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by the Nationill Institute for Occupational Safety and Health. 
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SUMMARY 

In July 1991,.1he National Institute furOccupatiooal Safety and Health (NIOSH) rec:eiwd aRqUeStfurteclmical 
assislance from the Mine Safety and HealthAdminislration (MSHA)loe<timarethe prevalence of silicosis among 
active and retin:d miners at U.S. Silica Company's Columbia plant, in Caya,-W. Colwnbia, South Carolina. . 

Cum:nt and funner workers with one year or greater cumulative tenure since 1970 in the grinding area of the mill 
or in areas downslream (by material processing) of the grinding process rep ! s !ltd the population of primmy 
inlua..t OnFebrumy24-2S, 1994,amedicalevaluationofcum:ntworlrerswasconciucted. Fonnerworkerswere 

• tested on Februmy26-27, 1994. The medical evaluation included aquestionnain; spiromelly, and a single view 
posluior-anterior(PA)chestx-ray. Oiestx-rayswere independently classified a:cording1Dthe 1980 Intemational 
Labour Office (ILO) system by three NIOSH-catified B n:aders who were unaware of the participant's age. 
occupation. occupational exposure, smoking histoty, or any identifying information. For the purposes of this 
evaluation, silicosis was defined on 1he basis of a chest x-ray with median small opacity profusion classification 
of category ll'O or greater. · 

Thirty-five (90"/o) of 39 cum:nt workers and 11 (65%) of 17 funner workers who met the study aiteaion 
participated in the NIOSH medical evaluation. Of these 46, fuur(9%) had a chest x-ray coosislurtwith silicosis. 
Thehigbestmedianll.Oprofusioncateg01ywas'2i1.. Twooflhefuurbadachestx-rayconsisleutwithprogte&ive 
massive fibrosis (PMF). 

Twelve (27%) of the 45 participants who performed spirometry bad abnonnal patterns; all 12 exln"bited an 
obstructive hmg pattern. Abnormal spirometry patlut.s were present in all fuuroflhe participants with a positive 
chest x-ray ... 

U.S. Silica's medical monitoring includes all of lhe scm:ning tests recommended by the National Industrial Sand • 
Association (NISA) as well as those recommended by NIOSH fur workers exposed 1o ground silica. NISA's 
airreo1: guidelines also n:commcnif multiple readings of all chest x-rays with a small opacity profusion 
classification of ll'O or greater and S-10% of those chest x-mys classified as 0/1 based on a single reading. 
Since 1990, the company rq.ortedly sent chest x-mys initially classified ll'O or gn:aler by a single reader fur 
additional classifications. Oflhe company records we reviewed. chest x-rays initially '"llissified as negative (0/0 
and 0/1) were not routinely sent fur additional readings, and the practice of sending dtest x-rays classified ll'O or 
greater fur additional readings was oot consistent. 
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Four (91'.4) of the 46 ~ participants who met the study aiterion were found to have chest x-ray findings 
consistent with silicosis. These results are consistent with patterns of crystalline silica dustexposure at this facil.ify. 
There were no cases of silicosis among current or funner workers with 15 or~ years of employment; however: 
because of the 1oog latency usually associated with chronic silicosis, this finding is not sufficient to conclude that 
current crystalline silica dust exposure levels are without adverse effect 

The company medical monitoring practice of obtaining additional B reader c~ of those chest x 
initially classified 1/0 or greater may produce an estimared prevalence no higher than and posstl>ly lower than 
obtained with a single reading, and 1hose workers with a positive chest x-ray whose chest x-rays are initially 
as 0/0 or 0/1 will not be identified. · 

Recommendations are presented in this report and include obtaining at least two readings of all chest X: 

regardless of the initial small opacity profusion chmification. increasing the frequency of medical m · · 
examinati~ and modification of the baseline and routine examinations to include skin ~g for tuben;ulosis 

. . 

Keywords: SIC 1446 (Industtial Sand), Silica, Silicosis, Mineral processing, Ground si~ Silica flour 
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INlROl:JtJCTION 
In July 1991, the National Institute forOa:upatiooal 
Safety and Health (NIOSH) received a n,quest for 
technical assistanceftoin the Mine Safety and Heahh 
Administration (MSHA) to estimate the prevalence 
of silicosis among active and retired miners at U.S. 
Silica Company's Columbia plant, in Cayce -W. 
Colwnbia, South Carolina. The medical evaluation 
was part of a joint project between MSHA and 
NIOSH to study silica exposures and the prevalence 
of silicosis in workers in a number of ground silica 
mills. A ptotocol outlined the responsibilities of 
each agency (see Appendix I). MSHA selected the 
nine sites for 1his study and was responsible for the 
evaluationofaystallinesilicadustexposuresaswell 
asdustcootrolmethods. NIOSHwasresponstlllefor 
conducting medical evaluations at each site. This is 
1he final report of the NIOSH medical evaluation 
conducted at U.S. Silica Company's Columbia 
_tacility. 

On Februaly 10,1994, two NIOSH 1qxesenlalives 
met with QOIJljl8Dy 1ep.esenlalives, the titcility's 
Miner.;' Repiesentative, several employees, and a 
MSHA rep. :s :ntative to discuss logistical and 
administrative . considerations of the NIOSH 
evaluation. On Februaiy 23, 1994, an opening 
meeting was held with company representatives, the 
Miners' Reptesenlali¥e, and a 1ep1ese.,lalive from 
MSHA to discuss the ensuing evaluation and to 
address any last minute questions. The meeting 
concluded with a walk-through of the plant 

On Februaiy 24-25, 1994 the medical evaluation of 
cunent workers was conducted. FOIUler worlcers 
were tested on Februaiy 26-27, 1994. All study 
participants m:eived written notification of their 
spiromeby results in March, 1994. All chest x-rays 
were promptly reviewed by a pulmoomy physician 
for evidence of acute health problems upon return to 
NIOSH and prior to the classification process. All 
study participan1s m:eived written n¢ification of 
theirchestx-lll)'results in December, 1994. 

