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In July 1991, 1he National Imtitule furOccupatiooa) Safety and Heallh {NIOSH) mieived an:quest fur1eclmic:al 
assislaDt:efromtheMineSafetyandHealthAdmmisllatiou(MSHA)toestimalethepn:valenceofsiliaJsisamong 
. active and rain:d miners at U.S. Silica Company's Berkeley Springs plant, in Berkeley Springs, West Virginia. 

Currentandfunnerworlrerswithooeyearorgreatercwnulativetenuresince 1970 inthegrindingan:aof1hemill 
or in areas dowrislream (by material processing) of the grinding process iepi s ,ted the popu1atioo of primmy 
intctest. On June 14-17, 1993, a medical evaluation of aurent wodcers was coodum:d Former worlrers were 
1l:sllldooJ1D1C 18, 1993. 11iemedicalevaluationincludedaquestionnaire,spiromeliy,andasingleviewposlaior-

.· amtmor(PA) chest x-ray. aiestx-rays were independently classified acconlingto the 1980 lolematiooal Labour 
Office (IL()) system bythn:e NIOSff.catified B n:aders who were llilllware of the participant's age, ocwpalioo, 
ocaipatiooal exposure, smoking bisto.y, or any identifying infonnation. For 1he purposes of this eva1uatioo, 
silicosis was defined oo 1he basis of a chest x-ray with median small opacily profusion classification of caleguiy 
1/0 or greater. 

Fifty-four(89%)of61 aurentwodcersand 13 (41%)of32 formerworlcerswhometthe study ailbion participated 
in the NIOSH medical evaluation. Of1bese 67, seven (10".4) had a chest x-ray consislent with silicosis. The 
highest median ll.O profusion caleguiy was 2/l. Two of the seven had a chestx-ray wusisteul with prog.essive 
massive fibrosis (PMF), with "B" size la.ge opacities (based oo the median of the thn:e .-lings). 

N"meteen (28%) of the 67 participants who pe.fuuned spiromelry had abnoqnal pat1rms; 13 (68-A.) of the 19 
exhtl>ited an obstructive hmg pattan, four (21 %) exhibited a restrictive pattan, and two exhtl>ited a combined 
reslrictive and obstruclive pattern. An abnormal spiromeliy pattern was p rt in four of the seven participants 
with a positive chest x-ray. 

U.S. Silica's medical moni1oring includes all of the scn:eningtesls recommended by1he National lnduslrial Sand 
Association (NISA) as well as those recommended by NIOSH for worlrers exposed to ground silica. NISA's 
cwrent guidelines also recommend multiple .-lings .of all chest x-rays with a small opacity profusion 
classification of 1/0 or greater and S-10% of those chest x-rays classified as Oil based oo a single .-ling Since 
1990, the company iepo, k:dly sent chest x-rays initially classified 1/0 or greater by a single .-ler fur additional 
classificatious. · Of the company records we reviewed, company chest x-rays initially classified as negative (0/0 
and Oil) were not routinely sent fur additional .eadings. 
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Seven (10"/o) of the 67 survey participants who met the study criterion were found to have chest x-ray - -. ~ 
oonsistentwilhsilicosis. Theseresultsarecoosistentwilhpattemsofcrystallinesilicadustexposureatlhisfacility. 
Therewerenocasesofsilicosisamongcurrentorfonnerworkerswith lSorlessyearsoftenun:;however,because 
of the long latency usually associated with chronic silicosis, 1his 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-ray! 

initially classified 1/0 or grearer may produce an estimated prevalence no higher than and possibly lower than Iba 
obtained wi1h a single reading, and those workers wi1h a positive chest x-ray whose chest x-rays are initially rea1 

as 0/0 or Oil will not be identified. 

Recommendations are pi es ob:d in 1his report and include obtaining at least two readings of all chest x-rayi 
regardless of the ioitial small opacity profusion classificatioo, increasiog the fi:equeocy of medical m 
examinations, and modificatioo of the baseline and routine examinatioos.to include skin 1eStiog for tuberculosis 
I~•. 

Keywords: SIC 1446 (lodustrial Sand), Silica, Silicosis, Mineral processing, Ground Silica, Silica flour 
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In JuJ;y 1991, the National Institute for Occupational 
Safety BOO Health (NIOSH) received a request for 
technicalassistanceftom the Mine Safety BOO Health 
Administration (MSHA) 1D emmate the prevalence 
of silicosis among active and retired miners at U.S. 
Silica Company's Berkeley Springs plant, in 
Berkeley~ West Virginia. The medical 
evaluation was part of a joint project between 
MSHAandNIOSHmstudysilicaexposuresandthe 
prevalence of silicosis in workers in a number of 
ground silica mills. A pmtocol outlined the 
responsibilities of each agency (see Appendix I). 
MSHA selected the nine sites for this study and was 
responsible fur the evaluation of cryslalline silica 
dust exposures as well as dust control methods. 
NIOSH was responsible for conducting medical 
evaluationsateachsite. Thisisthefinalrqx,rtofthe 
NIOSH medical evaluation conducted at U.S. Silica 
Company's Berkeley Springs fiicilily. 

OnJune 14, 1993,anopeningmeetingwasbeldwith 
company, union, and miners' represenllltives to 
discuss the ensuing evaluation. The medical 
evaluation of cum:nt worlcers began that afternoon 
and continued through June 17, 1993. Former 
worlcers were tesled on June 18, 1993. A second site 
visit was made October 19 - 20, 1993, to collect 
additional work history information from 
participants. AU study participants received written 
notification of their spirometry n:sults in July, 1993. 
All chest x-rays were promptly reviewed by a 
pulmoomy physician for evidence of acute health 
problems upon return 1D NIOSH and prior 1D the 
classification process. All study participants 
received written notification of their chest x-ray 
n:sults io June, 1994. 

In 1993, each company with a site, or sites, selected 
by MSHA fur evaluation, was asked by NIOSH 1D 
providemedicalandpersonnelrecordsofcum:ntand 
former employees who had worlced at least one year 
since 1970. Of the nine sites, three were U.S. Silica 
operations, one of which was the Berkeley Springs 
fiicilily. In March of 199S, following negotiations 
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and legal proceedings, a settlement was reached 
concerning NIOSH access 1D company medical and 
personnel records. U.S. Silica agreed 1D extract, 
copy, and provide the records of former Berkeley 
Springs workers whom the company determined had 
met the NIOSH criterion fur 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 downs1ream by material processing of the 
grinding process). U.S. Silica also agreed 1D extract, 
copy, and provide certain company medical and 
personnel records of cum:nt Berkeley Springs 
workers who signed an authormdion form. The 
production of records fur all three U.S. Silica sites 
began in July, 199S and was completed in 
November, 1996. 

U.S. Silica Company, formerly known as 
Pennsylvania Glass Sand Corporation, has operated 
a fiicilily at Berkeley Springs since 1904 and began 
producing ground silica products in 1911. The 
present processing plant was conslructed in 1929-30, 
with modemi7.8tioo of silica-grinding equipment and 
increases in capacily occurring in 1946-47, and again 
in the 1960's and 70's. The General Teamslers and 
Allied Workers, Local 992, has tepiesenled 
employees at this plant since the early I 9SO's. 

At the Berkeley Springs plant, sandstone is surfilce... 
mined and brought to the plant fur processing where 
it is crushed, dried, screened, and milled. Some 
products are further classified 10 produce ground 
silica products ranging in particle si7.e ftom S ID 40 
miaons. The ground silica products that are 
produced are then bagged in either SO-pound or 
2000-pound bulk bags or bulk-loaded into railroad 
ems or trucks. At the time of our survey in 1993, the 
plant opetated production proc:: nes 24 hoots a day, 
5 days a week, with three 8-hour shifts. Maintenance 
occum:d 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 
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salaried) wodred in the quany and at the ~log 
plant. · The departments that were part of the 
Berlceley Springs operation wae: Mining. Wet 
Pi, . ~ Pi, Milling, _ ...... _,_.___. ucess, ~,ucess, ...... ffUIIUIQlill...,. 

The main job categories affecled by the grinding 
pocess wae: Miller,MillAssisraotor Helper(duties 
include clean-up), Bagging or Packaging woocer . 
(Bagger, Ground Packer, Utility, or Loader), Mill 
Tester, Maintenance (e.g,,mechanics and 
electricians), and SupervisOly peasowel (e.g., 
working foreman or general supervisor). 

1,.;:tW0Ji;,~JiMEIBotts:tftnill2~ 
Study Objective 

The primary objective of the study-was ID estimate 
and report the prevalence. of silicosis . among 
participating cum:nt and former anployees in the 
grinding area and/or downsln:am (by material 
~ing) of the grinding lirea, by 1rmm: and job, 
if fi:astl,le. To assess any bias in the prevalence 
estimate caused by lack of full participation in the 
medical survey, demographic c:haraclaistic: and 
disease sllltus of participants and . living non­
participants who met the study aitei ion were 
c:ompan:d using infunnationoblainedfrom company 
RCOlds. 

Company medical moniloring programs and 
practices were also examined and evalwlll:d as 
factDrs ll!ataffectsilicosis prevalence and c:ontnl,ute 
towards its prevention. 

Study Population 

.The study. population was defined a all cum:nt 
workers and livingfmnerworkerswhobadoneyear 
or gmrter cumulative 11:Dure since 1970 in the 
grinding area of the mill or in lll'fias downsln:am of 
the grinding process. 

The 'company provided rosters of cum:nt ground 
. silica production and maintenance workers and a 

roster of finner woocers from 1970 employal fur 
one year or more. The union provided a roster of all 
cum:nt workers and a roster of finner ("maclive) 
workers dating back to January 1991, when 1he 
Berlceley plant became a part of 1he Tearnsrers 
Heallh and Welfiue pogtam. Using the union 
rosters, we mailed letlris 1D workers inviting them 1D 
participate in the medical evaluation. Additionally, 
advertisements were placed in local newspapers 1D 
n:achlhoseworkerswhomayhavemovedwithinthe 
local area or odierwise may have fililed to receive a 
letter. To avoid inadva1ent oversight of an eiigtl,le 
woocerwith priorexpeaience in the grinding area or 
areas downsln:am of the grinding pocess, workers 
were invited 1D pmticipate regardless of work area or 
Ienglh of employment. For cum:nt workers who 
chose to participale, eligtl>ility fur inclusion in the 
study population was determined using information 
fiom discussions with company 1ep ,1alives, 
company reconls, the medical evaluation, and 
MSHA, and additional information provided by the 
union. For fmnerworkers who chose ID participate, 
eligibility was determined using information from 
the medical evaluation, coo,pany m:ords, company 
infonnation regarding elig.l,ility when no records 
were provided ("i.e., c:om:spondence), and any 
additional infunnation provided by the union. We 
n:lied chiefly on the company to initially identify 
eligil,lenon-participaticum:ntandfurmerworkers 
and provide their n:cords, which we .mewal. 

Data Collection 

Posterior-AnteriorChestX-Ray 

Cliestx-rays weretaken on a full sm: (14 x 17 inch) 
film. All chest x-rays were n:ad indepeaidently by 
three B n:ade.s ·who, without knowledge of the 
participant's age.occupation, oc:cupational exposure, 
smoking history, or• any identifying information, 
classified the films according 1D 1he 1980 n.o 
International Classification of Radiographs of 
Pneumoconioses. ro A B n:ader is a physician who 
has demonslrated 1he ability 1D classify chest x-rays 
for the pnewnoconioses (dust diseases of the hmg) 



using the ILO Classification System by passing a 
certification examination administered by NI OSK 
The NIOSH-certified B readers used in this project 

. bad each classified at least SOO chest x-rays for the 
4th round of the NIOSH Coal Workers' X-Ray 
Surveillance Program. They bad also pmticipated in 

· a pilot study which entailed a reading trial of over 
400 films of anthracite miners in preparation for a 
current exposure-respon study using National 
Study for Coal Workers' Pnemnoconiosis films. 
After determining that NIOSH B reader certification 
was not due to expire any time between June 1993 

· and December 1994, the readers were oonlacted and 
interest and availability to read chest X-rays for the 
present study were ascertained. The same three B 
readers were used throughout the entire project. 

