattern. Of the 19 participants with abnormal
spirometry, 18 (95%) were ‘ever’ smokers:10 were
current cigarette smokers and eight were ex-
smokers; and only one had never smoked cigarettes.
Table 6 shows pulmonary function status stratified

. by cigarette smoking and years of employment. Six '
.of the 19 participants with an abnormal pattern held

their primary job in Maintenance, two worked as a
Bagger in the Milling department, and three worked
as a Bagger in Dry Processing. Two of the 19 held
a primary job as Mill Testers, and two were Millers
in the Milling department. The four remaining
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parﬁciiwanisrwortedworkingaDryerOpemtor,
Crane Operator, Clean-up (in the Mill), and in a
.- median tenure of the 19 participants with abnormal

different from the median tenure (19.5 years) of the -

48 participants with normal spirometry results
(r—028, Wilcoxon rank sum). The median tenure
in other dusty jobs for those with abnormal patterns
those with normal patterns (1.5 years).

When the information for current workers was
examined by employment status, nine (17%4) of the
54 exhibited an obstructive pattemn, three (6%)
exhibited a restrictive pattern, and one had a
combined restrictive and obstmctwe pattern.
Similarly, four (31%) of the 13 former workers
exhibited an_obstmctwe pattern, one exhibited a
restrictive spirometry pattern, and onc had a
combined patten. The 13 current workers with
abnormal patterns had a median terrure of 22 years,
and their median tenure in other dusty jobs was two
years. The median tenure of the 41 current workers
with normal lung function was 19 years, and their
median tentre in other dusty jobs was one year. The

difference in median tenure was not statistically

significant (p=0.83, Wilcoxon rank sum), nor was
there a statistical difference in median dusty job
patterns had a median tenure of 35 years, and their
median tenure in other dusty jobs was zero. The
median tenure of the seven former workers with
normal leng fimction was 21 years, and their median

tenure in other dusty jobs was six years. Only the
mnmemoﬂlerdustyjobswasslansumllydlﬂ‘elmt '

(p=00] ‘Wilcoxon rank sum).
_Company Records

tenure, cigarette smoking history, work inotherdusty
jobs, and small opacity profusion classification for
all 61 (100%) of the eligible current workers.. All -

‘Race’ was

eligible current workers were male.

recadedthrSO(&Z%)ofthe(Sl ehgibleament
workers; all were white.

'lhereoo:dsofformermkﬁsmlesscomplem.
The table below summarizes the - proportion of
information available from the records of eligible
former workers for each of the variables listed.

Eligible Former Workers N =32

TR

91%

_and sex were available, all (9/9) were white and all

(29/29) were male.

Age,wumt,clgatmsnokmghabn,mkmahw

dusty jobs, and chest x-ray information was
examined by employment status for both participants -
and non-participants (Table 7). The seven non-

participating current workers differed little from their
participating counterparts with regards tomedian age
and tenure. The non-participants differed stighth .a

.. terms of the proportion of workers with an indicaticn
- of work in another dusty job, or jobs, the proportion

of cumrent and ex-cigarette smokers (ie., “ever”
smokers), and the mumber of individuals with a

_ positive chest x-ray (defined as small opacity
" profusion of 1/0 or greater) based on a single B
reading. None of the seven non-participating current

workers had a positive chest x-ray (two were
classified 0/1 and five were classified 0/0), while

- four participants had positive chest x-rays (two were
classified 1/0, one was classified 1/1, and one was
" classified 2/1 with ‘B’ size large opacities). Of the

- 50 remaining chest x-rays, 10 were classified 0/1, -

I
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and 40 were classified 0/0. The chest x-rays were
classified by the same B reader between 1989 and
1993. '

Except for cigarette smoking and the number of
individuals with a positive chest x-ray, non-
"~ participating former workers differed little from
participating former workers. Non-participating
former workers had a slightly higher proportion of
current smokers than former workers who chose to
participate (37% versus 23%), while a larger
proportion of participating former workers (23%)
had pever smoked cigarettes. Based on available
ILO classifications, five of the non-participating
former workers had a positive chest x-ray versus two
participating former workers. Two chest x-rays had
a small opacity profusion classification of 1/0, two
were classified 1/2, two were classified 2/1 with ‘B’
size large opacities, and one was classified 2/2 with
‘A’ size large opacities. Of the 21 remaining chest
x-rays, eight had a small opacity profusion
classification of 0/1, and 13 were classified 0/0.
These chest x-rays were classified between 1979 and
1992 by the same B reader, or one of the reader’s
associates, who classified all of the chest x-rays of
the eligible current workers. The clinical radiology
report of the one participating former worker for
whom there was no ILO classification was dated
1974 and was negative, and the clinical radiology
reports of the three non-participating former workers
for whom there were no ILO classifications were
from 1972 - 1977 were also negative. All five non-
participating former workers with a positive chest x-
ray were employed for over 25 years and four were
employed for 30 years or more. Two held primary
jobs within the Milling department as a Loader/Mill
Tester, the other three held primary jobs in Dry
Processing, Maintenance, and Mining.

Because the company sent chest x-rays with small
opacity profusion classification 1/0 or greater for
additional readings beginning in 1990, the
classifications from these additional readings were
used to develop a single classification, and this data
is also presented in Table 7. Three of 11 workers
with a positive chest x-ray based on a single B
reading had more than one ILO small opacity

profusion classification completed. All three were

current workers. (The chest x-rays of the seven
former workers were all taken prior to 1990). Two
of the three workers had a total of three
classifications completed, and one worker had one
additional classification. For the worker with one
additional classification, the second classification

. was different from the first — there was no agreement

between the two readings and the status of this
worker was not changed. For those workers where
the consensus classification was the median
classification, one changed status (i.c., the median
small opacity profusion classification was less than
1/0). Thus, the number of individuals with a positive
chest x-ray decreased from four to three among
participating current workers. Two of the three
participants identified in company records as having

a positive chest x-ray also had positive NIOSH chest”

X-rays.