Health Haza,d Evalualion Repo,t No. 93-0795-2783 

In 1993, each company with a site, or sites, selected 
by MSHA for evalualion, was asked by NIOSH to 
providemedicalandpersonnelreconlsofcunentand 
former employees who bad worked at least one year 
~ 1970. Of the nine sites, thn:ewere U.S. Silica 
operations, one of which was 1he Cohimbia plant In 
March of 1995, following negotiations and Jega1 
proceedings, a settlement was n:ached concerning 
NIOSH access to company medical and personnel 
records. U.S. Silica agreed to extract, copy, and 
provide the reconls of current and former worlcers 
whom the company detmnined bad met the NIOSH 
criterion for entry into the study population (i.e., one 
year or gxeater cumulative reome since 1970 in the 
grinding area of the mill or in areas downstream by 
material processing of the grinding process). The 
production ofreconls for all thn:e U.S. Silica sites 
beganinJuly 1995,andwascompldedinNovember 
1996. 

BACKGROUND 
U. S. Silica Company's Columbia plant was 
construcll:d in 1962 and bas been in operation since 
1hen. Beginning with two grinding mills, U.S. Silica 
(formerly Pennsylvania Glass Sand) increased its 
silica-grindingcapacityinthe 1960'sandagaininthe 
1970's with the inslallation of a total of four 
additional grinding mills. In 1994, U.S. Silica's 
Columbiaplantwasthe largest producer of industrial 
ground silica in the United Slates. A miners' 
representative, selected by the employees, 
rqxesented employees at this plant At the 
Columbia plant, silica sand is mined from a nearby 
open-pit operation and transported by overland 
conveyor to the plant for processing. After 
removing impurities, the sand is dried, classified.and 

· milled. The bagging operation was eliminated in 
1980, and all products are bulk~loaded into railroad 
carsortrucks. Atthetimeofoursurveyin 1994,the 
plant operated production procc ss, s 24 hours a day, 
seven days a week, with s-bourshifbcbedules. Four 
5-pcnon production 1eams rolated periodically to 
cover the seven-day operations. Maintenance 
personnel worl<ed 8 am. - 4 p.m. five days a week. 
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Maintenanc;e oc:cum,d wa:kly on Mondays during 
1he first (daylight) shift. No milling or grinding took 

place while maintenance activities - performed. 
A 1Dlal of 48 employees ("mc:luding clerical and 
salaried anployees) wodted at 1he Cohnnbia plant 
The departments 1hat were part of 1he · Cohnnbia 
operation were Production, wbic:h included mining, '· 
milling, and load-out; Maintenance; and 
Adminislrative/lerical Slaff: The main. job 
catego,:its aff..:ted by 1he grinding pocess were 
Control Room 0peiatu., Mill Helper (Mill 11e1per 
duties include woiting in 1he mill and clean-up), 
Bulk Loader,. Lab Tedmiciao, Mainlmaoce 
(mechanics and eleclricians), and Superviso1y 
personnel (e.g., shift supmisor Ill' foranan)._ 

MEraODS 
Study Objective 

The pimary objective of lhe SIUdy was ID emmate 
and report 1he pn:valence of silicosis among 
participating cmreot and funner employees in 1he 
grinding area and/Ill' downsln:am (by malerial 
processing) of lhe grinding-. by tmun: and job, 
if feastl>le. To assess any bias in 1he prevalence 
emmate caused by lack of fu1I participation in 1he 
medical survey, demographic c:haracleristic and 
disease slalUs · of participanls and living non­
participanls who met 1he SIUdy criterion were 
canparedusing infurmationoblainedfrom company 
records. 

Campany medical monitoring progtams and 
· practices wm: also examined and evaluared as 
factorslhat affect silicosis prevalence and conlnl>ute 
towards its prevention. 

Study Population 

The SIUdy population was defined as all c:unmt 
~andlivingformerworlcerswhobadoneyear 
Ill' greater' cumulative lalun: since 1970 in 1he 

l 
' 1 

grinding area oflhe mill Ill' in an:as downslleam of 
1he grinding process. 

· Tbecompanypuvidedaroslerofallcunmtwodcers . 
and a roster of former workers employed fur one .-: 
year Ill' more since 1970 •. We mailed letla-s ID 1he ' 
workers on these lllSlers inviting 1hem ID pmlicipilll, ' 
in 1he medical evaluation. Additionally, l 
advertisements were placed in loca1 newspapers 1D · ! 
n:acb lhosewodcerswhomay haw: mova1 wilhin 1be · I 
local area Ill' Olherwise may haw: fililed to ·Reeive a 
letter. To avoid inadver1ent cm:rsigbtof an eligible 
wuker with prior experience in 1he grinding area Ill' 
an:as downsln:am of· 1he grinding·· process, all 
identified wor1cers were invited lo participate· 
~ of wort area or length of employment. 
_Fill' c:unmt wor1cers -who .chose to participate, 
eligtl>ility for inclusioo in 1he SIUdy population was 
determined using information from 1he COlllpany, 
company records, 1he medical evaluation, and 
MSHA. Fill' former· workers who chose ID 
participate and were list.ed 00 1he company rosier, 
eligil>ility was determined using infurmation from 
1he medical evaluation, company RC01ds, and 
· company information n:ganling eligil>ility when no 
'records were puvided [t.e.. correspondenc;,). If a 
funnerwukerwas not lisb:d oo 1he company rosier, 
eligil>ilit;y was determined using infoimation from 
the medical evaluation, compmyinfonnalion,and/Cll' . 

companymiordswbic:hwaesubseqtientlyprovided. · 
We relied on 1he company to identify eligi"'ble non­
participatingc:unmtandfunnerworkersandpuvide 
their records. 

Data Collection · 

Posterior-AnteriorChestX-Ray 

Cltest x:-nys were 1aken oo a full size (14 x 17 inch) 
film. All chest x-nys were .-I indepeo211lly by 
three B readers. who, widiout knowledge of 1he 
participant's age, occupation, occupational exposure, 
smoking hislory, Ill' any identifying infonnalion, 

classified 1he · films a:couting lo 1he 1980 ILO 
lnlemational . Classification of . Radiographs of 
Pneumoconioses. ro A B reader is a physician who 



. bas demonslrated the ability ID classify chest x-rays 
for the pneumoconioses (dust diseases of the lung) 
using the ILO Classification System by p!SSing a 
certification examination administered by NIOSJL 

The NIOSH-catified B readers used in this project 
had each clasmied at least SOO chest x-mys for the 
4th round of the NIOSH Coal Workers' X-Ray 
Surveillance Program. They bad also participated in 
a pilot study which entailed a reading trial of over 
400 films of anthracite miners in preparation for a 
cum:nt exposure-respon study using National 
Study for Coal Workers' Pneumoconiosis films. 
After determining that NIOSH B reader cei tificatioo 
was not due ID expire any time between June 1993 
and December 1994, the readers were contacted and 
inte.est and availability ID read chest x-mys fur the 
present study were ascertained. The same three B 
readers were used 1hrougbout the entire project. 