The ILO c1asmication method is used for 
epidemiological research, for the surveillance of 
woikers in dusty occupations, and for clinical 
purposes. The method recognizes two major 
categories of opacity me: small (,. 1 centimeter) and 
large(> I centimeter).(2) 

The profusion (i.e~ number) of small opacities are 
recordedusingagradualffll2-pointscalewithinfour 
major categ01ies (0, I, 2, 3). A major profusion 
category of O indicates no apparent abnormality, 
while 3 indicates snhsrantial abnonnality. 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 bas also been seriously considered, this 
categ01y is also listed after a slash mark. If there is 
no question as to major category, the two listed 
numbers are identicaJ.<Ul 

Thus, the small opacity profusion scale is as follows: 
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Siz.e and shape of the small opacities are also 
classified, both being differentiated using the letters 
of the alphabet. Two letters are used to record me 
[in millimeters(mm)] and shape, the first listed letter · 
indicating the predominant type.<Ul 

Classific:alion of Small Opacity Type 

UplOI.Snm I.S-3nm 3-IOnm 

p q r 

s t u 

To record the distnbution of the small opacities, the 
hmgs are divided into six zones-three on the left and 
three on the right, for the upper, middle, and lower 
pO!tions of the lungs}Ul 

Three categories are used to define large opacities 
according to siz.e [measured in centimeters (cm)]: A. 
B, and C.<'1 Category A is specified as an opacity> I 
cm but <S cm, or several opacities > I cm whose 
combined diameters are <S cm; Category B is one or 
more opacities >S cm whose combined area is less 
than the equivalent area of the right upper lung zone; 
CalegmyCisoneormoreopacitieswhosecombined 
area is greater than the equivalent area of the right 
upper lung mne.<U> 

The technical quality of the chest x-ray ( or film 
quality) is graded and recorded using four scores, I, 
2, 3, or 4. A "I" represents the highest quality, 
while a "4" 1ept es its a chest x-ray considered by a 
reader as "unacceplable" or "unreadable" for 
classification purposes.<Ul 

· Spirometry 

Spirometry was performed using a dry rolling-seal 
spirometer interlaced to a dedicated computer. At 
least five maximal expiratory maneuvers were 
recorded for each person. All values were corrected 
to BTPS (bOlly temperature, ambient pressure, 
saturated with water vapor). The largest forced vital 
capacity(FVC) and forced expiratory volume in one 

I 

l 
I 



second (FEV J were the parameters selected for 
ID8lysis, n:ganlless of the. curves on which 1hey 
oc:cumd. Tesling procedun:s confunned 1D the 
American Thoracic Society's n:c:ommeodation for 
spilomctry.(I) Predicledvalueswerecakulated using 
theKnudson,efacnc::eequations. 141 Predicledvalues 

· for Afiican-Americans were delamined by 
multiplying the value · piedicled by the Knudson 
equation by 0.8S.Ql 

Questionnaire 

AmodifiedversionoftheMedicalRe ea.chCouncil 
(MRC) questioonaire'" on ,espiuduiy sympcoms, 
supplemented with questions concerning 
demographic information, work bistllly, eigan:tte 

. smoking habits, physician-diagnosed n:spinduiy 
illness, fi-equency and oonteut of company medical 
ewluations,andparticipant'sknowledgeofprior1est 
results, was administered by trained NIOSH 
peisonnel · 

Medical and Personnel Records 

Each company was asted 1o provide medical and 
peisonnel m:ords of ann:nt and fllffllCii- employees 
who had worked at least one :year since 1970. 

; 

Three types of company-held documents· were 
identified from which the pr c s "'"' or absence of 
silicosis was ascertained - ILO cbmifications, 
clinical radiology repoitS (a chest x-ray ieport by a 
radiologist),andmiscelL,_..isdocuments(e.g.,CT 
scan results, 'letteis from physicians, etc.) ... The 
following case definitions · for silicosis were 
eslablished for each type of document 

I. An Il.O small opacity profusion 
classification of IA> or gR8ter on· the most 
recent dtest x-ray. 

· 2. A clinicaJ radiology ieport which oontained 
explicit wools or phrases indicating the 
presence of · silicosis (e.g., ' "silicosis" or 
"pneumoooniosis"), or other·· descriptions · 

considered .consislent with Silicosis (see 
"Results" section). . 

' ' 

3. _ A physician diagnosis . of silicosis, or a 
diagnosis of pneumoconiosis if silicosis was 
oonsideied in the diffaential diagnosis. 

The case definition used in the analysisdepelmJ on 
the type of iecouls obcained from the company. Il.O 

- classificatioos were -axisidered ideal _ and the 
pefened document type for definilion, followed by 

· clinical radiology repoitS. and finally misceilaneous 
documents. ' Thaefu1e, if all three types of 
documents were available for an individual, Il.O 
cbmificatioos were used 1D identify silicosis (case 
definition I). · If company rewufs ooJy contained 
clinical radiology repoitS and miscella.-.Js 
documents, case definition 2 was used. Case 
definition 3 was used when ooJy iniscellaneous 
documents were available. 

Medical Monitoring 

The 1981 NIOSH m:ommendations for medical 
monitoring of woikers exposed to ground silica 
(silica flour), (7) and the reconimendation published 
by the National Induslrial Sand Association (NISA) 
forworkersexposedtocryslallinesilical"'wereused 
as the basis to evaluate company medical monitoring 
practices. 

' . 
Chest X- Ray · 

A chestx-raywasdefu.ed asoonsistentwith silicosis 
if the median, OI' middle, classification of small 
opacity profusion by the three e ICldei's was w « -
gRater. For cases where ooJy one niadercoosiden:d 

· a fihn of ,m .. cqoble quality, an additional 
classification was sought. If the filni was oonsideied 
wmcceptable a second time; it was then classified as ' 
unreadable (UR). However, if the film was able to 
be cbmified, · this cbmification was used to 
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determine 1he median, and the results were 
subsequently used in the data analysis. This 
procedure was followed so as not to give undue 
weight 1o the judgement of a single reader. 
Progressive massive fibrosis (PMF) was defined as 
the presence of large opacities ofILO calegory A, B, 
or C classified by at least two readers. 

The overall shape of 1he small opacities was based 
on lhe 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, 1he shape was considered "mixed." . 

Spirometry 

To identify participants with abnormal spirornelry 
patterns of obslruction and restriction, each 
examined worker's test results were compared to the 
95th percentile lower limit of normal (lLN) values 
obcained from Knudson'sreferenceequations.<•1 Five 
percent of a normal population will have predicted 
values that filll below the normal range, or LLN, 
while 95% will have predicted values above the 
lower limit 

Using this comparison, obstructive and restrictive 
patterns were defined as: 

Obstruction: Observed ratio of FEV,IFVC"A. below 
the UN. 

Restriction: Observed FVC below the LLN. 

Questionnaire 

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

Chronic Cough 

Chronic Phlegm 

a cough on most days for 
as much as 3 months 
during 1he year. 

1he production of phlegm 
on most days for as much 
as 3 months during the 
year. 
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Dyspnea 

Chronic Bronchitis 

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. 

Medical Monitoring 

The 1981 NIOSH recommendations for medical 
examinations of ground silica workers include a 
medical and occupational histoiy, chest x-my, and 
pulmonary function testing (spirometty) for all 
worlcers prior to job placement and annually 
thereafter.C7J The 1977 NISA guidelines 
recommended obtaining a medical and occupational 
histoiy, physical examination, and pulmonary 
function testing ev«y two years. A chest x-ray was 
also recommended, but frequency was not 
discussed.lll The cunent NISA medical monitoring 
guidelines, part of NISA's Silicosis Prevention 
Program which was established in 1993 and 
published in I 997, recommend a medical and 
occupational histoiy and physical examination prior 
to job placement and at least every two years 
thereafter; pulmonary function testing and a pre­
placementskin testfortuben:ulosis(lB)are optional 

· components of the medical monitoring program. A 
chest x-ray is also recommended, with frequency 
determined by worlcer 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.1'1 For a worlcer who is 35 years of age or 
less, or over 35 years with 8 years or less since first 
exposure,NISAguidelinesrecommendachestx-ray 
ev«y 4 years. The frequency increases to every 2 
years for woricers over 35 years of age with more 
than 8 years since first exposure.l'I The current 
guidelines also recommend multiple readings of all 
chest x-rays with a small opacity profusion 
classification of 1/0 or greater and 5-1 O"/o of those 
chest x-rays classified as Oil based on a single B 
read. 191 mg. 

,. 



Silicosis 

Silic:mis, a filnn of poeumocooiosis, is a chronic 
fibrotic pulmooarydisease caused by the jpba~ 
deposition, and n:11:ntion of dust c:oolarnmg 
ays1a11ine silica.(111) Silicosis is usually diagnosed 
through chest x-ray and oa:upatiooal bislDly of 
exposure ID silu:a-'Xllllainjpg dust In . oodl•Iar 

. iii • lung tissue n:acls to. the pi : x:e of SllCOSIS, 
ayslalline silica dust by filnnjpg nodules, which on 
chest x-ray ~ appear disaete. round, and 
more prominent in the upper m,es, although other 
pdlems haw been described.c,.•1.D.D.14.Hl. Such 
radiographic aboonnalities me often the first sign of 
silicosis 

In acule silicosis, . the lung is overwhelmed by 
ayslalline silica particles, and a proceinaceous fluid 
accumulales in the lungs as a reaction to the silica 
dust. 17,IO.li.l'IJ On chest x-ray, the appemauce is 
diff ... wt mm that of noc1u1ar silicosis, with vay 
little of the typical nodular scarring.17·"'9J 
Consequendy, it may often be miHiagnosed as 
puJmooary edema or pneumonia. 

Thefollowingtable~theclinicalfilnnsof 
silicosis: 

Law . 

Aaxlaa!al S-10,..... · , High 

F.ach funn is differeotialed by time to onset of 
c1inically appua1t disease after initial exposure 
(induction period), intensi1;y of exposure.and thende 
al which the disease prog.rns. (1.I0,12.11) The 
pen:eidage of ayslalline silica in the dusl, size of the 
dust particle, filnn of ayslalline silica, and length of 
exposure also affect disease onset ~d 
prog.ession.17,19.2DlGroundsilica(silicaffour)constsls 
of essentially pure aystalline silicon · dioxide 

I 
particles (the quartz polymorph). of n:spirable • 1· 

(< IOmiau1Ddels). (ZI.Z'I Particlesoftbissi7.emaybe 
. invistbletothe naked eye and are sman _..,g1, ID be 
-dep .siled in the alveoli. Freshly ground. or 
fiactun:d, aysta1ljpe silica.,;; wbich is a typical funn 

· of silica in ground silica &cilities - may be more 
toxic orfibrogenic ("i.e., produce1DCJ11:scarringofthe 
lungs).1ban aged silica. (D.Jl.2') ' 

·• A continlDliD is 1hougbtl0 exist between the chrooic 
and acceleraled filnns of nodular silioosis. Factors 

' detenniningtheprogrmimofdiseasemeunclear.(14) 
Chronic 6i/icom . (the pi E ICC of detectable, , 
disaete, nodules <Ian in diametecoo cbestx-ray) is 
the most CuiDIDOD filnn of silirosis and usually 
becomes evident after 10 years orlDCln:of exposure . 
toc1ustc:oo1aromgaystalljpesilica. (I0,11,J!,) There may 
be few, if any, clinical symplDms; the most COIDIDOD 

symploms an: cough, with or widlout sputum 
production and shortness of lrealb.. 1bere may be 
little or no deaanent in pulmooary functioo. 
Accelerated &ilicam is associated with higher 
exposures to crysla)line silica ·and has a shorla­
indudion period 1ban chrooic silicosis. Oiesl x-ray 
aboonna1ities usually appear wilhin S-10 years. (>61 

This funn of silicosis often progr s afterexposiR 
has been discontinued. Acute silicom may develop 
in a few weeks to 4 or S years after initial exposure 
and is associaled with exposiaes ID exln:mely high 
C011teHbatio11sofaystallinesilica.(I0,11,J1,JRespitauy 
impairment is severe with acule silicosis, and the 
disease is usually &!al wilhin a year of 
diagnosis. (11.19) 