U.S. 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 ofien
incomplete. Personnel records provided by the

. company were used in conjunction with these

standard forms, and others, to assemble work
histories and supplement other missing information
whenever possible.

Company Medical
Monitoring
Routine médical monitoring has been conducted at

the Berkeley Springs facility since the early 1950s.
The initial monitoring was offered annually up until

. the 1970's, when it began to be conducted every two

years. The medical monitoring included spirometry,
physical examination, and chest x-ray that was read
by a contract radiologist. Employee participation int
the medical monitoring was optional until 1979, at
which time the company (known at that time as
Pennsylvania Glass Sand)adopted the 1977 National
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Industrial Sand Association (NISA) occupational
health program guidelines and recommended
medical monmormg. Participation by hourly
employees in the monitoring then became
mandatory. . Medical monitoring consistent with
these guidelines (see Evaluation Criteria), including
achest x-ray, was conducted every two years. Office
and administrative employees were examined every
4 years. Examinations were completed at 2 hospital
. in Berkeley Springs, and all company chest x-rays
were sent to the same B reader for classification.
Beginning in 1990, chest x-rays with small opacity
profusion classification 1/0 or greater were sent for
additional readings to other B readers. An annual
chest x-ray was obtained if a chest x-ray was
classified 1/0 based on a consensus of the additional

at the time of our survey in 1993. The medical
records, except for chest x-rays, were kept at US.
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 itself. A company representative reported
_ narrative reports of test results in sealed envelopes fo

the plant manager, who ensured that each employee
signed a document indicating that he or she had
received their individual medical test results.
Employees with abnormal - test results were
encouraged to see their personal physician or to call
the company medical director to discuss their results.

Fifty-three of the 54 participating current workers
and all 13 participating former workers reported

takmgpartmelﬂnerpre—plawnentorrmtmemedlcal :

monitoring offered by the company. ~All 67
participants reported having had a chest x-ray as part
of a past company evaluation. One current worker
reported having had a chest x-ray taken by the
comparty, but reported that he had not participated in
routine medical monitoring . - probably
misunderstanding the question. Thirty-nine{72%)of
the 54 current workers and four of the former
workers were able to recall their company chest x-
ray results. Nine current workers either didn’t know

or didn’trecall their company chest x-ray results; one

.of whom had a positive company chest x-ray. Six

umnwmku'smdelg’atfmmermkersrepated
a!solﬂvmghadamentchestx-my,foruher
mssons,maddrhontothen'companychestx-my
Participants reported that the company medml

' momtmmgmoﬂ'aedevaytwoyws.

Subsequent to the NIOSH survey, US. Silica

iimplemented NISA’s voluntary Silicosis Prevention

Program and its medical monitoring guidelines. The
s - ists of a medical and conal

history, physical examination, chest x-ray, and

spirometry prior to job placement as baseline, and

every other year. Chest x-rays continue to be sentto,
-and kept by, the same NIOSH-certified B readerwho
has classified chest x-rays for the company since

1979. Since November 1994, US. Silica has
lmlwedﬂlemofamobﬂehedtthg
company to conduct its routine medical monitoring.
Pre-placement cxaminations continue to be
conducted at a hospital in Berkeley Springs. Skin

testing for tuberculosis (TB) was not one of the

screening tests offered in 1993, 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 1/). Medical

" data from the routine medical monitoring are kept by

the mobile health testing company in electronic
X-rays, continue to be maintained at U.S. Silica’s
corporate offices in separate locked files with access
limited to the medical director, ﬂ:e\meptwdmtof
administration . and his staff, and the legal
department. 'l'hepoeedurefornd:fymgmdwulml
employmofmen'mroaﬂtshasmmmedtheme

asuwasml993

Sevm(lﬂ%)ofﬁneé?wrmandﬁxmerwwkms
~ who participated in the medical cvaluation were
" found to have changes on their chestx-ray consistent
with silicosis; two of these seven had PMF. These
seven participants had been employed at the US.
‘Berkeley Springs facility for 15 years or more, and
six were employed for over 20 years. Four of the
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participants were between 50-59 years of age, and
three were over 60. Five of the seven participants
with a positive chest x-ray were current or ex-
smokers. '

The availability of recent (1989-93) ILO
classifications for all 61 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 readings are not biased by
selective participation, since ILO classifications
were available for all 61 current workers. Based on
company records and classification by a single B
reader, four (7%} of the 61 current workers had x-ray
evidence of silicosis (defined as small opacity
profusion 140 or greater). When the additional
readings were used to determine a single
classification, three (6%) had x-ray evidence of
silicosis. Since the company routinely sent only
those chest x-rays initially classified 1/0 or greater
for additional readings, it is not known if any of the
-57mnammgchestx—mysclassuﬁed 0/0 or 0/1 would
have been reclassified as positive (1/0 or greater) had
they also been sent for additional readings.
Considering just the 54 participants in the NIOSH
survey, the prevalence of silicosis in company chest
x-rays was 7 % (4/54) based on the-single reading
and 6% (3/54) based on the additional readings.

A population prevalence estimate based on the
results from a sample of volunteer participants may
result in an over-estimate, if those who choose to
participate are less healthy than those who do not
participate. Available data indicate that age and
tenure of participants were similar. However,among
current workers there is more x-ray evidence of
silicosis among participants (see Table 7).
Therefore, for all 61 eligible current workers an
estimate of silicosis prevalence of 10% may be an
over-estimate. Given the high prevalence of chest x-
ray abnormality among non-participating former
workers (as determined by review of medical
records), the NIOSH silicosis prevalence estimate of
10% is probably an under-estimate of prevalence in
the study population as a whole.

The study population prevalence of x-ray defined
silicosis among the 93 eligible current and former
workers could, in theory, range from 11- 28%

_ depending upon the number of cases among non-

participating former workers, the source of
information (company records or the NIOSH
evaluation), the number of cases counted from each
source, and consideration of the procedure used to
produce asingle classification (i.e, multiple readings
versus a single reading). An explanation of how
these upper and lower boundaries on the estimate
were obtained follows.