The ILO classification method is used for 
_epidemiological research, for the smveillance of 
workers in dusty oa·,npatioos, and for clinical 
purposes. The method recognizes two major 
categories of opacity size: small (s I centimeter) and 
large (> I centimeter) .(7.) 

The profusion (i.e., number) of small opacities are 
recordedusingagraduated 12-pointscalewithinfour 
major categories (0, I, 2, 3). A major profusion 
category of O indicates no apparent abnormality, 
while 3 indicates subslantial abnormality. Film 
classification is achieved by comparing the subject 
film with the appearance of"standard films" which 
define small opacity profusion. In classifying small 
opacity profusion, the final detmninatioo of major 
category is listed first. If a higher or lower major 
category bas also been seriously considered, this 
category is also listed after a slash mark. If there is 
no question as ID major category, the two listed 
numbers are identical.<l.2l 
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Thus, the small opacity profusion scale is as follows: 

Size and shape of the small opacities are also 
classified, both being differentiated using the 
letters of the alphabet Two letters are used ID 
record size rm millimeters (mm)] and shape, the 
first listed letter indicating the predominant type. (1.2) 

llplol.5""8 U-311111) J..IOnm 

p q r 

s t u 

To record the distnliution of the small opacities, the 
lungs are divided in1D six mnes-three on the left and 
three on the right, for the upper, middle, and lower 
portions of the lungs. <l.2l 

Three categories are used ID define large opacities 
acconlinglD size [measured in centimeters (cm)]: A, 
8, and C.111 Categoty 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 >5 cm whose combined area is less 
than the equivalent area of the right upper lung zone; 
CategotyCisoneormoreopacitieswhosecombined 
area is greater than the equivalent area of 1he right 
upper lung zone.<l.2l 

The technical quality of the chest x-ray ( or film 
quality) is graded and recorded using four scores, I, 
2,3,or4. A "l"tepicsentsthebighestquality, while 
a "4" repcesents a chest x-ray consideted by a reader 
as "unacceptable"or"unreadable"forclassification 
purposes.<'.21 
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Spirometry 

Spirometry was perfu,med using a d.y roUiog-seal 
spirometer inlerfaced ID a dedicated computer. At 
least five maximal expimtOly maneuvers were 
iec:onled for each person. All values were a1uec:IECI 
ID BTPS (body tanperatun:, ambient pressure, 
salunded ~ wale!" vapor). The lmgest fun:ed vital 
capacity(FVC)andfun:edexpirato.yvolmneinone 
secood (FEV ,> were the paramete.s seleclECI for 
analysis," n:gardless of the. curves on which they 
oa:mred. Testing procedures rmf.xw.:d ID the 
American Thoracic Society's nx:m,mendatioos for 
spirometry.tJI Predic:11:dvalueswen:caladalrdusing 
the Knudson,efaenceequations. l4l Predic:11:d values 
for Aftican-Americans were detennined by 
multiplying the value pn,dictal by the Knudson 
equation by O.BS.111 • 

Question..naire 

Amodifiedve.sion oflhe Medical Resean:h Council 
(MRC) questionnaird'> Oil respimtOly symplDIDS, 

supplemented with questions concerning 
demographic infonnation, work histoiy, cigarette 
smoking habits, physician-diagnosed respimtOly 
illness, m:quency and wnteutofcompany medical 
evaluations,andparticipant'sknowledgeofpriortest 
n:suits, was administered by trained NIOSH 
paso,mel. 

" Medical and Personnel Records 

F.ach company was asked ID provide medical and 
personnel .ecords of current and funner employa:s 
who bad worked at least one yair since 1970. · 

Three types of company-held documents · were 
identified from which the pn:sence or absence of 
ii. . ~, __ _. ILO classificati" ' 

SLICXlSIS was .... ,,,rauu,;u - _ ODS, · 

clinical radiology reports (a chest x-lily .epoit by a 
radiologist), and miscellaneous docmnents (e.g., CT 
scan n:suits, _ letters from physicians; etc.). The 
fi>llowing case definitions for silioosis were 
established for each type of docmnent· 

I. An ILO small opacity profusion classification 
of 1/0 or g.ealel" on the most m:ent chest x-my. 

-. 2. A clinical ~ iqlOlt which contained 
· explicitwordsorpluases indicating the presence 
of silicosis (e.g., "silicosis" or· • 
"pneumoconiosi or other descriptions 
CXlllSidered. ooosisb:nt with si1iaJsis (see I 
"Results", section). . 

3. A physician diagnosis of silioosis, or a 
diagnosis of pneumoconiosis if silioosis was 
cmsidered in the differential diagnosis. 

The case definition used in the analysis depa ded on 
thetypeof ,eoo.dsoblained from the company. ll.O 
classifications -were CX111Siclered ideal and the 
p.efened docmnent type for definition, fi>llowed by 
clinical mdiology repo.1s, and finally miscellaneous 
docmnents. Thetef.xe, if all dm:e types of 

: docmnents were available for an individual, ILO 
· classifications were used ID identify silioosis (case 
. definition I). If company mxxds only coolained 
dinical radiology. reports and miscellaneous 
documents, case definition 2 was used. Case 
definition 3 was used when only miscellaneous 
docmnents were available. 

Medical Monitoring 

The 1981 NIOSH nx:m,mendatioos for medical 
monitoring of workers exposed ID ground silica . 
(silica flour), !71 and Cle recommendations published 
by 1he National lnduslrial Sand Association (NISA) 
forwo.kers exposed IDgysbllline siJicaMwereused 

. as the basis to evaluate company medical monitoring 
praclices. . 