Boch chronic and accelerated silicosis can become 
C01Dplicatecl by the development ofintection and/or 
progtessivemassivefibrosis(PMF). Infections(e..g.. 
tuberculosisaod/orfunga) intections) are believed to 
resu11 mm the inability of the overwhelmed 1ung 
scavenger cells (macrophages) ID kill the organisms 

_ that cause 1bese diseases (J7.JI) Prog.essive massiw . 
· fibrosis (PMF) has al tiines been called 
•coinpiicatecl" silicosis, and is the ~ of silicolic 
nodules fusing into large ma : s PMF profoundly 
affecls both the structure and function of the 
lllllgs. (I0,1~12.11) 
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Rec:ently, the Intemational Agency for Research on 
Cancer(IARC)ieclassifiedciystallinesilica(quartz 
or cristobalite) tiom occupational sources as a 
snbsfanai "carcinogenic to bUlllllllS,'.' . and evidence 
suggests that individuals with silicosis are at 
increased risk fur hmgc:ancer.129.lOl NIOSH currently 
recommends that cryslalline silica be considered a 
potential occupatiooal c:an:inogen.<31.32l 

The Study Population and 
Participation 

Table I outlines the nmnber of current and former 
worlcers who were originally identified for study, the 
nmnber of workers excluded (and the reasons). and 
the 1Dlal nmnber of workers that ranained to make 
up the study population. Of a reported 116 current 
· employees, a tolal of thirty-six current workers were 
determined to be ineligtl>le (i.e~ they did not meet the 
study criterion)and were excluded fi:om the study 
population. Eligtl>ility 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 
possibletbese 17employeesweresalariedorclerical 
pasounel. since some salaried worlcers were 
accounted for on company rosters. A 1Dlal of 61 
current worlcers were eligil>le for inclusion in the 
study population. 

Out of 147 former workers identified, I 07 were 
determined to be ineligil>le, and the records for one 
worker were missing. Eligibili1y could not be 
determined by NIOSH for thn:e non-participating 
former worlcers whose names appeared on the union 
roster but did not appear on the company roster. 
Finally, four deceased former workers were 
excluded. Atolalof32formerworkerswereeligil>le 
for inclusion in the study population. . 

Of the 61 current workers eligil>le for inclusion in the 
study population, S4 (89 % ) participated in the 
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medical survey. Of the 32 eligil>le former workers, 
13(41 %)participated. Tbus,of93eligibleworkers, 
67 (72"/o) participated (Table 2). 

Medical Evaluation · •. "" 

The following discussion of n:sults concerns the 67 
participants who met the study criterion. All data 
were oollecled by NIOSH. 

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 p,eseuted. Former 
workers were older and employed six years longer 
than current workers. One (8%) of the 13 former 
workm was employed for IO years or less, four (31 
%) were employed between 11 and 20 years, and 
eight (62%) were employed for over 20 years. 
Cum:ntworkers were employed foramedianofl9.5 
years; five (9%) of the S4 current workers were 
employed for 10 years or less, 23 (43%) were 
employed between II and 20 years, and 26 (48%). 
were employed for over 20 years. A greater 
proportion of former workers were ex-smokers 
(69%). and fonner workm had a higher median 
nmnber of packyears ( one pack-year is equal to 
smoking an average of one pack of cigarettes per day 
for ayear)tban current workers. None of the former 
workers were current cigarette smokers, versus 22 
(4l%)oftheS4currentworlcers. Anaverage(mean) 
of six years had passed since former workers bad 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 

Overall. 24 (36%) of the 67 participants reported 
boldingtheirprimaryjob(thejobbeldfortbelongest 
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 repotled a pimary job as a 
Mill Ope.BIili (eight of whom "MIited in Milling), 
five (7%} n,ported working as a Mill Tester, three 
(4%} wmed in clean-up, and three (4%}worked in 
supa visory positions. The nine n:maining 
participants repotled holding a pimary job in the 
quany, wet processing, or dry piucesslng 
departments. Sixb:en (30%} of the S4 current 
wukers repotled theirpimary job as Maintrmnce, 
wbileeight(62%}ofthe 13 formerwlllkers repotled 
1his as their pimary job. 

Working as a Bagger or Packer in the Milling 
department was repotled with the g.eatt:stm,quency 
by cum:nt workers as the single dustiest job at the 
plant. Fonner workers repotled working in 
Maintenance , with the greatest ftequency. 
Maintenance and maintenance activities such as 
repairing dust collec::tors and overhauling the 
sepualoisfollowedinfu:quencyforcum:ntworkers. 

Other Dusty Jobs 

A 1Dllll of38 (S'rA.} of the 67 participants repot1ed 
prior or subsequent employment in occupatioos or 
industries olherlhan theircum:ntjoblhat might have 
been associaled with exposure to fibrogenic dusts. 
These included 30 (56%} of the S4 cum:nt workers 
andeight(62%}ofthe 13formerworkers. When the 
information was examined by employment stabJs 
andrepotled li:nure in such jobs, 13 (43 %}of the 30 
cum:nt workers and 4 (50%} of the eight funner 
wodcas repotled such employment fur less 1han five 
~ N"me(30"A.}ofthe30cum:ntworkel'Sandtwo 
(25%} of the eight funner workers repotled working 
at· such jobs fur over 10 ~ The type of wOlk 
repot1ed included conslruc1ion, welding, road work, 
working in a quarry, and funning, among Olhers. 

Chest X-Ray Results . 

All Participants 

Overall, seven (10 %} of the 67 participants had a 
chest x-ray consistent with silicosis; of these, ~ 

• - ·4 < • 

(7%} had primarily round small opacities, one had 
primarily irregular small opacities, and · one had 
"mixed" small opacities. The highest n.o small 
opacity profusion adeguty among the participants 
was 211.. Two of the seven had a chest x-ray 
consistent with PMF, with "Bw size large opacities. 
All but one of the chest x-rays wae 1aken by 
NIOSR Sixly-tbree (94%} had a median fihn 
quality score of I (the highest)andtwo had a median 
quality score of 2. Two olher chest x-rays n:quin:d 
an additional classification (one n:adermarbdthese 
fihns "UR,w or "unreadable") and the n:sults wae 
used ID determine the median small opacity 
profusion classificatim and fihn quality. 

The predominant $hape of the small opacities was 
examined in relation to cigan:tle smoking Slatus fur 
the seven participants with x-ray evidence of 
silicosis. Fm: of the seven wae "ever" smokers and 
two had never smoked. The chest X-rays of three of 
the five "ever" smokers showed small opacities 1hat 
wae predominantly ltlUllded, one chest x-ray had 
predominantly irregularsmall opacities.and one was 
"mixed" (i.e., the predominant $hape differed}. The 
predominant$hapeofsmallopacitiesonthechestx­
rays of the two "Deva" smokers was round. 

Of the seven participants with a positivechestx-ray, 
three repotled holding apimary job (the job held fur 
the longest period of time} as a Miller, one reported 
a pimary 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 
wned m theMillingdepartmentandonewmedin 
Wet Processing. The pattern of pimary .jobs fur 
those with apositivechestx-ray iscliffeaent from 1hat 
of the distnllutioo of primary jobs among 
participants overall. Three of the seven participants 
with a positive chest X-ray repotttid working at 
anolherclusty job. One wmed fur less 1han 3 years, 
the second wmed betv.een Sand 10 years, and the 
third over 20 ~ 

Current Worker.s 

· Table 4 lisls the chest x-ray results by n:ader fur all 
S4 currently worting participants. The prevalence 



of silicosisamongcum:ntlyworlcingparticipants was 
6%(3/54). None of the 11 participants employed 15 
years or less bad a positive chest x-ray, while three 
{7"/o) of the 43 participants employed over IS years 
bad a positiye chest x-ray. All three were employed 
for over 20 years and all were between SO and 59 
years of age. 

FormerW~ 

Table 5 lists the chest x-ray results by reader for the 
13 participatingfunnerworkers. Four{31%)former 
workers bad x-ray evidence of silicosis. Neither of 
the two participants employed 15 years or less bad a 
positive chest x-ray. All four of the funner workers 
with a positive chest x-ray were employed over 15 
years and three were employed for over 20 years. 
One of 1hese four participants was between SO and 
59 years of age and three were over 60 years old. 

Chronic Symptoms 

A totalofl6(24%)ofthe 67 participants reported a 
chronic symptom or heal1h effect, as-defined in the 
"Evaluation Criteria" section of 1his 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"/o) of these 67 
participants, five of whom were funner workers, and 
10 (15%) of the 67 reported dyspnea {shortness-of­
breath), seven of whom were current workers. Two 

. of the IO participants who reported dyspnea also 
reported a ccindition, or conditions, that could 
contnlJute to or cause dyspnea. Four of the 67 
participants reported chronic phlegm, and two 
reported chronic cough. Thil1een (81%) of the 16 
participants who repotted 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 their median tenure at 
Berlceley Springs was 22 years. The median tenure 
of the SI asymptomatic participants was 19 years, 
but the difference in tenure between symptomatic 
and asymptomatic participants was not statistically 
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significant (p=0.53, Wilcoxon rank-sum). 
Symptomatic participants bad a shorter median 
tenure in other dusty jobs { 4 months) than 
asymptomatic participants (2 years), but this 
difference was not Slatistically significant (p=0.48, 
Wikomn rank-sum) either. 

Respiratory Illnesses and 
Conc£dions 

Physician-diagnosed asthma was repoited once, 
chronic bronchitis wasrqxxted byduee participants, 
and emphysema was reported by four participants. 
Other reported physician-diagnosed lung conditions 
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 diagoosis of tuberculosis fIB). Fifty-two 
{78%) of the participants IC(IOlted no physician­
diagnosed respiratmy illness or Condition. 

Spirometry 

All {100"/o) of the 67 participants paformed 
spirometry, and 19 (28"/o) of those bad results that 
fell below the normal range. These included 13 
(24o/o)ofthe 54 current workers and six{46%)ofthe 
13 fonner wodcers. Four of the seven participants 
with a positive chest x-ray bad abnormal spirometry 
results, one of whom had PMF. Overall, 13 (19%) 
of the 67 participants exhibited an obstructive lung 
pattern, four{ 6%) exlu"bited a restrictive pattern, and 
two bad a combined obstructive and restrictive 
pattern. Of the 19 participants with abnormal 
spirornetry, 11 {95%) were 'ever' smokers: 10 were 
current cigarette smokers and eight were ex­
smokers; and only one had never smoked cigarettes. 
Table 6 shows pulmonmy 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 duce 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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participants rqnled working as a Drya-Operator, 
Crane Opeud.lll, CJean.up (in the Mill), and in a 
Milling supervisory position as primmy jobs. The 
median lmure of the 19 participants with abnormal 
pallrms was r, years, wliich was not slalistically 
diffi:u:ut from 1he median lmure (195 yaus) of the 
48 participants with normal spiromelly results 
(p=028, Wikoxon rank sum). The median lmure 
in other dusty jobs fur those with abnormal patterns 
was mo and was not slalistically different from 
those with normal pallrms (15 years). 

When the infunnation fur aim:ut workers was 
examined by anployment status, nine (17%) of the 
S4 alnlrited an obslrucliw pattrm, dne (6%) 
aln"bib:d a reslrictive pattrm, and one had a 
combined ,emictiw and obslrucliw pattrm. 
Similarly, fuur (31%) of the lj former workers 
exlnl>iled an obslrucliw pattrm, one exhibited a 
remidive spiromelly pattrm, and . one had a 
combined pattrm. The 13 current workers with 
abnormal pallrms had a median 1mure of22 years, 
and their median 1mure in other dusty jobs was two 
years. The median 1mure of the 41 aim:ut workers 
with normal hmg fimction was 19 yai.s, and 1heir 
median tmure in other dusty jobs was one year .. The 
diffuax:e in median lmure was not stdisrically 
significant (p=0.83, W"dcoxon rank sum), nor was 
there a statistical difference in median dusty job 
tmure. The six former workers with abnormal 
patlt:ins had a median lmure of3S years, and their 
median tmure in other dusty jobs was mo. The 
median k:nure of the seven former workers with 
normal hmg fimction was 21 years, and 1heirmedian 
Imme in other dusty jobs was six years. Only the 
lmure in other dusty jobs was statistically different 
(p=0.01, Wilcoxon rank sum). 