Using the company records and taking into
consideration the results using multiple readings, a
total of 10 workers had a positive chest x-ray: three

currently working participants, two of the 13

participating former workers, and five of the 19 non-

participating former workers.  Assuming the

remaining 14 non-participating former workers

(three of whom did not have an ILO classification
but instead had a clinical radiology report) had no
radiographically-defined evidence of silicosis, the
lower boundary of the prevalence estimate would be
11% (10/93).

To determine the upper boundary of the prevalence
estimate, both sources of information were used to
count the number of cases. Seven cases out of 67
participants were identified during the NIOSH
evaluation and five additional cases out of a total of
26 non-participants with chest x-ray results (7 current
workers and 19 former workers) were identified from
available company records. Assuming the 14 non-
participating former workers had x-ray evidence of
siticosis the highest estimate would be 28% (26/93).

A more realistic upper boundary may be found by
considering the three non-participating former
workers who did not have an ILO classification, but

who did have a clinical radiology report. Chest x--

rays for all three were taken between 1972 to 1977,

and all three were negative based on case definition
2 (see ‘Methods’). Assuming possible progression
and the appearance of clinical chinges consistent
with silicosis or pneumoconiosis since the time of
that chest x-ray, and adding these three to the 12
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prevalence estimate would then be 16%, or 1593. |

Several factors may have contributed to an under-
estimation of silicosis in this study. First, cases of
silicosis that may have occurred among deceased
former workers were not included in this evaluation.

“Secondly, the low participation rate (41% among

eligible former workers), selection bias, and the

study design itself, may bave had an effect and |
reduced the likefihood of identifying more cases of

licosi

obslnmvepulmona:ydlsease.m Published
studmmggestﬂiatmhnonmynnpmrmmtand
dxromcrcspual:xysymptomsareassocmedwxﬂi
both cigarette smoking and cumulative dust
exposure, and may be greater among dust-exposed
workers who smoke.®+% We found, as expected,
that abnormal pattems occurred more frequently
_among“eva”:mokusw:ﬂnmeasmgyemsof

employment. - However, these results were also

emfolmdéd(biased)hycompeﬁngdtHWh

- other dusty jobs. Symptoms appeared related to

cigarette smoking but not to length of employment at
“the plant or at other dusty jobs. Amonglhe 19
parhcnpmtsw:daah:ormalspmeﬂypa&ms,ﬁm
breath, and eight reported a physician-diagnosed
respiratory disease or illness (emphysema,
blmchms,asthma,sdloosm,orodlerabnonnamy).
Puhnonarynnpanmentmeustmapechveofﬂ:e

presence or absence of abnormalities detectedona

chest x-ray ®*%9 Abpormal pulmonary function
test results were identified in four of the seven
pa:ﬁcipamswithaposiﬁvechﬁtx-my ‘

Cases of silicosis are .not rare among workers
currently or formerly employed at facilities that
prodmegrunulsﬂm,workasattheseﬁmhhsare,
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

- were identified among 15 current workers, and four
‘mswweldemﬁedmmgllﬁumawukﬁs.'lhe

participation rate among all current workers (ic.,

- including those with less than 1 year of exposure) .
- was 83% (25/30), and among former workers with
oneyearormqee:’v_:posmﬁeﬂ:enptemsﬁ_%(l_lﬁl).

A similar evaluation at the same time at another
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
yearormoreexposm’eﬂlemlnwasﬂ%(zlllﬂ).

n 1980, aNIOSHevahmmataplmtmNew
Jersey found six (13%) mdiographically-defined

cnswofslhoostsammgﬂmapatmgummtand

. former workers®” Five out of the six cases

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, l972ﬂ1e mﬁewas 70'/. (21/30).

These previous mkuganons utilized stmilar'
classification of ﬂle 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
a 1985 study involving the classification (TLO-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%4) chest x-rays with a median small

~ opacity profusion of 1/0 or greater®® This study

found only one chest x-ray with imegular small
opacttypoﬁmonoflm andnoehestx—raysmﬂl

. mmdedsmallopacnypmﬁlsmoflll)a'gtumr

amongover 700 malm.

Pam“ :
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In the present evaluation, the predominant shape of
small opacities on five of the seven positive chest x-
rays was rounded, one chest x-ray showed
predominantly irregular small opacities, and one
-ch&stx-rayhad“mmed”opacm&s. The distribution
of opacities was predominantly in the upper zones or
in all lung zones for all seven chest x-rays. Silicosis
is usually manifested as rounded opacities on chest
x-ray, but it can present as predominantly irregular
opacities and/or “mixed” opacities especially when
_the affected individual has been exposed to other
" dusts in addition to silica ""* Atthough five of the
seven participants with positive chest x-rays were
“ever” smokers, cigarette smoking alone does not
explain all the observed chest x-ray abnormalities.
"Smoking cannot explain the small rounded opacities
seen in three of the participants who were smokers,
because 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 irregular opacities
classified according to the ILO system® In
summaty, the irregular pattern and ‘mixed” pattem
noted on two of the chest x-rays in our survey are
consistent with silicosis. However, other
possibllm&s,mchasexposumtoanoﬂlerlypeofdust
in addition to crystalline silica prior to, during, or
after employment at Berkeley Springs, or a

~  respiratory illness that is not work-related, cannot be

ruled out.