EVALUATION CRITERIA 
ChestX-Ray 

Achestx-mywasdefinedasCX111Sislentwidi.silicosis 
if the median, or middle, classification of small 



opacity profusion by the 1hree B readers was 1/0 or 
greater. Forcaseswbereonlyonereaderconsidered 
a film of uruicceplllble quality, an additional 
classification was sought. If the film was considered 
unacceplllble a second time, it was then classified as 
wueadable (UR). However, if the film was able to 
be classified, this classification was used to 
determine the median. and the results were 
subsequently used in the data analysis. This 

· procedure was followed so as not to give undue 
weight to the judgement of a single reader. 
Progressive massive fibrosis (PMF) was defined as 
the presence of large opacities ofILO category A, B, 
or C classified by at least two readers. 

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

Spirometry 

To identify participants with abnonnal spiromeby 
patterns of obstruction and restriction, each 
examined worker's test results were compared to the 
95th petcentile lower limit of normal (LLN) values 
oblained fiom Knudson's referenceequations.<41 Five 
percent of a normal population will have predicted 
values that fill! below the normal range, or LLN, 
while 9So/o will have predicted values above the 
lower limit 

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

Obstructio11: Observed ratio of FEY1/FVC",1, below 
the UN. 

Restrictioll: Observed FVC below the UN. 

Questionnaire 

The following definitions were established for the 
purpose of questionnaire analysis: 
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Chronic Cough a cough on most days for as 
much as 3 months during the 
year. 

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

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

Chronic Brollchitis cough and phlegm on most 
days fur as much as 3 months 
fur 2 ormore years. 

Medical Monitoring 

The 1981 NIOSH recommendations fur medical 
examinations of ground silica workers include a 
medical and occupational history, chest x-ray, and 
pulmonmy function resting (spirometry) for all 
workers prior to job placement and annually 
thereafter.(7) The 1977 NISA guidelines 
recommended ob1aining a medical and occupational 
history, physical examination, and pulmonmy 
function testing every two years. A chest x-ray was 
also recommended, but fiequency was not 
discussed 11> The current NISA medical monitoring 
guidelines, part of NISA's Silicosis Prevention 
Program which was established in 1993 and 
published in 1997, recommend a medical and 
occupational history and physical examination prior 
to job placement and at least every two years 
thereafter; pulmonary function resting and a pre­
placementskintestfurtuberculosis(IB)areoptional 
components of the medical monitonng program. A 
chest x-ray is also recommended, with fiequency 
detennined by worker age, time since first exposure 
to crystalline silica dust, or as determined by a 
physician if a worker has any signs or symptoms of 
silicosis. l'l For a worker who is 3S years of age or 
less, or over 35 years with 8 years or less since first 
exposure.NISAguidelinesrecommendachestx-ray 
every 4 years. The fiequency increases to every 2 
years for workers over 35 years of age with more 
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than 8 years since first exposure. l'l The c:urrent . 

guidelines also l"'AXIOlmeod multiple n:adings of all 
chest x-rays with a small opacity profusion 
clasmication of Ml or greater and S-10% of those 
chest x-rays classified as Oil based on a single B 
reading. l'l . . . . 

Silicosis 

Silic:osis, a form of poewnoc:oniosis, is a chronie 
fibrotic: puhnonmy disease caused by 1he inhalation, 
deposition, and retention of dust c:oomining 
ayslalline silica. (1111 · Silicosis is usually diagnosed 
lhrough chest x-my and occupational history of 

. exposure to silic:a-c:ootainin dust. In nodular 
silicosis, hmg . tissue ffllds to 1he presence of 
ayslalline silica dust by forming nodules, which Oil 

chest x-my typic:ally appear discrete, round, and 
more prominent in 1he upper zones, although o1her 
patterns have been descnlied.. <7.•~12,JJ.M.1>1 Such 
radiographic: abnormalities are often 1he first sign of 
silicosis. 

In . acute . silicosis, 1he hmg is oveiwbebned by 
ayslllllint: silica particles, and a poo:inaa:ous fluid 
acc:mnulatt:s in 1he hmgs as a n:action to 1he silic:a 
dust (7.I0."-1'7J On chest x-my, 1he appearance is 
diffaeut from 1bat of nodular silicosis, with vay 
little of the typieal nodular scarring. (7.11.19) 

Consequently, it may often be'mis-diagnosed as 
pubnonary edema or poewnooia. 

Thefullowinglablesummarizes1hecliniealformsof 
silicosis: 

NODUIAll 

Chronic • Low 

Amlualtd 5-)0ycn High 

ACUIE 

F.ach form is differentiated by time to onset of • 
.· eliniealiy 8PJ18ienl disease after initial exposure 
. (mduction period), inlwsityof exposun; and1hera1e r 

at which 1he . disease prog. : s.!7.io.n.111 The 
peicadageof ayslalline silic:a in 1hedust, sizeof1he 
dust particle, form of ayslalline siliea, and length of 
exposure also · affect disease onset and 
progressioo.!7.J9.llll .Ground silic:a (silic:a flour) I 

coosislsof essentiallypureayslallinesilic:oodioxide 
. particles (1he quartz polymorph), ofm,pirable.size 
(< 10 miaometas). CIUI) Partielesoftbis size may be 
invistl,leto 1he naked eye and llre small mough to be 
deposited in 1he alveoli Frahly ground, or 

· ftaclured, ayslalline silic:a-wbich is a typieal form 
of siiic:a in ground silic:a filcilities .;;. may be more 
toxieorfibrogeuie (i.e., produce more scarring of1he 
hmgs) than aged stliea. CZUUS) 

A c:ootinuum is thought ID exist bctween 1he c:hronie 
and accelerated forms of nodular silicosis. Factors 
detennining1heprogressiooofdiseasearewiclear.(M) 
Chronic silico.sis (1he p mce of deteetable, 
discrete, nodules <Ian in diameter on chestx-my) is 
1he most eommoo form of silicosis and usually 
becomes evident after IO years or more of exposure 
to dust c:oomining aystaJline siliea. (IO.IUO) There 
may be few, .jf my,. elinieal symptmJs; the most . 
eommoo symptoms are aiugb, with or wilhout 
sputum produetion, and shortness of breath. There 
may be little ornodeaeuieut in pulmonary fimctioo. 
kcelerated siliomis is associated with higher 
exposures to ayslllllint: silica and bas a shorter 
induclion period than chronie silicosis. Cliest x-my 
aboormalities usually appear within S-10 years.C>Ol 
This form of silicosis often progresses after exposure 
bas been discontinued. Acute silicmis may develop 
in a few weeks to 4 or S yars after initial e:xposwe 
and is associated with exposures to e:xlreulely high 
eoneentrations of crystalline silica.<'•-11.26> 

Respiratory impainneutisseverewithacute silicosis, 
and 1he disease is usually fillal within a :yau- of 
diagnos. (11.19) 

IS. ' . 