Company Records 

Company n:cords cootained infunnation on. age, 
tenure,cigaretresmokingbisloly, work in other dusty 
jobs, and small opacil)' profusion classification fur 
all 61 (IOO°(o) of the eligible aim:ut workers. All · 
eligtl>Je c:um:nt workers were male. 'Race' was 

...... 
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reconled fur SO (82%) of 1he 61 eligtl>le aim:ut 
workas; all were white. · 

The n:cords of former workers were Jess complele. 
The table below llllllllllllriz 1he .popol1ion of 
infonnatioo available from 1he records of eligtl>Je 
furmer workers fur each of the variables lisled. 

Eligible Fmner Wonas N = 32 

Variable Numbcroflla:mls Pa-cmi 
-lnfil,jjilflMl 

Race 9 
, 

28% 

ll.O 28 118% 
I "6.atioo 

Sex 29 . 91% 

~ ·. 30 94% 
S!noking llistoly 

Olbcr llusiy Jolls . 31 97% 

. . . 

'Of the furmerworkersforwbom infunnation oorace 
. and sex: were llY8llable, all (9/9) were wbite and all 

(29/29) were male. 

Age, tenure, cigaretre smoking habit, work in other 
dusty jobs, and chest x-ray illfurmation was 
examined byanploymeutsfalusfurooch participants 
and non-participants (fable 7). The seven non­
participatingaim:utwma:rsclifferedlittlefitmtheir 
participalingc:oonterparls withregardstomedianage 
and tenure. The non-participants differed slightly ;.i 

. lams of the proportion of workers with an indication 
· of work in another dusty job, or jobs, the popodioo 
of aim:ut · and ex-cigarette smokers (i.e., "ever" 
smokers), and the nmnber ofiodividuals with a 
positive chest x-ray (defined as small opacity 

· profusion of 1/0 or gieater) based on a single B 
reading. Noneofthesevennoo-participatingaim:ut 
workers had a positive chest x-ray (two were 
classified 0/1 and five were classified Ml), while 

. fuurparticipantshadpositivechestx-rays(twowae 
classified 1/0, one was classified 1/1, and one was 

· . classified 2/1 with 'B' size large opacities). Of the 
· SOn:mainingchestx-rays, IOwereclassilied0/1, 
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, 
and 40 were classified 0/0. The chest x..rays were 
classified by die same B reader between 1989 and 
1993. 

Except for cigan:tte smoking and the number of 
individuals with a positive chest x-ray, non-

. participating funner workers differed little from 
participating funner . work:ers. Non-participating 
funner workers bad a slightly higher proportion of 
current smokers 1han funner workers who chose to 
participate (37% versus 23%), while a larger 
proportion of participating funner workers (23%) 
bad never smoked cigarettes. Based on available 
ILO classifications, five of the non-participating 
funnerworkersbadapositivechestx-myversustwo 
participatingfunnerworkers. Twochestx-raysbad 
a small opacity profusion classification of 1/0, two 
were classified 112, two were classified 2/1 with 'B' 
size large opacities, and one was classified '1fl. with 
'A' si7.e large. opacities. Of the 21 remaining chest 
x-rays, eight bad a small opacity profusion 
.classification of 0/1, and 13 were classified 0/0. 
These chestx-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 
die eligible current workers. The clinical radiology 
report of the one participating funner worker for 
whom there was no ILO classification was dated 
1974 and was negative, and die 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 funner workers with a positive chestx­
ray were employed for over 25 years and fuur were 
employed for 30 years or more. Two held primary 
jobs within the Milling depm:tment 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, die 
classifications from these additional readings were 
used to develop a single classification., and Ibis data 
is also presented in Table 7. Three of 11 workers 
with a positive chest x-ray based on a single B 
miding had more than one ILO small opacity 
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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 bad a tolal of three 
classifications completed, and one worker bad 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 die Slatus of Ibis 
worker was not changed. For 1hose workers where 
the consensus classification was the median 
classification., one changed slatus (i.e~ the median 
small opacity profusion classification was less 1han 
1/0). Thus,thenumberofindividualswithapositive 
chest x-my decreased from fuur 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. Exi:eptforchestx-ray infunnation., the 
portions of the forms used from 1979 onward and 
received by NIOSH were, forthemostpart, 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 
standard forms, and others, to assemble work 
histories and supplement other missing infunnation 
whenever possible. 

Company Medical 
Monitoring 

Routine medical monitoring has been conduded at 
the Berlceley Springs facility since die early 1950's. 
The initial monitoring was offered annually up until 

. . the 1970's, when it hegan to be conducted every two 
yems. The medical monitoring included spiromelry, 
physical examination., and chest x-ray that was read 
by a contract radiologist. F.mployee participation in 
the medical monitoring was optional until 1979, at 
which time the company (known at that time as 
Pennsylvania Glass Sand)adopted die 1977National 
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Industrial Sand Association (NISA) occ:upatiooal 
health progtall1 guidelines and n:commended 
medical monitoring. Participation by houriy 
employees in the mooitoriog then . became 

edical . • ,..._. with mandab•y .. M monitoring cons ........ 
these guidelines (see Evaluation Criteria). including 
achestx-ray, wasciond11Cled evaytwoyears. Office 
and adminislrative employees were examined every 
4 years. Evmioations were completed at a hospital 
in Bakeley Springs, and alJ company chest X-rays 
were sent to the same B n:ader fur classificalicio. 
Beginning in 1990, chest x-rays with small opacity 
profusion "lassific:atioo 1/0 CC' greater were sent fur 
additional n:adinr;; to olher B n:aders. An annual 
chest x-ray was nhained if a chest x-ray was 
classified 1/0 based ma ronsensus of the aidditiooaI 
n:adings This was the medical mmitoring in place 
at the time of our swvey in 19'J3. The Dledical 
n:cotds, except fur chest x-rays, were lrept_at U.S. 
Silica's co,porate offices in locked files separate 
men personnel m:ords. <liest x-rays were kept by 
the Dreader. No medical reconfsweremaintainedat 
the plant ilsel[ A company ,qc 11afive .qxx1l:d 
that 1he medical direClol' forwarded company . . 
nmativereportsoftestn:sultsinsealedenvelopeslD 
the plant manager, who ensured that each anpl~ 
signed a docmnent indicating that be CC' she bad 
received their individual medical test n:sults. 
Employees with abnormal • test results were 
enoou.aged to see their pe.sonal physician CC' to call 
thecompanymedicaldireelol'todiscusstheirresults. 

f"dty-duee of the 54 participating cum:nt wo.kers 
and all l3 participating furmer. wo.kers .eported 
lakingpartineitherpn,-placement<C'routinemedical 
monitoring ofl'ered by 1he company. All 67 
participan1s rqxxred having bad acbestx-ray as part 
of a past company evaluation. One current wo.ker 
.eported having had a chest x-ray taken by the 
company, but repor red that he bad not participab::d in 
routine medical monitoring . - probably 
misunderstandinthequestion. Thirty-nine(72"/o)of 
the 54 current wo.kers and four of_ _the furmer 
wo.kers were able ID m:all their COIDpany chest x­
my n:suits. N'mecurrent wo.kers either didn't know. 
<C'didn'tm:alltheircompanychestx-rayresults;one 
of whom had a positive company chest x-my. Six 
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current wo.kers and eight furmer worke.s .epor red 
also having had a n:cent chest x:my, ·tor olher ~ 
n:asons, in addition to their company chest x-ray. 
Participants rqxxred that the company medical 
monitoring was offered evay two years. · 

Subsequent to the NIOSH swvey; U.S. Silica 
_implementedNISA'svoluntaJySilic:osisPrevmtion 
Program and its medical mooitoriogguidelines. The 
mmitoring consists of a medical and ro·.upational 
bislo.y, physical examinatioo, chest x-ray, and 
spirometJy prior to job placement as baseline, and 
eve.y olheryear. <liestx-rayscontinueto be sent to, · 
· andlreptby,thesameNIOSlkertifiedBn:aderwbo 
has classified chest x-rays fur the company since 
1979. Since November 1994, U.S. Silica bas 
utili=I the services of a mobile health testing 
company ID conduct its routine medical monitoring. 
Pre-placement examinations continue to be 
conducted at a hospital in Bakeley Springs. Skin 
testing fur tube.culosis (IB) was not me of the 
saeening tests ofl'ered in 1993, either IS part of the 
pre-placement cxamination or the routine medical 
monitoring. Cum:otly, am skin test is obtained if 
anemployee'schestx-rayisclassified 1/0. Medical 
data from the routine medical monitoringan::lrept by 
the mobile health testing company in eleelronic 
furm. Original cxamination results, except fur chest 
x-rays, continue to be maintained at U.S. Silica's 
corpolateoffices in separate locked files with access 
limited to the medical direelor, the vice pnsident of 
administration and bis ~ and the legal 
department. The procedun: fur notifying individual 
employeesoftheirtestn:sultsbasremainedthesame 
as it was in 1993. 

Seven (10"/o) oflhe 67 current and furmer workers 
who participab::d in the medical evaluation were 

· found to have changes on theircbest.x-ray consistent 
with Silicosis; two of these seven had PMF. These 
seven participants had been employed at the U.S.· 

· Bakeley Springs facility fur IS years CC' more, and 
six were employed fur over 20 years. Four of 1he 
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participants were between 50-59 years of age, and 
three were ove.c· 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 eligt"ble current workers 
from axnpany records permits a axnparison of the 
ffifimafrllprevalenceofchestx-ray-definedsilicosis 
with the results fi:om the NIOSH medical survey. 
The axnpany-based readings are not biased by 
selective participation, since ILO classifications 
were available for all 61 current worlcers. Based on 
company fflXJllls and classification by a single B 
reader, fuur(7%}ofthe 61 current workers bad x-ray 
evidence of silicosis (defined as small opacity 
profusion 1/0 or greater). When the additional 
n:adings 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 readi~ it is not known if any of the 

·57n:mainingchestx-raysclassifiedO/OorO/I would 
have been m:lassified'as positive (1/0 or greater) bad 
they also been sent for additional readings. 
Considering just the S4 participants in the NIOSH 
survey, the prevalence of silicosis in company chest 
x-rays was 7 % (4/S4) based on the-single reading 
and 6o/o (3/S4) based on the additional readings. 

A population prevalence estimate based on the 
results from a sample of volunteer participants may 
result in an ove.r-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 
ffifimate of silicosis prevalence of 1 O"/o may be an 
over-estimate. Given the high prevalenceof cbestx­
ray abnormality among non-participating former 
workers (as determined by review of medical 
records), the NIOSH silicosis prevalence estimate of 
1 O"/o is probably an under-estimate of prevalence in 
the study population as a whole. 
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The study population prevalence of x-ray defined 
silicosis among the 93 eligt"ble current and former 
workers could, in theory, range fi:om 11- 28o/o 
depending upon the nmnber of cases among non­
participating former workers, the source of 
information (company records or the NIOSH 
evaluation), the nmnber of cases counted from each 
soun:e, and consideration of the procedure used to 
produceasingleclassification(ie~ multiple readings 
versus a single n:ading). An explanation of how 
these upper and lower boundaries on the ffifimate 
were oblained follows. 

Using the company records and taking into 
consideration the results using multiple readings, a 
total of 10 workers bad 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. Assmning the 
n:maining 14 non-participatig former workers 
{three of whom did not have an lLO classification 
but instead bad a clinical radiology report) bad no 
radiographically-defined evidence of silicosis, the 
lower boundaJy of the prevalence estimate would be 
11 % (10/93). 