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 Berkeley Springs plant. During the
period 1988 to February 1993 9%(8/87)0fpetsomi
samples collected by MSHA inspectors in the mill
area or affected downstream operations were citable
under the MSHA standard for respirable crystalline
silica® All seven participants with a positive chest
x-ray began working at Berkeley Springs between

seven to 29 years before MSHA’s current silica dust
standard came into effect in July 1974. All seven of

these participants were employed for 15 years or
more. Three of the seven participants with a positive
chest x-ray reported previous work at other dusty
jobs. Two of these three participants with other .
dusty jobs had prior or subsequent employmentofa
length (2 5 years) that may have made a major
contribution to signs of silicosis on their chest x-ray,
although the degree to which these participants’
other dust exposure contributed to the abnormalities
semmﬂne:rchwtx-mysmnnmbedetermmed. The
development of chest x-ray abnormalities is known
to be related to both duration of exposure and to
ummsnyofeaposme,togedmerhlowuascumulanve
exposure. A relationship between exposure to
increasing levels of crystalline silica dust and the
prevalence of chest x-ray evidence of silicosis is
accepted, although the precise relationship is
unknown 4%

Routine medical monitoring has been available to

employees of the Berkeley Springs facility since the

early 1950's. It is currently conducted every two
years and includes all of the screening fests
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-

certified B reader and have been sent to the same
reader since i979. A company representative
reported that since 1990, chest x-rays classified 170
or greater have been sent for additional
classifications. Company chest x-rays initially
classified as negative (0/0 and 0/1) by a single reader
were not routinely sent for additional readings. The
inconsistency of chest x-ray classification among B
readers is well documented,**#*® and use of a
single reader has consequences, intended or not, for
the individual worker as well as groups of workers.
For example, had “Reader 3” been the only reader
for this NIOSH evaluation, one of the seven workers
identified as having silicosis based on a median of
three readings would have initially been considered
to have a negative (0/0) chest x-ray, and the
prevalence of silicosis among participants would

have- been 9% (6/67) (see Tables 4 and 5). -
Alternately, had “Reader 2™ been the only reader, an

additional 28 participants would have been
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considered to have silicosis and the prevalence
among ‘all participants would have been 52%
(35/67). Obtaining multiple readings on all chest x-
mys'smewayofmm:mmngmdavambunym

wrongly classified as positive) and “false negative’:

(e, a chest x-ray wrongly classified as negative)
. soreening of chest x-rays for pcumoconiosis is
- standard ‘practice for NIOSH studies"™ and the
federally mandated Coal Workers’ X-ray
* Surveillance Program (CWXSP) ™ although NIOSH
has not formally recommended multiple readings for
-ﬂlemedlca.lmmm)rmgofwmkusaqnsedw
silica 02029

meﬁeq\mofﬂlemeﬂimlmdnitaingatnq-keley |

NIOSH for ground silica workers, and screening for
TB was not reported to be part of the baseline

examination or the periodic medical monitoring. 1
Pre-placement and annual medical examinations are

recommended by NIOSH for all workers who
m“m“,llse,orhﬂndleglunulsdmor

1. Se‘val(lﬂ%)ofﬂleﬁ'lwl)a]ﬂcmtshada
- chest x-ray consistent with silicosis. Available data
“on age, tenure, and disease status from company
records suggest that 10% may be an underestimate as
applied to the study population asawhole. Although
most (36%) of the 67 participants reported working

in Maintenance, cases of silicosis occurred more
ﬁeqlmﬂya-nongﬂmewhompmedmlemmeu

primary job. -
2. Itlsreasmablemmludeﬂmtﬂleabnmnalm

semonﬂ:eseclm:—mysarem'bumblempast

‘crystalline 'silica dust exposure at the Berkeley
jobs may have contributed to the abnormalities
observed in at least two cases. This conclusion is
‘supported by MSHA ~documentation of prior

episodes of non-compliance with its respirable silica
among current and former workers with 15 or less

 yearsoftenure; however, because of the Jong latency -

!ﬂmllymm!edwﬂldnmncsﬂnos:s,mmdmg

18 notsuﬂiclenttoooucludeﬂmtqmmtaysmﬂm
* silica dustexposure levels arc without adverse cffect.

3. mmpanymedmlmonmomgp.ma

obtammgaddxhonalBteaderclassnﬁmﬁonsonlyfor'
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. mmpmﬁﬂsmlhluﬁmuved:w

x-fays among workers whose chest x-rays are
mmallymdaswooron- |

=-‘*i.%*~?:REceMMENDAnons‘_f;f;; |

~ The ﬁ)llowmg recommemianmsue based on
findings of the medical evaluation conducted by

NIOSH at US. Silica, Berkeley Springs, MSHA
regulations, and NIOSH policy. Recommendations
regarding primary prevention through engineering

ommolshavebcmp_mvﬂedbyMSHAmawpmate

‘1. The medical examination and Screen ingm:;

should be available to all workers who work in or

placement and annually thereafter.® However,
~ medical monitoring should not be used as a
substitute for environmental controls to reduce -
workerw:poauetoaystallmesﬂm . b

,-Z-A“Yﬂnployeewahch&stx-myewdmoeof

silicosis or pneumoconiosis or those employees -
with pulmonary fimction impairment and/or
symptoms ‘of respiratory distress (for example,

t shorlnmsofbrealh),shouldberefamdforama'e

* thorough” medical evaluation. , The evaluation
shouldbecondm:tedhyaphysnélanthﬁedm
advise the employee and the company whether
continved work-related exposure to crystalline
silica dust at the Berkeley Springs plant would be
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associated with an increased risk of impairment
of respiratory health.

3. The current 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. 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.

4. Skin testing for tuberculosis (TB) should be
conducted prior to job placement and annually
thereafter,®>"*1 with appropriate follow-up
fordeﬁnmvedlagnomsandmedlmlmamas
indicated. ‘The association of TB with silicosis
and silica exposure is well-known.®=*9  Skin

testing procedures should be in accordance with
CDC gmdehnw."”"

5. Fachunployeeshohldreceiveawﬁtwnoopybf

" their medical examination results in full detail,
whether or not the results are abnormal, in
addition to a summary namative. Resuits 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.

6. 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.