Both ebronic and accelerated siliaisis ean become 
compliealed by 1he developme:nt of infection and/or 

· prog.essivemassivefibrosis(PMF). lnfectioos(e.g., 



tuberculosis and/or fungal infections) are believed to 
result from the inability of the overwhelmed lung 
scavenger cells (macrophages) to kill the organisms 
that cause these diseases !Z7.21l Progressive massive 
fibrosis (PMF) has at times been called 
"complicated" silicosis, and is the result of silicotic 
nodules fusing into large masses. PMF profoundly 
affects both the struclUre and function of the 
hmgs.(10,1~12,IS) 

Recently, the lnlemational Agency for Research on 
Cancer (IARC) niclassified crystalline silica (quartz 
or cristobalite) from occupational sources as a 
substance "cmcinogenic to humans," and evidence 
suggesls that individuals with silicosis are at 
increasedriskfurlungcancer.(29.JIIJNIOSHcum:ntly 
recommends that crystalline silica be considered a 

. potential occupational carcinogen.l31.32l 

RESULTS 

The Study Population and 
Participation 

Table I outlines the nwnber of current and former 
workers who were originally identified for study, the 
nwnber of workers excluded (and the reasons), and 

· the total nwnber of workers who remained to make 
up the study population. 

Of 4S cum:ntemployees, eight current workers were 
determined to be ineligible(i.e~ they did not meet the 
study criterion) and were excluded from the study 
population. Eligibility could not be detcnnined by 
NIOSH for one participating current worker. A total 
of 39 current workers were eligible for inclusion in 
the study population. 

Of42funnerworkersidentified,24weredetermined 
to be ineligible, and the records for one worker were 
missing. Eligibility could not be determined by 
NIOSH fur one participating funner worker whose 
name was not listed on the company roster. A total 
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of 17 former workers were eligible for inclusion in 
the study population. 

Ofthe39cum:ntworkerseligiblefurinclusioninthe 
study population, 35 {90%) participated in the 
medical survey. Ofthe 17eligiblefunnerworkas, 
ll (65 %) participated. Thus, of 56 eligible workas, 
46 (82%) participated (Table 2). 

Medical Evaluation 

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

Demographics 

Forty-five {98"/o) of the 46 participants were males. 
Twenty-nine (63%) were white and 17 (37%) were 
African-American. Age, tenure, and cigarette 
smoking status of the participants are presented in 
Table 3. Cwrent and funner workers differed.· 

. pimarily with regards to tenure and cigarette 
smoking status. Former workers were employed fur 
a shorter median length of time(6 years)than current 
workas, who were employed for a median of 15 
years. Fourteen (40%) of the 35 current workers 
were employed for JO years or less, four(l lo/o)were · 
employed between ll and 15 years, eight (23%) 
were employed between 16 1D 20 years, and nine 
(26"/o) were employed for over 20 years. Among 
funnerworkers, 10{9lo/o)ofthe ll were employed 
fur IO years or less, and one former worker was 
employed for over IS years. A greater pmportion of 
funner workers were cum:nt smokers (55%), and 
funner workers bad a slightly higher median nwnber 
of packyears ( one pack-year is equal to smoking an 
average of one pack of cigarettes per day for a year). 
However, a greater proportion of current workers 
{71%) were "ever" smokers (that is, either a current 
smoker or a former smoker) than funner workers, 
64% of whom were "ever' smokers. An average 
(mean) of IO years bad passed since funner workers 
bad left employment. The median nwnber of years · 
since leaving employment was eight, and funner 
workers bad left the Colwnbia plant between four 
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months and 20 years prior to the time the NIOSH 
-· -- - evaluation was condiicred -

Primary Job and Dus6est Job 

Overall, 16 (35%) of the 46 pulicipants .epo,11:d 
-holdingtheirprimaryjob(the job held fur the longest 
period of time) in Maioteoanc:e, 10 (22%) .epo,11:d 
working as a Mill Helper, 9 (20"/o) i;qxxll:d a 
primary job as a Conlrol Room Ope.ator,four(9%) 
.epo,11:d a primary job in a supervisolypositioo, and 
-three (7"/o) of the participants .epo,11:d worting as a 
Lab Technician. The fuur mnaining participants 
.epo,11:d I.nacting orworkingasaMinerin the quarry 
as a primary job. Maintenance was tq,orll:d by 13 
(37%) of the 3S cunent woikersastheirprimary job. 
and eight (23%) iepo111:d Control Room Operator. 
Five (45%) of the ll former WOikers .epo,11:d Mill -
Helper as their primary job; while three (27"/o) 
.epo,11:d working in Maintenance.. 

- ' . 
Both Mill Helper and Mainteoaooe were .epo,11:d 
with the gteatest m:queocy byc:um:ntworkersas the 
single dustiest job at the plant. Mill Helper was 
.epo, 11:d byformerwoikers asthesingledustiestjob. 
Mainteoaooe and maintenance a:tivities, such as 
repairing ordiangingthe bags in the dustcolleciors, 
fullowed in m:quency for both cunent and former 
workers. -

Other Dusty Jobs -

A total of31(67%) of the 46 participants 1epo111:d 
prior or subsequent employment in occllpldions or 
induslries that might have been IISSOCiated with 
exposure to fibrogenic dusts. These included 22 
(63%) of the 3S cunent WOikers and nine (82%) of 
the I l former workers. When the infonnation was 
-examined by employment slatus and tepo111:d 1llllure 
in such jobs, 10 (45%) of the 22 cunentwoikers and 
1hree (33%) of the nine former workers reported 
employment in such jobs for five years or less, and 
eight(36%) cum:nt workers and I\W (22%) former 

- workers reported working at such jobs tietween six to 
- IOyears. Four(l8%)ofthe22cunentworkersaod 
fuur (44%)-of the nine former workers .epo,led 

employment at such jobs for over IOyears. The i;ype , 
of wodt repotll:d included conslnJCtioo, road work, 
mining and/orquany work, and welding. 