To determine the upper boundaJy 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 chestx-ray results (7 current 
workers and 19 formerworlcers)were identified from 
available company records. Assmning the 14 non­
participating former workers bad x-ray evidence of 
silicosis the highest ffifimate would be 28% {26J93). 
A more realistic upper boundaJy may be found by 
considering the three non-participating former 
workers who did not have an lLO classification, but 
who did have a clinical radiology report. Chest x­
rays for all three were laken between 19n to 1977, 
and all three were negative based on case definition 
2 (see 'Methods'). Assmning possible progression 
and the appearance of clinical chdnges consistent 
with silicosis or pneumoconiosis since the time of 
that chest x-ray, and adding these three to the 12 
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cases already identified, the upper tiaundmy of the 
pn:vaience estimare would 1hen be 16Ye, or ISl'J.3. 

Several factors may have IXllllribuled.lD an under­
estimation of silicosis in this study. Fust, cases of 
silicosis that may have occum:d among deceased 
former workers - not included in this evalualion. 
SouJdly, the low pmticipatioo rate (41% among 
eligible former wurkers}. &election bias, and the 
study design itselt may· have had an effect and 
reduced the likelihood of identifying more cases of 
silicosis. . 

Occupatiooal c:xposmes ID mineral dust have been 
associaled widJ airflow limitation and chronic 
obstructive pulmonary. disease CJIU134I Published 
studies suggest .that pulmonary impairment . and 
c:hrooic iespindoly symptoms are associaled with 
bodt · cigarette · smoking and cwnulative dust 
cxposun:, and may be greater mnoog dust-exposed 
workers who smoke.- We found, as cxpeded, 
that abnonnal patterns occum:d more mquently 
among "ever" 11Dolrers with inaeasing years of 
employment. . However, these nisutts - also 
confounded (biased) by competing dust exposure in 

.· Olher dusty jobs. Symptoms appemed related ID 
c:igan:Ue smoking but not ID length of employment at 
the plant or at ocher dusty jobs. Among the 19 
participants with abnonnal spiromeby patterns, fuur 
had chronic bronchitis, five aepoiled shortness-of­
bn:alh, and eight repoiled a physician-diagnosed 
respiratory disease or illness (emphysema, 
bronchitis, asthma, silicosis, or ocher abnonnality). 
Pulmonary impairmeot can exist iuespective of the 
presence or absence of abnonnalities ddt.:ted on a 
chest x-ray.-- Abnonnal puhnonaiy function 
rest results were identified in fuur of the seven 
participants with a positive chest x-ray. 

Cases of silicosis are . not rare among workers 
currently or formerly employed at facilities that 
produce ground silica; workers at these facilities are, 
and have historically, been ainsidered ID be at high 
risk fur silicosis. A NIOSH evaluation at a Silica 
mining and milling operation in 1979 found that 7 
(27".4)of26participatingctirrentandformerWQrkers 
with one or more years exposure had chest x-ray 

P.,14 

changes consistent with silicosis. CJ7I Three cases 
were identified among IS cum:otworkers, and fuur 

· casesMreidentifiedmnoog 11 formerworbrs: The 
participation rate amoog all cum:ot workers (i.e., 
including those with less than 1 year of exposure) . 
was 83% (25/30). and mnoog former workers with 
oneyearormoreexposurethe i:arewas 35% (11/J I). 

A similar evaluatiqn at the same time at aoodier 
silica mining and milling' operation found that 
17 (44%) of 39 participating cum:ot and former 
workers with one or more years exposure had chest 
x-ray changes coosislent with siiia>sis; three cases 
were identified among IS uareut workers and 14 
cases were identified mnoog 24 former workers. CII> 

Theparticipationrateamongallcum:otworkerswas 
73% (30'41}. and among former workers with one 
year or more exposure the rate was 47% (24/SI). 

In 1980, a NIOSH evaluation at a plant in New 
· Jersey found six (13%) nidiographicall-defiued 
cases of silicosis among 47 participating current and 
former workers.(BJ Ftve out of the six cases 
identified dwing Ibis evaluation - cum:ot 
workers. The participation rate fur . all cum:ot 
workers was '87% (261JO}. and among former 
workers with one year or more employmeot since · 
January 1, 1972 the rate was 70% (21130). · 

These previous investigations Uhlizrd similar . 
procedures and . the . standard pneumocmiosis 
classification of the time, the 1971 ILO-U/C.(4111 
More n:cently, Jolmson and Busnardol<ll desatbed 
a case of silicosis in a mainlenance mechanic · 
employed from 1976 - 1981 at a plant that 
manufactures ground silica. Byway of a,mparisun, 
a 198S study involving the classification (ILO-U/C 
1971 )of chestx-raysof1422 blue-collarworkersnot 
exposed ID dust or Olher respilatory hazards found 
only three (021%) chest x-rays with a median small 
opacity profusion of 1/0 or greater.(41) This study 
found only one chest x-ray with iriegular small 
opacity profusion of 1/0, and no chest x-rays with 
rounded small opacity profusion of 110 or greater 
8Dlilllg over 100 males. 



In the pre sent evaluation, the predominant shape of 
small opacities on five of the seven positive chest x­
rays was rounded, one chest x-ray showed 
predominantly megular small opacities, and one 
chest x-ray had "mixed" opacities. The dislnl>ution 
of opacities was predominantly in the upper :zones or 
in all hmg mnes 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 bas been exposed to other 
dustsinadditiontosilica.{12.1'-'"l Althoughfiveofthe 
seven pmtic:ipaots with positive chest x-rays were 
"ever" smokers, cigan:tte smoking alone does oot 
explain all the ob5erved chest x-ray abnormalities. 
"Smoking canootexplain 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. <4ll Although some have 
suggested that smoking may cause small irregular 
opacities, studiesoflarge groups of workers exposed 
to silica have fiilled to show a significant effect of 
"smoking OD the presence of small irregular opacities 
classified according to the ILO system.(4]) In 
SWllllllllY, the irregular pattern and 'mixed' pattern 
ooted on two of the chest x-rays in our survey are 
consistent with silicosis. However, other 
possibilities, such as exposure to another type of dust 
in addition to Cl)'Slalline silica prior to, during. or 
after employment at Betxeley Springs, or a 
respiratory ilmess that is not work-related, cannot be 
ruledout. 

MSHA's current slandard for resj,irable dust 
containing aystalline silica came .into effect July 
1974. As 1eported in the MSHA environmen1al 
study, MSHA bas documented past episodes of non­
compliance with its respirable aystalline silica dust 
standard at the Betxeley Springs plant. During the 
period 1988 to Februmy 1993, 9"/o (8/87) of per.;onal 
samples collected by MSHA inspectors in the mill 
area or affected downstream operations were citable 
under the MSHA standard for respirable aystalline 
silica. (44) All seven participants with a positive chest 
x-ray began wodring at Betxeley Springs between 
seven to 29 years before MSHA's cum:nt silica dust 
standard came into effect in July 1974. All seven of 
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these participants were employed for 15 years or 
more. Three of the seven participants with a positive 
chest x-ray reported previous worlc at other dusty 
jobs. Two of these three participants with other . 
dusty jobs had prior or subsequent employment of a 
length (~ 5 years) that may have made a major 
contribution to signs of silicosis on their chest x-ray, 
although the degn:e to which these participants' 
other dust exposure contn"buted to the abnonnalities 
seenootheircbestx-rayscannotbedetermined. The 
development of chest x-ray abnonnalities is known 
to be related to both dmation of exposure and to 
intensity of exposure, together known as cumulative 
exposure. A relationship beh.een exposure to 
increasing levels of aystalline silica dust and the 
prevalence of chest x-ray evidence of silicosis is 
accepted, although the precise relationship is 
unknown. (]0.'15) 

Routine medical monitoring bas been available to 
employees of the Betxeley Springs tiicility since the 
early I 950's. It is c:wrently conducted eve.y 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 worlcers 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 1ep1 :sentative 
reported that since 1990, chest x-rays classified 1/0 
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 oot routinely sent for additional readings. The 
inconsistency of chest x-ray classification among B 
readers is well doc:umented, cz.....-,.41) and use of a 
single reader bas consequences, intended or not, for 
the individual worker as well as groups of worlcers. 
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 pamcipants would 
have- been 9"/o (6/67) (see Tables 4 and S). 
Alternately, had "Reader T' been the only reader, an 
additional 28 participants would have been 
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considered 1D .have silicosis and the ~ 
amoog ·. a11.· participants would have been 52% 
(35/67): Oblaining multiple .-iings on alt i:best x­
rays is one way of minimizing n:IKb'variability and 
reduces bod! 'mlse positive' (i.e.; a .chest x-ray 
wrongly clasmied as ~itive) and .'.false negatiw' · 
(u; a chest x-ray wrongly ciassi1m as negative) 
n:su11s. Chaining multiple midings · fur the 
screening of chest x-rays fur pneumoconiosis is 
Slandard .practice fur NIOSH SIUdiesf4'JJ and the 

· federally mandated Coal Workers' X-ray 
• Sum:iIJanceProgtam (CWXSP), ""'althoughNIOSH 

basootfunnallyn:commendedmultiplemidings for 
the medical mooitoring of workers. exposed 1D 
silica.<7.n ° 10 ?I) · 

Thefieqtm:yofthemedical monitoring at Berkeley 
. Springsdiffi:rslrom the fiequeocyn:icommended by 

NIOSH fur ground Silica workers, and screening fur 
m was . not aeported .1o be part or the baseline 
examination or the periodic medical monitoring. 
Pre-placement and annual medical examinations are 
n:commeoded by NIOSH fur all workers who 
manufacbin:, use, or . handle ground silica or 
materials containing ground silica. (7) 

1. Sevm (10%) of the 67 survey participants bad a 
· chestx-rayconsistentwithsilicosis.: Availabledata 
• on age, k:nure, and disease Slalus lrom company 
records suggestlhat 10"/o maybe an unden:stima!eas 
appliedtothesludypnpulationasawhole. Although 
most(36"/o)ofthe 67 participants aqnted wooong 
in Maintenance, cases of si1ic:nsis occurred more 
fiequeotiy among those who lqlOlted Miller as their 
primary job. 

2 It is reasonable to CD11Clude that die abnnnnalities 
seen on diese chest x-tays are aan"bulable 1D past 
aysla)Iine · silica dust exposure at die Berkeley 
Springs facility.~ timewnda:datodierclusty 
jobs may have contributed to the abnnnnalities 
observed in at least two cases. This CD11Clusion is 
suppo,ted by MSHA documentation of pinr 
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episodes of D<11K0111pliance with ils n:spirable silica 
dust standard. . There wae no cases of silicosis · 
among current~ Cooner workers with IS or less 
:yairsoflenure;however,bc:causeofthelooglalency. 
,isuallyassnciatedwithelnuuicsilicosls,1hisfinding 

. is not sufficient 1D llDIIClude 1hat current aystalline 
.. silicadustexposurelevelsarewithnutadvmeeffect. 

3. The company medical monitllring practice of 
nblaining additional B l-1erclassifications only fur 
those chest x-rays · initially classified IAI or gn:ater 
.will produi:eanestirnated ~nohigherdrm, 
and ~ibly lowerdrm, 1hat nfuiooo with a single 
. n:ading. This practice &ils 1D identity positive chest. 
x-rays among workers whose· chest x-rays are 
initially 1-1 as 0/0 or wi. . 

The. following · RlCOIDllleDdati · are based on 
findin~ of the medical evaluation conducted by 
NIOSH at U.S. Silica, Berkeley Springs, MSHA 
regulations, and NIOSH policy. Recnmmendatinns 
regarding primary prevention 1hrough engineering 
controls have been provided by MSHA in a sepaiale · 
rq,nrt. .. 

· 1. The medical examination and screening 1ests 
should be available 1D all workers who work in or 
downstream of die grinding mill prior 1D job 
placement and annually lhereafter.(7) However, 
medical monitoring should not be used as a 

· substitute fur enviromnen1al c:ontrois 1D n:duce • 
woiter exposure 1D aystalline silica., . 

, . < , . 