7. All cases of silicosis should be reported to
MSHA by the company, as required. MSHA
requires operators to report any miner with small
opacity profusion of 1/0 or greater on chest x-
ray, or a diagnosis of silicosis, or an award of
compensation. Examining physicians, health
care providers, contractors, and/or radiologists
are encouraged to report cases or any
occupational discase to the West Virginia
Bureau of Public Health.®™*® To enhance the

uniformity of reporting, NIOSH has developed
reporting guidelines and a surveillance case
definition for silicosis (Appendix II). This
definition and 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 providers.(>? 2
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TABLE 1

Datermination oftheSb.ldyPopulaﬂon
‘U8, Silica - Barkeley Springs - |
" HETA91-0375
CURRENTWORKERS = FORMER WORKERS Tou"
Participants Non-participents .

Reason for Exclusion from Study Population
- Not eligible based on job Ind!ortonum
ct)mpany dmmined worker not efigible
- Misaing moordl
- NIOSH unable to vertly efigiblity
- Deceased - |
. S-tam‘e.-Unknown uladodldodcal
Number of Workers Remalning for Study

- 12
2 -

Participants

2 4

2 7
K

- 3
4

Non-participants
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TABLE 2 -
Study Population and Participation Rate By Employment Status
U.S. Silica - Berkeley Springs

HETA 91-0375
Employment N | Total# | Numberof Number of Participation
Status Eigble | Participants Non-Participants Rate (%)
Cumrent Worker | 116 61 54 7 89
147 32 13 19 41

Former Worker

TOTAL 263 |- 93 67 26 72
mmummmwm 91-0375

as
o,




TABLE 3

mdmmwmm

U.S. Silica - Berkeley Springs
: HETA 91-0375

.. . EMPLOYMENT STATUS

L 54 CURRENT " 13FORMER TOTAL
Age (s) ~  [median] .- 64 49
Range (y1s) 29:64 36-70" 29-70
Terure (yrs) [medan] 195 25 21
nge(yrs) | L_ '1-41" | 9-45 1-45
Cigarette Smoking Status | Number % Packyears .| Number % Packyears | Number % Pack-years
oo [median] L [median] - [median]
Neversmoker - | 11 2% — | 4 s% — | 15 2% -
Curentsmoker 2 &% 7| o —  — |2 3% Z
Exemoker 21 3% 1 | 9 e 28 | 30 4% 6
Pack - Years (median), | 2 s | 23
Ever smokers : :

,Ew&msmtaﬂ&mnkemwnbined |
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. TABLE 4
Chest X-ray Results by Reader for 54 Participating Current Workers
U.S. Silica - Berkeley Springs

HETA 941-0375
READER 1 READER 2 READER 3 MEDIAN
mfusin SizefShepe Zone(s) | Profisin StwShape Zonels) | Profusion SzefShape Zone(s) | Profusion  Fim Quelty
o0 10 st 2358 o0 00 1
oo a0 00 00 1 .
] 10 sp 256 %) o0 1. "
o " ® A o0 o0 1
S I S 1M s Al o0 o1 1
o a0 o0 o0 1
e 00 o0 | oo 1 .
o st 245 10 g Al 10 w1245 170 1 -
o0 oo o0 00 1
© o0 10 st 2356 o0 1
o0 oo o0 o0 1
oo o0 o o 1
" qt 1245 " ap 1245 11,A q 1245 11 1
oo 10 ps 12456 o0 oo 1
oo 10 ss 23586 00 oo 1
© oD 10 st 256 00 o0 1
o 10 ps AR o0 o0 1
oo 0 2356 o0 %) 1
iIMA  n An 2,8 @ 12345 2B @ 1245 12,8 1
o 00 | 00 o0 1
o0 oo o0 oo 1
- oD o0 00 o0 1
o0 oo 00 oo 1
o0 oo o0 00 1
o0 o0 oo oo 1
oo " st 2358 o0 a0 1

-

.z.amlaenrraspaﬂbme|ighhpper.nﬂdb.“bwmmﬁn&ﬁiemS.uﬂGmrmﬂbhhﬂw.nﬁde.wmm
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TABLE 4 (continued)
Chest X-ray Results by Reader for 54 Participating Current Workers

HETA 91-0375 -

READER1

READER 3
Prolusion - Size/Shape Zone(s)

88 HE 8 AHE g

m 2 Q © Q @ Q

el || 28 g | (8|53 | |8
|8 : ,

mw |- Elw % uu.m ®

RHEEE HE HEBEBEEHE

X
| |s!s]s | JHHEEHEEEE

'1.zm3mﬁulvimnm,aﬂbnrm respectively; while 4, 5, and 6 comespond to the leflt upper, mirkdie, and lower zones.
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TABLE 5
Chest X-ray ResuitsbyReaderior 43 Participating Former Workers

U.S. Silica - BetkeleySpnngs

HETA 91-0375
READER1 - READER 2 : READER 3 . MEDIAN
SeeiShepe Zone(s)* | Profusin Sie/Shape Zone(s) | Profusion’ Size/Shape Zone(s) Profusion  Fim Quaily -
q A 12,8 ® A 2.8 [ 1245 21,8 2
i " st 2356 (0] on 1
_ 17 st 2358 o0 00 1
: -:. 00 7.‘ o0 : 00 o0 1 -
-~ jw ] e Al 0w o~ 2
o T A 2 ¢ A wmA m A 2n 1
e | Al oo oo 1
oo 00 00 00 1
-Iw 1" st Al o0 o0 1
oo oo 00 o0 1
o0 10 ss 2356 v %)) 1
10 s 1245 | 1w st AN av 0 1 _
1R 72 - pq Al 2 q 14 24 1 -

T, z,andsmtraapmdhlleruiwper md:h and lower zones, respectively, while 4, 5, and 6 comespond to the: feft upper, middie, and lower 2ones.
. mmmmmmsiunmmmw:mmm 2 _ The median column incorporates this additional ading. - S
The additional small opacity profusion dlassification was 2/1 with a film quality score = 1. The medkan cokamn incorporates this additional reading. <

e
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: - TABLEG _
. Ling Function impairment by Years of Employment
e , . and Cigaretie Smoking Status for 67 Participants
. ' o : U.S. Sitica - Berkeley Springs
o ) ) T HETA ©1-0378