Chest X-Ray Results 

AJI Participants t 

I 
Overall, fuur(9%) of the 46 participants bad a chest f 
x-ray coosislmt with silicosis. The highest n.o 
small opacity profusion caleg<>iy among the 
participants was '11].; Two of the fuur bad a chest x­
lllY coosisreot with PMF: me bad -0" mie _ large 
opacities DOied by all 1hree readers, and the second 
bad large opacities DOied by I\W readers (me n:ad 
them as" A" size, the other as "8"). All of the chest 
x-rayswerelakenbyNIOSH. Forty-dm,e(93%)bad 

. a median film quality score of l(thebighest), I\W 
(4%) bad a median quality scare of2, and me bad a 
median scare of 3. · 

· The praloininant shape of the small opacities was 
- .:examined in ielation to cigarette smoking Slalus for 

the fuurparticipants with lt-'ray evidence of silicosis. 
All fuurofthe participauls were "ex-smokers," and 
the chest x-rays of all fuur showed small opacities 
that wae predominantly IOUilded and aff.:ctiug the 
upper zones. 

Of the fuur participants with a positive chest x-ray, 
·I\W rqxxll:d holding a primary job (the job held for 
the longest period of time) in Maintenance, one 
.epo,11:d a primary job as a Conlrol Room Ope.ator, 
and one held a supervisoly position. The pattem of· 
primary jobs fur these fuur pu licipants is similar to, . 

' and a reflection~ the pattem obsenledamongall 46 -
- participants. Themedianageofthefuurparticipants 

was S6 years and their median 1llllure was 26 years. 
_ Threeoflhe fuur participants with a positive chestx-
-lllY 1epo111:d working at another dusty job. Two of · -
_ the three worked for less than five years, and one 
worked for over 10 years. · 



Current Workers 

Table 4 lists the chest x-ray results by reader for the 
3Scurrentlyworkingparticipants. Theprevalenceof 
silicosis among currently working participants was 
9"-4 (3/35). None of the 18 current workers 
em~loyed IS years or less bad a positive chestx-ray, 
while duee (18%) of the 17 participants employed 
over IS years bad a positive chest x-ray. All duee 
were employed fur over 20 years. One of the duee 
participants with a positive chest x-ray was between 
40 and 49 years of age, and two were over SO years 
old. 

Former Workers 

Table S lists the chest x-ray results by reader for the 
11 participating former workers. One (9"/o) former 
worker bad x-ray evidence of silicosis. None of the 
IO former wodrers employed IS years or less had a 
positive chest x-ray. The one former worker with a 
positivechestx-raywasemployedover IS years and 
'was over 60 years old. 

Chronic Symptoms 

A tolal !)f IS (33%) of the 46 participants reported a 
chronic symptom or health effect, as defined in the 
"Evaluation Criteria" section of this report; eight 
were current workers and seven were former 
workers. Dyspnea (shortness-of-breath} was 
reported by eight of the participants, and six reported 
chronic bronchitis. Four participants reported 
chronic phlegm, and two n.ported chronic cough. 
Twelve (80"/o) of the IS symptomatic participants 
were "ever" smokers. Three of the four participants 
with a positive chest x-ray were symptomatic. The 
most fiequently reported primary job held by 
symptomatic participants was Maintenance, and their 
median tenure at the Colwnbia plant was seven 
years. The median tenure of the 31 asymptomatic 
participants was 12 years, but the difference in 
tenure between 1hem · and symptomatic participants 
(seven years) was not sllltistically significant 
(p=0.87, · Wilcoxon rank-sum). Symptomatic 
participants had a longer median tenure in other 
dusty jobs (4 years) than asymptomatic participants 
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(2 years), but this difference was not statistically 
~gnificant (p=0.22, Wilcoxon rank-sum) either. 

Respiratory Illnesses and 
Conadions 

~~ian-diagnosed asthma was reported by duee 
parttc1pants. Chronic bronchitis, emphysema, and 
tuberculosis (113) were each repoited once. · Seven 
participants reported otherphysician-diagnosed hm 
conditi 

g 
ons: one iqxxted unspecified chest x-ray 

changes, a second reported a fungal infection, and 
five iqxxted silicosis. Of the five participants who 
1epoited physician-diagnosed silicosis, four bad a 
positive chest x-ray. Thirty-four (74%) of the 
~ipants reported no physician-diagnosed 
respuatory illness or condition. 

Spirometry 

Forty-five (98%) of the 46 participants pedinmed 
spirometry, and 12 (27%) of those had results that 
fell below the normal range. These included seven 
(20%) of the 3S current workers and five (SO%) of 
IO former workers. All four of the participants with 
a positive chest x-ray had abnormal spirometry 
results. All 12 of the participants with abnormal 
spirometry exhibited an obstructive pattern. Eleven 
(9?/o) of the 12 with abnormal patterns were 'ever' 
smokers: six were ex-smokers and five were current 
smokers. Five of the 12 participants with an 
abnormal pattern held their primary job in 
Maintenance, duee worked as Mill Helpers, and two 
reported Control Room Opetator as a primary job. 
The two remaining participants reported worlcing as 
a Lab Technician or in a supervisory position. The 
median tenure of the 12 participants with abnormal 
patterns was JO years-no different from the median 
tenure (10 years) of the 33 participants with normal 
spirometry results. The median tenure in other dusty 
jobs for those with abnormal patterns was 9 years, 
which was different statistically (p=0.04, Wilcoxon 
rank-sum) from participants with normal hmg 
fimction (whose median tenure in other dusty jobs 
was one year). 
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Company Records 

Campany n:conls cmtaioed infurmation OD age, 
1mm1:, cigan:tlesmokinghistory, workinolherdusty 
jobs, and small opacity profusion classification fur 
all 39 (100%) of the eligil>le cwrent workers. All 
eligil>le cwrent workers wen: male. Race was 
recmled fur 17 (44%) of the 39 eligil>le cwrent 
workers. Fifty-nine perc:ent (10/17) of the cwrent 
workers wen: while and 41% (7/17) wen: Aftican.. . 
American. . 

The m::ords of furmer workers wen: ks., complele. 
Of the. 17 eligil>le furmer workers, n:conls wen: 
entirely · mming fur four participants. . Race was 
recmled fur only one of the 17 eligll>le furmer 
workers, and of the 13 furmer workers fur whom 
information on sex: was avmlable, I l (15%) wen: 
male. 