2 Any . emplny.:e with chest X-ray. evidence of 
silicosis or pnemnnconinsis or those emplny.:es 
with puhnonary funclion impairment andfor 
symptoms ·or n:spiratOly distn:ss (fur example; 
shortnessofbrealh), should be iefi:ated fur a more 
thorough. medical evahJatim. ·' The evaluation 
shnulcl be cnnducted by a physitian qualified 1D 
advise the employee and the company whelher 
continued work-n:Iated exposure 1D aystalline 
silica dust at die Berkeley Springs plant would be 

I 

I 



associated with an increased risk of impairment 
of respiratory health. 

3. The cwrent practice of oblaining additional B 
reading only for those x-rays with a positive first 
reading cn:ates a negative bias in the evaluation 
of wom:rs fur 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 lhere is 
disagreement between the first two readin~. 

4. Skin testing fur tuberculosis (IB) should be 
conducted prior to job placement and annually 
thereafter,(12.ll.>Ul.52) with appropriate follow-up 
for definitive diagnosis and medical treatment, as 
indicated. The association of 1B with silicosis 
and silica exposure is well-known. (lO.S3.>4) Skin 
testing procedures should be in accordance with 
CDC guidelines.-

5. F.ach employee should receive a written copy of 
their medical examination results in full detail, 
whether or not the results are abnonnal, in 
addition to a summary nanative. Results should 
be provided din:ctly to the employee by the 
medical facilizy 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 din:ctor. 

7. All cases of silicosis should be reported to 
MSHA by the company, as n:quired. MSHA 
n:quiresoperatorstoreportanyminerwithsmall 
opacizy 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 disease to the West Virginia 
Bureau of Public Health.157-"1 To enhance the 
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uniformizy of reporting, NIOSH has developed 
reporting guidelines and a surveillance case · 
definition for silicosis (Appendix ll). This 
definition and guidelines are n:commended for 
surveillance of work-related silicosis by state 
health departments and regulatoty agencies 
receiving reports of cases fiom physicians and 
ocher health care providers. <12.13-"'> 
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Number or w:x1<1r1 ldenlflled 

Reaion tor Exdulllon from Study Populatlan 

• Not elfglble baaed on Job and/or tenure 

• COmpany c1e1em11r.i-- not allglble .. 
\,, 

• MIHlng recordl 

• NIOSH unable to veliff ellglblllly 

-Deceased 

• Status Unknown lllflrted/cleltc 

Number olWolklll Remaining for Study 

Pege22 

• 

TABLE1 
Determination of the study Population 

· U.S. Slllce • Berkeley Sprtngs ·· 
HETA 91-0375 

C 

CURRENT VVORKERS 

Partldpanta ~ 

78 38 

22 2 

- 12 

- -
2 -
- - .. 

- 17 

114 7 

" 

FORMER VVORKERS 

Partldpanta Non-plrtlclpa11II 

38 108 ' 
. ' 

23 4 

2 78 
.. - 1 

- 3 

- 4 

- -
13 18 

Hff/111 H«lfd IM/Ultlon Rlpott No. tf.()375 

Tola! 

283 

111 
.. 

~ 

1 

II 

4 . 

17 

83 

···~·----·';:\tt 



Employment 
Status 

Curent Worker 

Former Worker 
-

TOTAL 

TABLE2 
SbJdy Population and Participation Rate By Employment Status 

U.S. Silica - Berkeley Spmgs 
HETA 91-0375 

N Total# Nlmberd NI.ITlberd 
Elgible Paticiparu Non-Paticipanls 

116 61 54 1 

147 32 13 19 

263 93 67 26 

Health Hamtd EwhJ8lion Repo,t No. 91.()375 

Participation 
Rate(%) 

89 

41 

72 



. 
a-lARACTERIST1C 

Age(yrs) . (mecian] 

Rqe(yrs) . 

Terue (yrs) . [rne<lan] 

Ravi (yrs) . 

CigareUe Smokil IQ Slatus 

•. 

Never smoker . . 
Clll'entsmoker 

Ex-61110ker 

Pack- Years (mecian), 
Ever smokers .. 

TABLE3 
Qaa.leiislic:s dffl Pa1q)anls by Enl*7fment Slalus . 

• 

U.S. Slica-Berkeley Spmgs 
HETA91-0375 

. 

. EMPLOYMENTSTATUS . 

54CURRENT 13FORMER 
V\ORKERS· V\ORKERS 

44 . 64 

29~64 36- 70· 
. 

. . 

19.5 25 

1-41 9-45 · 

Nl.nmer % Pack-years. Nlnber % Pack-years 
[mecian] [mecian] 

· 1.1 20% - 4 31% ·-· 
22 41% XI 0 - ·-

> ' 

. 
21 39% 16 9 69% 28 

. 22 28. 

Ever SI ,iOkers =Curert and Ex smokers Clll11bii ll!d 

"-24 · 

~- . -4 ' 

TOTAL 

49 

29-70 
. 

21 

1-45 

Nl.nmer % Pack-years 
. (medan] 

15 22% -
22 33% XI 

30 45% 16 

23 . 



TABLE4 
Chest X-ray Results by Reader fa' 54 Participating Current V1k>r1<ers 

u.s. smca -Berkeley Springs 
HETA 91-0375 

READER 1. READER2 READER3 

iafiJsion SimShape ~sl* ProrusiDn SiZIIISlmpe ZOne(s) ProrusiDn Size ISi mpe ZOne(s) 

OIO 1AI . sl 2,3,5,6 OIO 

OIO OIO OIO 

OIO 1AI sp 2,5,6 OIO 

OIO 1/1 qp Al OIO 

1111 qs 1,2 1/1 ps Al OIO 

00 OIO OIO 

OIO OIO OIO 

1111 sl 2,4,5 1AI pq Al 1AI 1u 1,2,4,5 

OIO OIO OIO 

OIO 1l0 sl 2,3,5,6 OIO 

OIO OIO OIO 
.. 

OIO OIO OIO 

1,'Q qt 1,2,4,5 1Q qp 1,2,4,5 1/1,A "' 1,2,4,5 

OIO 1,'0 ps 1,2,4,5,6 OIO 

OIO 1,'Q ss 2,3,5,6 OIO 

OIO 1,'Q sl 2,5,6 OIO 

OIO 1AI ps AR OIO 

OIO 1,'Q pl 2,3,5,6 0/0 

1/1,A "' Al 112, B qp 1,2,3,4,5 2/1,B "' 1,2,4,5 
. 

OIO 0/0 0/0 

OIO OIO 0/0 

OIO 0/0 OIO 

OIO 00 0/0 

OIO OIO OIO 

OIO 0/0 0/0 

OIO 1/1 . sl 2,3,5,6 0/0 
1 ,2, and3mn -dlolhe . -- -· 6 I .. 
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MEDIAN - FlmQually 

OIO 1 

OIO 1 

OIO 1 ., 
OIO 1 . . 
1111 1 

OIO 1 

OIO 1 

1l0 1 . 

OIO 1 

OIO 1 . 

OIO 1 

OIO 1 
/ 

1/1 . 1 

OIO 1 

OIO 1 

OIO 1 

OIO 1 

OIO 1 

112, B 1 

OIO 1 

OIO 1 

OIO 1 

OIO , 
OIO 1 

00 1 

00 1 
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TABLE 4 (aintinued) 
Chest X-ray Resulls by Reader b" 54 Palicipatii IQ Current Wners 

U.S. Sica - Berkeley Spri1Js · 
. HETA91-0375 · 

READER1 READER2 READER3 MEDIAN 

PldusiDn Sizi!'SI~ Zllne(sr PldusiDn Sizl!Smpe Zllne(s) PldusiDn · Size!Sllape Zllne(s) Pdlsion . Rm Qually 

00 . 00 00 00 . 1-
. .. 

00 1/1 Ill .. ,. 00 00 . 1 

00 . 1/1 IP. . ,. . 00 00 . 1· . 

00 00 00 00 1 
. -00 00 00 00. 1 • . . 

00 00 00 00 1 
. 

00 00 . 00 00 1 . 

00 1,11) pq ,. 00 00 2 

00 
.. 

1/1 Ill 2.3.5.6 .. 00 00 1 

00 . 00 00 00 . 1 

00 00 00 00 1 

00 ·1A) Ill ,. 00 00 1 

00 .. 00 00 00 1 

00 00 00 00 1 

. 00 00 00 00 1 

•. 00 1/1 Ill ,. 00 00 1 

00 - 1,11) Ill ' 2.3,5.6 00 00 1 

00 00 . 00 00 1 

00 00 . - 00 00 1 

00 1A) Ill 2.3.5.6 00 00 1 . 

00 1,11) Ill 2.3.5.6 00 00 1 

00 1A) as 2,3,5,6 00 00 1 

00 00 00 .00. 1 

00 00 00 00 1 

00 1,11) 1ll 2.3.5.6 00 .. 00 1 
. 

00 00 00 00 ·. 1 
. 

. 
00 00 . 00 . 00 1 

00 ·00 ... 
. 00 00 1 

• 1,2, and3CD,-dlDlie,vt-.-.and-zmes, ,mpec:INely; -4 ,5,and6--I dlDllelilft and -·-- -....... 
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TABLE5 
Chest X-ray Results by Reader fo!"J3 Participating Fonner W:xkers 

U.S. Sifica - Berkeley Springs 
HETA 91-0375 

READER1· READER2 READER3 MEDIAN 

Sim/Shape Zone(s)* - Size/Slape Zone(s) -- Size/SI ,ape Zone(s) - FbQually 

2/1,B rq Al 112, B qp Al 212,B rq 1,2.4,5 211,_B 2 

00 1/1 st 2,3,5,6 00 00 1 

00 . 112 st 2,3,5,6 00 00 1 
. 

00 . 00 00 00 1 

UR 112 sp Al 00 WI- 2 

1IO If" Al 2/2 qt Al 212,A rq Al 2/2 1 

00 . 1/1 pp Al 00 00 1 

00 00 00 00 1 

00 1/1 st Al 00 00 1 

00 00 00 00 1 

00 1IO 8S 2,3,5,6 00 00 1 

1IO qs . 1,2.4,5 1IO st Al 00 1111 1 

UR 112 pq Al 2/2 qq 1,4 211~ 1 

1, 2, an! 3w.,_d llltle ,vht-. -· anl-zmes. ,espedi,el,;-4, 5, an! 6con-d 1111he lall-. -. an! --
: The-181 snal apac:ily p,dusion .r....Tcaliuii was W1 wit. afimqually9COIII = 2. The ll8Bl aJUl'l'l illCOI ... ...;. lhis-181--.g. 

The .. Iii·•- apac:ily p,ofusion I ;,;. mi,, was 2/1 wit. a fim qually....., z 1. The ll8BI a,um inco,po,*8 lhis ••Ii ,181 i9llllng. 

Hea/lhHazllld~Repa,tNo. 91-0:375 ,._ZT 
"' . 
-· . 

: -· --. ' . 

'· 
. ',i 



.... 

Years of Employment 

.. 0· 15 
• 

. 6-10 
,. 11-115 

16-20 . 

21 Ind UD 

. 

TABLES 
Lung Function Impairment by Years a'/ Employment 

and Cigarette Smoking Status for 67 Participants 
U.S. Slllca • Berkeley Springs 

HETA 91-03715 

NeverSmokffl 
N•15 . 

Impaired .. 
N N 

n % 

0 0 - 3 

1 0 
.. 

2 -
2 0 - 5' 

5 0 - 15 

7 1 . 14 27 

1 . 7 . -~? 

•. Each a'/ these cens lncludn a participant with ~ 1 o years employment at a prior or subsequent dusty Job .. 

Ever Smokffl 
N•27 

Impaired 

n % 

1• ' . 33 

0 -
2" 40. 

15• 
' 

33 

10• 37 
4A, 

• 

PIQeff Health Hue EVlfuet/on R9po,t No. 91.c371S 

.. ' TOTAL 

Impaired 

N n % 

3 1 33 

3 0 -
7 2 29 

20 15 215 

34 11 32 

AT . JL. 