* « Each of these cals includes a perticipant with > 10 years employment at a prior o subsequent dusty job. | R o

s

*” --.-. .7 - _A . _l ‘ !
Pm“ B - . . ' | ' _MHquvimmn@po&'m.bf_-oan e



TABLE7
Age Length of Employment, Experience in Other Dusty Jobs, Cigarette Smoking,
andSnalIOpaatmeﬁ.ls%ﬁﬂunC:m\panyRecords

~ by Employment Status and Participation
U.S. Silica - Berkeley Springs
HETA 81-0375
_ CURRENT WORKERS : FORMER WORKERS 7
o} N54 ] O N=7 N=13 : N=19
B p/(yrs) {median] 44 41 64 64
L Range (yrs) 20.64 ‘ 31-60 | 36-70 32.76
wre (yrs)  [median] 20 20 23 20
Range (yrs) 140 1-34 845 434
' H‘E.bbss! Number % Number % Number % Number %
Yes 39 72 4 57 8 62 12 63
No 15 28 3 43 5 38 6 32
Unknown —_ —_ —_ —_ — — 1 5
. aretteSmoking | Number % | Number %@ § Number % Number %
Current smoker 25 46 3 43 3 23 7 37
Ex - smoker 20 37 2 29 6 46 9 47
Never smoker 9 17 2 29 3 23 2 11
t Unknown — — —_— — 1 8 1 5
Number % Number % Number® % Number* %
. allOpacity , |
igle B reading) _
afl Opacity _ |
- dusion > 110 - 3* 6 — - 1 - — - -
e ngadcﬁbonalB _ . _
. dings) |

medag&sdondaddb1mdl.|ebrunﬁng
deﬁwmmedbyﬂedassﬁcabmdomhmmmmeNIOSHsneybyasmgleBreader

) Classification missing for 1 participating and 3 non-participating former workers; allfmrhadadnmlmtiologyrepatonﬂe.
| chest x-rays taken prior 10 1990.

e chest x-ray had a second reading but did not reach consensus; aseouﬂdeetx—rayhadasmlemachg(?ﬂ B} and is included.
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_ APPENDIX |

SR . MSI-WNIOSHGROUNDSILICAHILLSTUDY

mmmamMmsmwmmmmmmmmw

Wsmmmwmmwmdmwwmmam o

" inworkers in ground siica mills. MSHA selected the mill portions of nine ground sffica operations,

_ based on one or more of the following criteria; (1) one or more outstanding viokations of MSHA's

* respirable sflica standard and a history of overexposure to respirable silica; (2) size of the mills, both
large and small, based on number of employees; (3) use of advanced control technology; and (4) a
representative number of ground siica mills from each Metal and Nonmetal Mine Safety and Health
District. Nine mills were chosen for the study rather than all sbdeen because of the two year fime frame:
. (fiscal years 1993 - 1995) planned to complete the study. A list of the sixteen mills is provided in
Altachment 1 and a fist of the nine selécted mills is given in Attachment 2. Nomanpimoewiﬂ\

- MSHA's respirable siica standard s indicated on the atiachments.

lnlale1991 when the selection was made, smdﬂaesxﬁeennﬂsmmlededmmumm
one. US. SiicaCompany'sBedeleyMﬂdeohmhaMﬂl and the Nicks Silica Company Mill hadno
outstanding respirable sifica violations. The Berkeley Mill uses many advanced controls andisthe =
largest mill. ﬂreCdtnﬂ:aMill ahgenﬂmdbidcsSiimCompany a small mill in MSHA's

- bwdﬂesmMehladNamdaleSafetyaﬂPbahDs&ﬂsaﬂea&dh&ee&uﬂsﬂﬂsae '

‘represented in the study. Three mills were selected from the South Central District and North Central
,mmmmmmmmmaﬂmmmﬁmmm
Northeastem District.

Mwmmmmmnmgmmmmmosﬂmmm"” '
prevalence of silicosis in active and former workers in the same 9 mills. Atheccmplehmofﬂ:esmdy
_MSHAwilnsuearepontmﬁﬁmgsofeadmﬂmdastmmofdm'ns. -

L BACKGROUND

Gmﬂﬂl‘mpatd&saelmdasdebﬂwmm&bmaﬂh@wwta@dayﬂaﬁe
smm.ahmmmsedmmﬁgwtmwdsme(sﬁmss)aﬂmssﬂemduum
A NIOSH feasibility study of the adequacy of company records for a proposed NIOSH study of sficosis
was released in 1990. Examination of four industrial sand facilities' B Reader reports found 27% of

: mletswmwmyeamwkemamradsnaumadh&emﬂay‘ﬂebasbﬁtysudywasd
Iﬂmmnﬁsdmm&mmam
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APPENDIX | (con’t)
Il. PROTOCOL OBJECTIVES & METHODS

The following protocol describes the joint MSHA/NIOSH study and identifies responsibilities for each
part of the project.

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

{a) Emmwemddose-anmeemgswmbeheuwmmalmmagememmdenﬂoyees
or employee representatives at each site.

'(b) Al current and former employees will receive invitations from NIOSH to participate in
- the medical portion of the study. :

2 NIOSHmﬂiadogapﬁwlwmmmammmﬂweesmﬂEQSdeaedgmw‘m
mills for evidence of silicosis.

(a) Posterior-anterior radiographs will be taken, 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 sifica mill worker will be
categorized as consistent with silicosis. The B Readers will not be informed of any

exposure history and the films 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 curmrent NIOSH survey) may
provide the chest x-ray to NIOSH to be read, ratherthanhaveanewd\estx-raytamn
dlmﬂusevalmhon

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

3. Nlmmmammammmmm,mmmmﬁm
respiratory symptoms, and smoking history.

4. NIOSH will obtain pertinent records held by the companies.
(a) NIOSHwillcopypemnentmedimlandpersomelreootds
(b) Review company medical records for diagnoses suggestive of sfficosis.