Age, tmun; cigarette smoking habit, work in 01her 
dusty jobs, and chest x-ray infurmation was 
examioedbyanploymentstatusfurbolhparticipants 
and ooo-participants (fable 6). · .. The four non­

par1icipating cwrent workers diffen:d ftom the 35 
participating cwrentworkers with regards to median 
age and length of employment and the nmnber of 
individuals with a positive chest x-ray (defined as 
small opacity profusion ofl/0 or greater) based on a 
single 8 Rading. Non-partic:ipati current workers 
wen: llightly younger than the participants and had 
less t1um half their median tmure. Of lhe four non­
participating current workers, one had a positive 
chest x-ray (classified 2/1), one had a chest x-ray 
clas.fflied Oil, and two wen: classified 0/0. Three 
participants had positive chest x-lliys (one was 
classified 1/2 with •A' sm: large opacities, and two 

lass. ified 2/1 with 'A' and '8' sized large wen: C . 
opacities,aespectively) .. Ofthe32~chestx­
aays, 9wen: classified Oil and23 w.:aeclassified 0/0. 
The chest x-rays wen: classified by the same B 
reader between 1990 and .1994. 

Nm-participating. foamer workeas diffen:d ~ 
participating fonner workeas fur each characteristic 
or -variable examined. Non-participatin funner 

workeas wen: older and wen: anployed fur mon: i 
: than twice lhe median tmure of the furmer woateas 

•. who participated. Based on the 13 available ll.O ' 
· classifications, none of the noo-participati furmer 1 

workeas had a positive chest x-ray, while one · 
participating funnef worker bad a positive chest x­
aay (classified 1/2 with '8' sm: large opacities). Of 
lhe 12 n:maining chest x-aays, three bad a small ' 
opacity profusion cJassificatioo of0/1 and nine wen: 
classified 0/0. · These chest X-rays wen: classified 
between 1979 and 1993 by the same B ieader who 
classified all. of the dtest x-rays of lhe cligil>le 
current worteas. . 

U.S. Silica Company bas consislently used standard 
furms to collect medical and . work history 
information. F.xcept furchestx-ray infonnation, the 
portions oflhe furms used ftom 1979 onward and 
RlllCived by NIOSH weae, fur the most part, filled out 
by. lhe individual worker. The work history 
infurmation found in these furms was often · 
incomplete. . Persomiel n:conls povided by lhe 
company were used in coojunction with these 

· slandanl funns, and otbeas, to assemble work· 
histories and supplement olher mming information 

. whenever pDSSll>le. . . 

Company Medical 
Monitoring 

Routine medical monitoring bas been conducll:d at 
the Colmnbia plant since 1962. The initial 

· monitoring was offered annually and included a 
physical examination and a chest x-ray that was 

. reviewed by a coobld radiologist F.mployee 
· participation in lhe medical monitoring was optional 

' up mrtil 1979, at which time the company i4llJb;d 
·. the 1977 National lndusbial Sand Association 

(NISA) orr.npatiooal health progaam guidelines and 
recommended medical monitoring. Paaticipation by 
hourly employees in the monitoring then became 
mandatoay. Medical monitoring consistent with 
these guidelines (see Evaluation Criteria), including 
achestx-ray, wasconducll:deveaytwoyears. Office 
and adminisbative anplaya:s wen: examined every 
4 years. ·, Examinations wen: completed by a 



physician in Cohnnbia. and all company chestx-rays 
were sent ID the same B reader for classification. A 
company 1qa Si utalive reported that beginning in 
1990, chest x-rays with small opacity profusion 
classification 1i'O cir greater were sent for additional 
Rllldings ID other B readeis. An annual chest x-ray 
was obtained if achestx-raywas classified 1/0 based 
on a consensus of the additional Rllldings. This was 
the medical monitoring in place at the time of our 
survey in 19'J4. The medical records, except for 
chest x-rays, were kept at U.S. Silica's coip,ll8te 
offices in locla!d files separate from personnel 
records. Chestx-rayswerekeptbytheBreader. No 
medical records were maintained at the plant site. A 
company 1qxmtative reported that the company 
medical di.ector fo.warded nanative n:poi1S of test 
resultsinsealedenvelopeslDtheplantmamiger, who 
ensured that each employee signed a docmnent 
indicatingreceiptofbisor her individual medical test 
results. F.mployees with abnonnal test results were 
encouraged ID see their personal physician or ID call 
thecompanymedicaldirector1Ddiscusstheirresults. 

All 3S of the participating cmrentworke.s and seven 
out of l O participating funner worke.s reported 
takingpartineitherpn,-placementorroutinemedical 
monitoring offered by the company. (The results for 
one former wodrer were not included based on the 
questionnaire n:sponse ). Forty-one of the 45 
participants reported having had a chest x-ray as part 
of a past company evaluation. Twenfy-seven (77%) 
of the 35 cmrent worlcers and three former worlcers 
were able ID recall their company chest x-ray results. 
Eight cmrent workers, one of whom bad a positive 
company chest x-ray, either didn't know or didn't 
recalltheircompanychestx-rayresultsatthetimeof 
our survey. Eight funner workers reported having 
bad a recent chest x-ray, but for other reasons. 

Subsequent ID the NIOSH survey, U.S. Silica 
implemented NISA's volunta.y Silicosis Prevention 
Program and its medical monitoring guidelines. The 
monitoring consists of a medical and occupational 
bisto.y, physical examination, chest x-ray, and 
spirometry prior ID job placement as baseline, and 
eve.yotheryear. Chestx-rayscontinuelDbesentlD, 
and kept by, the same NIOSH-certified B reader who 
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has classified chest x-rays for the company since 
1979. Since November 19'J4, U.S. Silicahasutili7.ed 
the se.vices of a mobile health testing company ID 
conduct its routine medical monitoring. Pre­
placementexaminationscontinuelD be conducted by 
a physician in Columbia. Skin testing for 
tuberculosis (IB) was not one of the screening tests 
offered in l 9'J4, either as part of the pre-placement 
examination or the routine medical monitoring. 
Cmrently,aTBskintestisobcainedifanemployee's 
chest x-ray is classified 1/0. Medical data from the 
routine medical monitoring are kept by the mobile 
health testing company in electronic funn. Original 
examinationresults,exceptforchestx-rays,continue 
ID be main1ained at U.S. Silica's corpo.ate offices in 
separate locked files with access limited ID the 
medical director, the vice pn:sident of administration 
and his start: and the legal department The 
procedure for notifying individual employees of their 
test results has remained the same as it was in 1993. 