' 



TABLE7 
Age, Length of Employment, Experienq! in Other Dusty Jobs, Cigarette Smoking, 

and Small Opacity ~from Company Records 
by Employment Slalus and Participation 

U.S. Silica - Be!keley Springs 
HETA 91-0375 

- • __ <• 

CURRENTVI.ORKERS FORMER 'MJRKERS 

Participa ds ~ Pa1icipa, ds Non-participanl 
N=54 N=7 N=13 N=19 

~) [median) 44 41 64 64 

~-
Range(yrs) 29-64 31-60 36-70 32-76 

'IUle (yrs) [median) 20 20 23 20 

Range(yrs) 1-40 1~ 8-45 ~ 

ier n....iv Job Cs\ Number % Nlnlber % Number % Number % 

Yes 39 72 4 51 8 62 12 63 

No 15 28 3 43 5 38 6 32 

Unknown - - - - - - 1 5 

arette Nlnlber % Nlnlber %@ Number % Number % 

Cunent 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 

Unknown - - - - 1 8 1 5 

Number % Number % Number" % Number" % 
aDOpacily 

lusion "' 1t'O* 4 7 0 - '2' 17 El' 31 
igle B reading) 

. 

allOpacily 
lusion;, 110 3• 6 - - - - -
ing additiol ial B 
dings) 
n:a llages do not add to 100 due to mining. 
delermined by the d fficalion closest In tme prior to the NIOSH sm,ey by a single B reader. 
> Classification rrisu1g ilr 1 partic:ipali.g ancl 3 non-participati formerWOlkers; all four had a dncal radiology report on file. 
I chest x-rays taken prior to 1990. 

' 

e chest x-ray had a second reading but lid not reach ainsensus; a second chest x-ray had a single reading (211,B) and is incbied. 

· Health HszatrJ -Raport No. 91-0375 
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APPENDIX! 

PROTOCOL 
MSHAINIOSH GROUND SILICA Mlll.S1UDY · 

.. 
1lis pduwl desai>es a joint M"re Safety and Health Admi is11alion (MSHA) and Natiol ial lnstiUe for 
()ca.,ational Safety and Health (NIOSH) project ID study sifica expos! re and the pevalerice d silicosis 
i"I workers il ground silica mils. MSHA selec:led the mil portiol IS d nile ground silica operalicx IS, 

. based on one or more dthe followirlJ aleria: (1) one or more cusla di IQ lliolalia IS dMSHA's · · 
respirable silica &131 ldald and a tistory d overexpost.-e ID 1espirable silica; (2) size dthe mills, bolh 
large and sman, based on nmierd elll)loyees; {3) Ilse d advanced conlrol 1ed1 iClogy; and (4) a 
rep es e tali11e runber d gromd silica mills tom each Metal and NOi meCal Mine Safety aid Heallh 
Dislric:l Nine mills were chosen b" the study rather lhan all sixteen beCBl ise d the two year tine tame 
(fiscal years 1993 -1995) plal I 18d lo COi, ,plele the sbidy. A 1st d the sixteen mills is puvided i"I 
A11aJ ii ler'lt 1 aid a 1st d the rine Sele cfed mils is ijYer1 i"I A11aJ 11 leflt 2. NOi ICOl, ,plance with 
MSHA's re,pi, allle_ silica sta, daid is i dcaled on the altachi, 1e1 a: · 

In late 1991, when the selection was made, six of the sixteen mils were selected using ailetia runber 
one. U.S. Silica Company's Berkeley MiD and Counbia Mill, and the Nicks Silica Canpauy MiD had no 
cuslai di IQ respi,allle silica ViolaliOI IS. The Berkeley Mill uses many advanced COi i, .Js and is the 
laigest miD. The Cohmbia MiD, a large mil and Nicks Sica Canpany, a small mil i"I MSHA's 

· Soulheastem District, were selected using aieria runbertwo and fctr. There ae ground silica mils i"I 
fctr dthe six Metal and NOi metal M"a,e Safety and Heallh Disbids and each dthese fctr Disbids ae 
rep,e s erled i"I 1he study. 'Three mils were selected tom the &uh Central District aid North Cenlral 
District, two mills were selected tom the Soulheastem District, and one mil was sele cted 1iom the _ 
North ea 5 lem Dislric:l . 

MSHA will evaluate silica dust expoues i"1 the 9 selected gromd silica mils.. NIOSH will estimate the 
pevalence d sil"ICOSis i"I active and fom .er workers i"I the same 9 nills. N. the m, ,pletion of the study, 
MSHA will issue a report on Ii idi ,gs d each mill and a st.mrnay d all mills. 

L BACKGROUND 

Gnuld sifica particles ae hazardous clie to their respirable size and higl m D::1., ation rA ayslalline 
sil",ca, a known cause d nonmalignant respiratory else as e (silicosis) and possible cause d 1L11J ca icer. 

A NIOSH feasibility study dthe adequacy d company records for a proposed NIOSH study d silicosis 
was released i"I 1990. Examination d fctrindustrial sand facilities' B Reader reports bni 27% d 
workers with > 20 years work expei iei ,oe had smaD opacities on x-ray.' The fe ibifity study was d 
industrial sand mills of which ground sifica was a smset. 

- Hazan1 Evaluation Repo,t No. 9141375 
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D. PROTOCOL OBJECTlVES & METHODS 

The following p, otocol desaiJes the joint MSHA/NIOSH study and. identifies responsibilities for each 
part of the projed. . 

1. NIOSH and MSHA will inform management and employee rep, ese1 llalives about the project prior ID 
iilialion. 

(a) Enba,,ce and dose-out meetings wiD be held with local mai iagement and employees 
or employee rep, es e 1lalives at each site. 

(b) Al anent and former employees will receive i1vilations tom NIOSH ID participate i1 
. the medical portion of the study. 

2. NIOSH will radiographicall examine curent and former employees at the 9 selected ground sifica 
mills for evidence of silicosis. 

(a) Postel iol'-81 lterior racliographs will be taken, randomly mixed, and independenlly 
classified for pneunoconiosis according ID the 1980 ILO system by two NIOSH certified B 
Readers. If the two R!8Cings do not agree on smaft q>acily profusion, a lhirtl reading wffl 
be oblained and the mecian rea<il 19 wiD be used ID define an abl 101T1 ialily. A chest x-ray 
showing opacities of profusion category ~ 1.0 i1 a ground silica mill WOlker wiD be 
categorized as consistert with silicosis. The B Readers will riot be i 11'ooned of any 
exposi re history and the films will be masked of identifying information. The same three B 
Readers will be used throughout the entire projed. 

(b) Participanls with a recent chest x-ray (within 1 year of the curent NIOSH suvey) may 
provide the chest x-ray ID NIOSH ID be read, rather than have a new chest x-ray taken 
di.mg this evaluation. 

(c) Al participants will receive written nolificalion of their chest x-ray resulls. Persons 
fol.l'1d ID have abl IOITI 181 chest x-rays will be encouraged ID coosut their personal 
physician. 

3. NIOSH will administer a questiomaire which elicits occupational history, demographic information, 
respiratory symptoms, and smoking history. 

4. NIOSH will obtain pertinent records held by the companies. 

(a) NIOSH will copy pertir ient medical and personnel records. 

(b) Review company medical records for diagnoses suggestive of siflCOsis. 

(c) Collect personnel records showing detailed work histOI ies for rurrent and former 
WOlkers. 

Health Hazant EvaluaUon Repo,t No. 91--0375 Page31 
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5. NIOSH will evaluate the sunoray blction status of the participal 11s 11.-ougl spi DI ,ielry 1es1ii ,g. 

(a) Spioo ieby will ca d'Qm1 ID the Amel iali, lhorac:ic: Society's aleria for saeei ii ,g 
spi DI netry. 

(b) Al paticipal 11s wil receive wrllen nctification al their spironieby restts. Persons · 
fi:uld ID have abl IOITI.al restts will be enauaged ID conut their persa ial physician. . 

6. MSHA will delermi1e 8lCpOSlle levels of a ,,ploye es at the 9 gnxnl silica mills. 

(a) aitiir1 and canpme recads of past respirable silica dust aamplil ,g perfamed by 
. MSHA and the gnxnl silica mill opaatt.w. 

(b) Sample aDjob c:lassilicalious in the ml portion aflhe '*1e selected gnxnl silica mills. 
,- . . . 

(c) Cle, Wider MSHA regmlions, any overexposue ID respirable silica dust deleimi ied 
fi'om MSHA samples. 

7. MSHA Ted I ic:al Sl4)pOl1: will evaluate the effeclilleness of dust ca ibuls in the selected mills. 

(a) Observe and measin the performance al dust ca ibuls. Evaluate mainlenance, 
hol isel :eepr,g and work pradices and how they effect dust ca lb al. 

8. · MSHA wil evaluate respiato.y pcAedion p,ogians at the 9 gnxnl silica mills. 

(a) Evaluate respiratory p,ogia,,s ID delermi1e if they meet the mininlm req,.nmeru of 
ANSI 2882-1969, Prac:tices ForRespntory Ptulectioi~ as naidaled byllle 30 CFR. 

• Part 56.5005, when iespiralors are leqlired, ·The mirinun reqliremenls are Isled in 
Allactmert 3. 

9. NIOSH and MSHA will report resuts of their suveys as fellows: 

(a) NJOSH reports wiD su ,111a1 ize Ii ICil IQS of medical suveys. incluclng the prevalence of 
siicosis ama ,g participarlls overall, by miD, job, and terue if feasible. 

(b) MSHA wiD issue repa1s combi1 Ii ,g Ii dngs af NIOSH and MSHA for each of the 9 
mills selected as well as a smmary report. 

(c) Each agency will review and ca 1111e11t .on all repa1s prior ID release. 

- Hazan! &a/uation Repo,t No. 91.a:375 
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(d) lrdviclual mm reports and summary report will be provided to the industry associations, national 
U1ions rep es e ,ti ,g workers in the groll'ld silica industry, participating miff mai ,agement and employee 
repre se tali.es, and olher interested parties. 

Ill. STUDY POPULATION 

H a.nent (estiniated 332) and former workers (estimated mmber mknown) of the 9 miDs to be 
sb ded wiD be invited to participate. No further follow up wiR be made to eligible idviduals who do not 
parlicipale. 

ADDENDUM: FURTHER STUDIES OF 1WO SOUTHERN IWNas GROUND SILICA MIU.S 
PREVIOUSLYSTUDIED BYNIOSH IN 1979 (11-01982AND 11--02051) 

L BACKGROUND 

In 1979, NIOSHwas requested to provide Techlic:alAssislance to MSHAattwo gn:uid sif,ca mifts.12.31 
Through medical and envirorvnental surveys, NIOSH determined that a signilicart health hazard 
existed at these miDs due to overexpesu-e to respirable quartz. Focty-fou' percent of workers with 

. greater than a year experience in one miff were found to have x-ray evidence of sif.cosis. Twenty­
seven percent of the workers with similar work histOI ies in the olher mills were also found to have x-ray 
evidence of silicosis. Of 65 rurrent and former workers with ~1 year exposure studied in the two mills, 
7 cases of progressive massive fibrosis were discovered by NIOSH. 

In response to these tinc:1ifllS, NIOSH in 1981 issued Cl.rrent lnteffigence Bulletin 36, "Sifica Flotr. 
Sif.cosis (Crystalline Silica)", desa ibing a significant respiratory tazard in sif,ca flour miDs from 
respirable quartz. (4) 

I. OBJECTIVES AND METHODS 

1. NIOSH will estimate the incidence of new cases of silicosis among workers at the two mills. 

(a) ·Toe x-rays of a..rrent and former employees of the two mills will be compared with 
. . those previously taken in 1979 to identify any new cases of sif.cosis delleloping since 

1979. 

2. NIOSH wiR compare the prevalence estimates of silicosis found in the 1979 Tech lic:al A&&islai ice 

suveys of two soulhem IRinois groll'ld silica mills to the c:urent estimates of prevalence for those two 
miDs. 