(c) Collect personnel records showing detailed work histories for curent and former
workers.
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5. mmmmmmmmammﬂw@mm

(a) Mmmmmmmwsamwmm
spirometry. _

' m)umﬂmmnwﬁmﬁmdmmreus. Persons
' 'hmwmmmwmwbmmmm-. :

6. Msmmmmbdsdmmmsmmm

' (a) mmmmdmwmmmmw
MSHAmdlheg'andsilimrriloperdors. '

) Sm:pleaﬂpbdawﬁwhasnhemipuhmofﬂ\elmewbctedgummmﬁs

{c) Cite, mderMSHAregdahons myweuexpo&nebmpnableﬂicadstdebnmed :
_fmmMSI-U\sampI&e

7. MSHATednﬁI Stppa‘twilevduahemeeffechm ofdustcontrols nlheselecbedni!s

(a) Observemdmeaweﬂ\epafomﬂmofdmm&duatemanerane
hmmkmpmgmdmkpracho&smdhowﬂ\eyeﬁedmstm -

-8 MSHAwiIevahaterespcatoryp:Mmpmgrmathngu.ﬂsﬁcanﬂs
(@) Evahntempmmrynogmlsbdetemmefmeymeetmemmmeqlanedsof '
-ANSI Z88.2-1969, Praclices For Respiratory Protection, as reandated by Title 30 CFR,
- " Part 56.5005, M\enmspratorsarereqred, Themmmreq.merlsaeistedn =
- Attachment 3. '
9. NIOSHaﬁMS!-IAwiﬂrepatre&ltsofﬂlersuveysasﬁ:lms

(a) mmﬂmmmmdmmmumd
: si!icoslsanongpamaparlsovetall bymill job, andbtueiffeasible

)] MSHAwﬂ!m:erepa‘lswnbumgﬁﬁngstlOSHarﬂMSMforeadwfheQ
mﬂlsselectedaswellasawwnaryreput _

{c) Eadaagemywilremewarﬂoonmﬂonaﬂmpa‘tspmrtorelease

Pages2 | o Health Hazand Evaluation Report No. 91-0375



APPENDIX | {con’t)
(d) Individual mill reports and summary report will be provided to the industry assodiations, national

unions representing workers in the ground silica industry, participating mill management and employee -
. representatives, and other interested parties.

. STUDY POPULA'I'ION

' ,Nm(mmm)mmwm(mmnmm)dmsmnsmbe

studied will be invited fo participate. No further follow up will be made to eligible individuals who do not
participate.

ADDENDUM: FURTHER S'I'UDIES OF TWO SOUTHERN ILLINOIS GROUND SHICA MILLS
PREVIOUSLY STUDIED BY NIOSH IN 1979 (11-01982 AND 11-02051)

1. BACKGROUND

In 1979, NIOSH was requested to provide Technical Assistance to MSHA at two ground sfiica mills. %
Through medical and environmental surveys, NIOSH determined that a significant health hazard
existed at these mills due to overexposure to respirable quariz. 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 also found to have x-ray
evidence of silicosis. Of 85 cument and former workers with >1 year exposure studied in the two mills,
7 cases of progressive massive fibrosis were discovered by NIOSH.

L

L

In response to these findings, NIOSH in 1981 issued Current Intefligence Bulletin 36, “Silica Flour:
Silicosis (Crystalfine Silica)”, describing a significant respiratory hazard in sifica flour mills from
respirable quartz.©®

L. OBJECTIVES AND METHODS o
1. NIOSH will estimate the incidence of new cases of silicosis among workers at the two mills.
@ mxﬂysdwnemmfammployeaofmemmlsmubemparedwim

: ﬂnsenevahkennﬂTQbﬁenﬂfymymws&sofsﬁms:sdevebpmgsm '
1979.

2. NIOSH will compare the prevalence estimates of silicosis found in the 1979Ted1rmlAssnstanoe
surveys of two southem Ilinois ground sifica mills to the current estimates of prevalence for those two
mills. .

{a) Methods 2 (a) and (b) discussed in the study protocol.
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APPENDIXI (cont

(b Redawfyuemaystamwmommmammmmmm1mm
classification system. (The films taken in 1979 were dassified used the 1971 ILO classification
system). The B Readers will not be made aware when more than one fim on an individual istobe
classified. ﬂeﬁrrnswiﬂbemﬂoniymxedmddasiﬁedrﬂeperﬂaﬂy ﬂesmleﬁleeBMadels
wibeusedthwgln.tﬂneecﬂeptqed. ,

3 Nlmwmmmnmmmmmmmn
1979.

(a) mmaemrﬂvﬂ.lalwormt’s 19795p|uneh'yrwlltsbﬂnseoblamednhsshny'

4, NlOSHwﬁrevmﬂenﬂanaiahondmcammﬂahasnadenﬁemeOSHTm '
Assistance survey reports (HETA Nos. 78-103-108 and 79-104-107). The following recommendations
.were made: engineering and work praciice improvements to reduce free silica exposures below the
NIOSH REL; periodic environmental monitoring of sifica exposures by the operator; respiratory
protection while the effectiveness of the engineering controls are evaluated; all workers exposed to
sifica dust not examined in the NIOSH study should undergo comprehensive medical examinations; =
workers with radiographic evidence of sfiicosis 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 pesformed
amwmmmwammmmmmmmwm :
contamqnproprateheam\wanmgs .

(@) Revmom:panyndl.lstmlhygenerewds

{b) Review company respiratory protection program.
(c) Review employee medical and personnel records.
(d) Re\newpmductbaglabela

IIREFERENCES | . S
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: -mmhm&wm%mdwmm
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" APPENDIX I {con’t)

ATTACHMENT 1 _

’ GRounnschmLLs 1991

§ Normeastemblstnct
46-02805 - US.SicaCo.’

- 38-00027 - Spartan Minerals Co.
3800138 US.SiicaCo.>
3800299 Unémin Corp. _
4002937 Nicks Siica Co.
11-01013 US.SHicaCo.
11-01580 Unimin Corp.
11-01981 UmmSpeaallyMn
11-02051 ~ Unimin Specialty Min.
13301354 - Central Silica Co.
3301355 Central Siiica Co.
03-00299 Malvem Minerals
2300504 Ameican Tripok, Inc.
23-00544 ~ U.S. Siica Co.
34-00377 * U.S. Siiica Co.
4101059 | Umnm('l‘exas)Cu'p

-Nicks Silica Co.

Ottawa Plant

‘Troy Grove Plant
Plant(NC)
“Plant/Mill (NC) )
GassRod<Qlary(NC)

Mi!lwoodSand‘Dw

‘Malvemn Minerals

Sandstone (NC)

- . American Tripoi, Inc.f

Pacific Plant .

o mc:eeknarn(m)

Unimin (Texas)

RENEI L

12

N8
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11-01981
1102051
33-01354

APPENDIX (con't)-

ATTACHMENT 2
GROUND SILICA MILLS - 1991
Northeastern Distr
U.S. Silica Co. Berkeley Plant
Southeastern District
U.S. Silica Co. Columbia Plant
Nicks Silica Co. Nicks Silica Co.
North Central District
Unimin Specialty Min. Plant (NC)
Unimin Specialty Min. PlantMill (NC)
' Central Silica Co. Glass Rock Quatry (NC)
Malvern Minerals Malvern Minerals
Sandstone (NC)
American Tripoli, Inc. American Tripoli, Inc.
(NC)
U.S. Siiica Co. Mill Creek Plant (NC)

mmﬁ
102

ER8

19
12
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APPENDIX ! (con't)
~ ATTACHMENT 3
Wirimum Requirements of ANSI Z83.21969
-(1)ﬂeopaatamtst$hbishammnmdopaamgpwe¢mgwenmgmsebchmaﬂ
- use of the respirator. B 7
" mmmmmﬂemmmmdmmmmmms -
mmwmmm&mwwwﬂewﬁcm

) mwmmmmmmnmmmdmmm
initahons Ttemmmmmneuem(asqmdmmzaaum

a Insh'udlmnmemhledmehazafd.mm dromc.orboth,aﬂacomﬂele
’-apprasalofM:atmayhappenifhempuatu’nrdused '

b Explamhmofud'lymeposmvemmdlsmtnmedatelyfeasble This shall include
recogihmhateveryreasmaﬂeeﬁatsbergmadebmdmoreﬁmmleﬂeneedfor
c Adsassimdwﬁis'isﬁie'pmpeﬂypeofrespiratabrhepaﬁaﬁpumse.'

d. Adsctmonofﬂ\ematorsmpabiihesandhutahm

hstuchmaﬂtamgnadmltsedﬂempuata(&epeaaﬂyampmtaforanergaty
rme)aﬂdosemﬁeqaiapammmmtmbbemm

gomerspeaaltraumgasmededbrspeualuse -
Tra:mgshdlpwﬂeheanpbyeesmopputntybtaﬂeﬂempratuhvetﬂ:ed .

propexrly, test its facepiece-to-face seal, minnormdarforalongfanﬁariypemd,aﬂ,
finally, towwlnaimtatmosphere
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APPENDIX | (con't)
Fit testing
All respirator wearers must be fit tested before using negative pressure respirators. ANSI

' 2882-1969doesnotreqmreﬁtteshngofpos|hveprmuempuators Use a vafidated
protocol for fit testing.

mmmmmmwmmmmmmmﬂem
wearer. This is usually accomplished by recording the fit test resutts for each wearer, along with

Respirators shall be cleaned and disinfected. Respirators used routinely shall be inspected
curing cleaning. Wormn or deteriorated parts shall be replaced to maintain MSHA/NIOSH
approval. ANSI states that deaning and maintenance shall be done "as frequently as
necessary to ensure proper protection is provided to the wearer.”

Emergency-use respirators must be thoroughly inspected at least once per month and after |
each use. Keep a record of the inspection dates and findings.

_R&spﬁatassranbestuedhawwaiamdemaﬂsailaybwﬁm.ﬂemspimtasmﬁ

be stored in a manner that protects them against contamination, temperature extremes, and
oﬂxerpoterﬁallydamagngcorﬁhons

A single individual must administer the respiratory protection program. This individual shall '
regularly evaluate the effectiveness of the program. Monitoring will be conducted regularly to

meﬂmatmeselechedrespuatasmnwmemwwueapnomatemmﬂewearer
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~ ATTACHMENT 4
PARleta)OBJEC'nVESANDHEI'HODS

mmmmwmmmmmmmu .

. pneumoconiosis according to the 1980 ILO system by three NIOSH certified B Readers. The median , -
 reading will be used fo report an abnormality. A chest x-ray showing opacities of profusion category >

100 in a ground sifica mill worker will be categorized as consistent with silicosis. The B Readers will not

be informed of any exposure history. mmmmmammmma

Readerswi!bemedhwymmeemrepmpd. ‘
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APPENDIX R ¢ -
SURVEILLANCE GUIDELINES: SILICOSIS

Reporting Guidelines
These reports should include persons with
-aptwsidan‘spmvisional&wﬁngdiagmsiscrsiicosis,OR
— a chest radiograph interpreted as consistent with séicosis, OR
paﬂmologncﬁuﬁngsmastentuﬁhsﬁ‘msns
To set priorities for workplace investigations, Stabehealhdepaﬂmentsandreguatayagern&sslnld
mapprqmatednlcd epidemiologic, and workplace information about persons reported to have
A 1 History of occupational exposure to airbome silica dust
AND '
2 Ch&stmdogaphaoﬁlermagmtedquntau‘etedasmmwmsﬁooss
o _
B.- Pathologic findings characteristic of siicosis
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