(a) Methods 2 (a) and {b) OISQ .ssed in the study protocol. 
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(b) Re la••ify the x-rays taken by NIOSH i'l 1979 at these two mills acx:acli ,g to the 1980 ILO 
dass.licalion syi;lem. (1hetilmslakeni'11979were, I sified used the 1971 lLO.f sif.c:alioo . 
system). The B Readem will not be made aware when more than one fim on a, idvwal is to be 
• I sffied. The films wiD be ra ldomly mixed ll"ld , I s i'ied i'1depel ldenlly. The sane three B Readem 
will be used h'oughcu the entire piojecl 

.3. NIOSH will evaluate the change i'1 spiometrt reds ama,g the workers previously exami1ed i'1 
1979. . 

(a) . Ca, ,pare a, idvidual worker's 1979 spi Oi, ielry reds ID those obtained i'1 Ins sludy. 

4. NIOSH wiD l'eview the il,plerne, iiation cl rec:01,111e1 ~ made i'l lhe 1979 NIOSH Techi ica1 
Assis ta ,ce IUVey repo-1s (HETA Nos. 79-1~108 a,d 79-104-107). The~ rec:011111e1 idalioi IS 

. were made: a ,gil e e~ a,d work prac:lice irTpol,ernem ID reclJce 6l!e siica exposues belowlhe 
NIOSH RB.; pet ioclic envirol 111e1 dal fflOi ilOi i ,g cl siica exposues by lhe opeialOi, respiratory 
pi uledion wtile the elfediveness cl lhe engine eri ,g WI .. ols are evalualecl; al workers 81Cp06ed to 
silica clJst not examil ied i'l lhe NIOSH sludy shlUd &nlei'go W111p1ehei ave medical examinalions; 
workers with ndogapl'lic evidel ,ce cl silicosis shoud be 9V811 lhe opporbriy to 1ra ISrel to jobs . . 
wittm silica exposie; rment workers wilh purnonary Uldion i'l,pail,,ient be evaluated by a qualified 
physician ll"ld advised whelhel to conlinJe i'1 a CUily trade; medical examilalions shlUd be perfocmed 
at tist exposi 11e to silica clJst a,d at yearly inlervals; bagged siica flcu shotJd be correctly latl ele ct and 
contain appiopiiale health Wamq)S. . . . . . 

(a) Review company industrial hygiene rec:Oids. 
(b) Review WI I ,party respiratory plotedion progi ail L 

(c) Review employee medical and persomel rec:01ds. 

(d) Review prcxlJct bag labels. 

II • REFERENCES 

1. Amandus H [1990j. A feasibility sludy cllhe adequacy cl Wl,,pany rec:Oids for a propmed NIOSH 
sludy cl sllCOSis i'1 i1duslrial sand workers. Fnal report to Direda, NIOSH. Morgartown, WI: U.S. 
Department cl Heallh and tbnan Services, Pl.tic Heallh Senrice, Cenlers for Disease Conlrol, 
· National lnstih4e for Oca ipatiol .al Safety and Health, Division cl Respiratory Dis e a se Sb Illies, · 
DHHS (NIOSH) . 

. , -
2. NIOSH [1979). Hazan1 evaluation a,d fectri:al es sis lai ice report Tamrnsco, h iaxpoialed: . 

Tanms, llinois. Morgantown, WV: U.S. Department of Health, Education, ll"ld Welfare, Pl.tic 
Heallh Service, Centers for Disease Conlrol, National lnstifuleforOccupalio11al Safety_aid Heafth, 
NIOSH Report No. HHE 79-104-107. 
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3. NIOSH [1979), Hazard evaluation aid tectviical assistance report IOinois Minerals Company: Elco, 
1Dinois. Morgantown, 'WI/: U.S. Depar1ment of Heallh, Educalion, and IM!lfare, Plmlic Health 
Service, Centers for.Disease Conlml, National Institute forOcci l!l8liol ial Safety aid Health, NIOSH 
Report No. HHE 79-103108. 

4. NIOSH [1981). Cim!l'lt lntelrigence Buletin 36: sifica 1lolr, siflCOSis (aystalline silica). Cincinl iati, 
OH: U.S. Department of Health and Human Services, Pullie Health Service, Centers for Oise ase 
Control, National lnslituleforOccupational Safety and Health. DHHS (NIOSH) Nllicalion No. 
81-137. 
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ATTACHMENT 1 

GROUND SILICA MIU.S.: 1991 
. 

Northeastern Disbict Emplo.ees 

U.S. Slica Co.' Berkeley Plart 102 

Soulheaslem District 

. 38-00027 . Sparta, M"nerals Co. PacoletMiD 21 
38-00138 U.S. Sica eo.· Coluntia Plant . 50 
38-00299. Unimin Corp. . lnni1-Lugoff, 19 
-40-02937 Nicks Sica Co. . Nicks Sica Co. 13 

North Cerni Disbict 

11-01013 U.S. Silica Co. • Ollawa Plart 94 
11-01580 Unimin Corp. Troy Grove Plart 18 
11-01981 Unimin Specialty Min. Plant(NC) 30 
11-02051 Unimin Specialty M"111. PlantJMill (NC) 22 

·33-01354 Central Slica Co. Glass Rock Qua1y (NC) 34 
33-01355 Cenlral Sica Co. MiDwood Sand Div. 25 

Souh Central Disbict 

03-00299 Malvern M"merals Malvern Minerals 19 
Sandstone (NC) 

23-00504 AmericanT~. Inc. Arnet ican Tripoli, Inc. 12 
(NC) 

23-00544 U.S. Silica Co. Pacific Plant 30 
34-00377 U.S. Sica Co. Min Creek Plart (NC) 50 
41-01059 Unimin (Texas) Corp. Unimin (Texas) 20 

NC - Noncompliance 

---Roporf No. 91-6315 
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ATTACHMENT2 

GROUND SILICA MILLS -1991 

Northeastern District Emplqvees 

46-02805 U.S. Sifica Co. Berkeley Plant 102 

Southeastern District 

38-00138 U.S. Siica Co. Coltmbia Plant 50 
40-02937 N"ICks Silica Co. N"ICks Silica Co. 13 

North Central District 

11-01981 Unimin Specialty Min. Plant(NC) 30 
11-02051 Uninin Specialty Min. PlantNlill (NC) 22 
33-01354 Central Sifica Co. Glass Rock Quarry {NC) 34 

:-,:· 
n 

South Central District 
I-_;. 

03-00299 Malvern Minerals Malvern Minerals 19 
Sa11dsto11e (NC) 

23-00504 American T'1)0fi, Inc. American Tripoli, Inc. 12 
{NC) 

34-00377 U.S. Sifica Co. Mill Creek Plant {NC) 50 

NC· Noncomplial ice 
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. ATTACHMENT3 

Minimum Requirements of ANSI ZBS.2-1969 

(1) 1he operator must establish a wrillen slai idaid opaatil ,g procecue goven*1g the sele die,, aid 
·. use of the respialoi. · · · 

. - . -

{2) The opei ato, must select the respialoi s on the basis of the hazads ID which the wor1cer is 
exposed. The respiator nust be MSHMJIOSH approved for the specilic hazads. 

(3) The respi ate, user shall be i1slructed and trail ied ii the proper use of respiralDrs and their 
lmilalions. The minimt.m trailli,g shall ilcludethe folowU1J (as quoted from~ ZB82-1969): 

· a lnslruction ii the naue of the hazard. whelhel acute, c:ta01 lie, or balh. and a complele 
.. appiaisal of what may happen if the respialoi is not used. 

,._38 

b. Explanation of why more positive control is not irrme<ialely feasible. 1lis shall ilclude 
recogi ilioi, that f!N8f'/ re o, iable effort is beir,g made ID reduce or eliminate the need for 
respiaturs. . 

c. A disa ISSion of why this is the.proper type of re.pi, ator for the particmr p.apose. 

d. A disa ,ssion of the respi, ator's , at ealities and 1inita1ions. 

e. lnslruclion and 1rairing ii actual use of the respil ator (especiafty a respi ate, for emergei q 
use) and close and tequent lql8IVision ID enst.re that I c:omooes ID be properly used. 

f. Classroom and field II Iii ling ID reav,ize and cope wilh emergency sib ,alions. 

g. Olher special trail Ii ,g as needed for special use. 

Traini111 shall provide the emptQy e es an iJPPOihl'1itY ID ha de the respialol, have I filled 
properly, test Is faoepiece-to-fa seal, wear I ii nom ,al air for a kn.J famiiariy period, and, 
finally, ID wear I ii a test abnosphere. 

. - ffaza,rl- Report No. 11-0315 
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(4) R testing 

Al respi,atoc wearers must be fit tested before~ negative presst.re respirators. ANSI 
2882~1969 does not require fit testing of positive pre s sure respirators. Use a validated 
Pl otocol for fit testing. 

(5) The ope, ator must keep records ID stXM that the proper respirator was issued ID the respi, ato,­
wiearer. Tiis is usually accompished by reconil IQ the fl test results for each viearer, aklllJ wilh 
the dale that the wearer received the respirator. 

(6) Respiatcn shall be cleaned and disinfected. Respirators used routinely shall be i ispeded · 
di.mg deal~- Worn or deterkxated parts shaD be replaced ID maintain MSHAINIOSH 
approval. ANSI states that c:lea ii IQ and maintenance shaH be done "as frequently as 
nee e ssary ID ensure proper pi otedion is provided ID the wearer.• 

(7) Emergency-use respirators must be thoroughly inspected at least once per month and after 
each use. Keep a record cl the inspection dates and fnfings. 

(8) Respirators shaH be stored i'1 a convenient, clean aid sa, iilai y location. The respirators must 
be stored i'1 a manner that potects them against contamination, ternperaue extremes, and 
other polenlially damaging conditions. 

(9) A single ildividual must administer the respiratoiy pi otedion program. Tiis individual shaft 
regularly evaluate the effec:tilleness of the program. Monitoring will be conducted regularly to 
ensure that the selected respirators continue to provide appropriate protection to the wearer. 

Health Hazant Evaluation Repott No. 91-0375 
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ATTACHMENT 4 

· PART 12 (a} OBJECTIVES AND METifODS 

Postel kll:.a llel ior racioglaphs will be taken, ra ldomly nixed, 111d i ldepel lder1ly cl ffied ti:Jr 
pneunoconiosis ac:c:011:il ig tottie 1980 ILO system by three NIOSH c:el1ified B Readers. The ... mecial-.-n . 
realll ig will be used to report an abl iorma'ily. A chest x-ray ~ opaclies d profusion category~ 
1i'O in a ~ siic:a ml worker will be catego, ized as CXli ISistent wilh sili<Xlsis. The B Readers will not 
be id'o.med danyexposue history. The lims will be masked d~ iUomialiorL The same B 
Readers will be used lhrou!11Cd lie enli'e p ojec:l . 



Reporti IQ Gudefmes 

APPENDIX II 1121 · 

SURVEILLANCE GUIDELINES: SILICOSIS 

State health depll'tmenls and regulatory agei Ides should ermnge physicians (nclucirig radioloyisls, 
patholo-Jsls, and olher health care providers) lo report all ciagl IOSed or SI ispeded cases of slicosis. 
These reports should include peniOI IS with 

- a physician's provisional or wor1<i1g diagnosis or silicosis, OR 

- a chest radiograph intetpleted as consistent with slKX>Sis, OR 

. .- pathologic findings consistent with slKX>Sis 

To set pi icriies fer workplace im,estigatioi is, Stale health departments and reguatay agei K:ies should 
collect apJJI Op! iate clnical, epidemiologic, and workplace i lfu1Tl181ion abot.t peniOI IS reported lo have 
silicosis. 

SurveiDance Case Deli, iilion 

A. 1: History of occupational exposure lo airborne sifica dust 

AND 

2. Chest radiograph or olher inaging tech lique i 1te.J)I eted as consistent with sifKX>Sis 

OR 

B. PaH dogie li'lc:flllQS characteristic of sifKX>Sis 
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·· for llllfonnation an lhller · 
· · 1CC1111ationa1 Safety and Beafth Concerns 

Call llOSR It: 
HOIH5-IIOSR 1356-46741 

arllsll lhe IIOSR lomepage It: 
IIIID://Www.alc.gov/Dlosh/homepage.llbnl 

,..,tff f; i. . Delivering on the Nation's promise: f..j!_/j, • Safety and health at work for all people 
through research and prevention 

' ' 