DISCUSSION 

Four(9"/o)ofthe46cmrentandformerwodrerswho 
participated in the medical evaluation were found ID 
have changes on their chest x-ray consistent with 
silicosis; two of the four bad PMF. The prevalence 
amongcum:ntlyworkingparticipantswas9"/o(3/3S). 
The four participants with a positive chest x-ray bad 
been employed for a median of 26 years and their 
median age was 56. All four of the participants with 
a positive chest x-ray were ex-smokers. 

The availability of recent (1990-94} ILO 
classifications for all 39 eligi"ble current workers 
from company records permits a comparison of the 
estimated prevalence of chest x-ray-defined silicosis 
with the results from the NIOSH medical survey. 
The company-based leadings are not biased by 
selective participation, since ILO classifications 
were available for aJl 39 current workers. Based OD 

company records and classification by a single B 
reader, four(IO"/o} of the 39 cmrent workers had x­
ray evidence of silicosis ( defined as small opacitY 
profusion 1/0 or greater}. Although the company 
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,epo,tedly sent chest x-mys with small opacity 
profusion dassiooitioo 1/0 or gn:ater fur additional 
readP!f." beginning in 1990, only ooe of these four 
chest x-mys (all four chest x-mys wm: dated 1992 -
1993) bad more than ooe classification completed. 
A lDlal of three readings were completed fur this ooe 
chest x-ray, and the median classification .anained 
:i, 1/0. Thus, even when additional classifications 
wereiakeninlocoosideratioo,thenmnberofeligible 
cum:nt wodrers with x-ray evidence of silicosis 
.anained the same (4). It is not lmawn if any of the 
3S n:maining chestx-raysclassified 0J0 or0/1 would 
bavebeenreclassifiedaspositive(l/Oorgn:ater)bad 
they been sent fur additional n:adingi Considering 
just the 3S participating cum:nt workers in the 
NIOSH swvey, the prevalenc:e of . silicosis in 
company chest x-mys was 9% (3/JS). The thn:e 
participating cum:ot wodrers identified in company 
n:conls as having· a positive chest x-ray also bad 
positive NIOSH chest x-rays. 

A populalion prevalence estimate based m lhe 
.esults from a sample of volunteer participants may 
RSUlt in an OYa"-estiroate if1hose who choose ID 
participate are less healthy 1han 1hose who do not 
participate. For eligi'ble cum:nt workers, available 
dalamagemd tenure indicate that participants were 
older,. had worked longer, and bad . more x-ray 
evidenceofsilicosis1hannon-participanls(seeTable 
6). However, lhe lowest poss1'ble silicosis 
prevalence estimate ammg all eligt'ble . cum:nt 
wodcers would be So/o (3/39) if all four of lhe non­
participanls bad a negative chest ·x-ray. Thus it 
appearsthatlheNIOSHsilicosisprevalenceestimate 
of 9"/o tep:esenls a reasonable estimate fur eligi'ble 
cum:ntworkers. The lower participation rate ammg 
eligi'ble furmer wodrers (65%). and reliance m 
company-provided information furnon-pm:ticipating . 
furmer workers, are potential soun:es of bias. . 
Combined with lhe obvious degn:e of abnormality 
ammg 1hose for whom company chest x-ray 
infurmatim was available (of lhe five with small 
opacities, thn:e were classified major profusim 
categOty "2," and four bad PMF), lhe higher median 
age and tenure ammg non-participati furmer · 
workers, and the possibility of progression and 
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. appemance of clinical c:hanges aJDSistent witb 
silic:osis since lhe time lhe company chest x-mys 
were taken, the NIOSHsilicosis prevalence estimate 
of9"/o is probably an under-estimate of prevalenc:e in 
ihe SIDdy population as a whole. 

· The SIDdy populalion prevalenc:e ofx-ray-defined 
silicosis ammg the S6 eligt'ble cum:nt and furmer 
warlcers could, in tbeOty, mnge from 9 - 20% 
depending upon the nmnber of cases ammg IIDll­

puticipating furmer wotkers, · the sounie of the 
information (company n:conls or the NIOSH 
evaluation). and the nmnber of cases coonted from 
eacbsoun:e. Anexplanationofhowtheseupperand 
lower boundaries m the estimate were obtained 
fullows. 

Using company n:cords, a 1Dlal of five workers bad 
a positive chest x-ray: thn:e cum:ntly WOtking 
participanls,oneoftbefournon-participatigc:unmt 
worlcers, and ooe of the seven participating furmer 
wodrers fur whom 1ec:011ls were available. 
Assuminglhefourpa,ticipatingfurmerworlcerswith 
DO iCCOills and lhe six nm-participating furmer 

. workersbadnoradiographic:alevidenceof 
silicosis, lhe lower boundaty of the prevalence 
estimate would be 9% (S/S6). 

To delennine the upper boundaty of the prevalence 
estimate, both soun:es of infonnatim were used to 

· count the number of cases. FOID' cases out of 46 
· participanls were ideulilie<I during the NIOSH 
evaluation and me additional case ammg the 10 
IIDll-participa(fourammtwodcersandsixfurmer 
worlcers) was identified from available company 
records. Assuming lhe six nm-participating furmer 
workers had x-ray evidence of silicosis the highest 
estimate ~Id be 20% (1 I/S6). 

.. Occ:upational exposures 1D mineral dust have been 
associated with airflow limitatim and c:hronic: 
obstructive pulmonary disease.- Published 
sludies suggest that pulmonary impairment and 

· c:hronic: tcSpitatOty symptoms are '3SSOCiated with 
both cigarene smoking and Qiillulative dust 
exposure, and may be gn:ater ammg dust-exposed 
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wodcers who smoke.(34,3S.36) We found, as expected, 
that abnormal patterns occurred more fiequently 
among "ever" smokers, and those with longertenun:: 
in olher dusty Wilde. However, there was no clear 
association between years of employment and lung 
function. Symptoms appeared related to cigarette 
smoking but not to leugtb of employment at the plant 
or at olher dusty jobs. Among the 12 participants 
with abnormal spiromeuy pallems, five repor1ed 
shortness of-breath, three bad chronic_ bronchitis, 
three tepoili::d chronic phlegm, one reported chronic 
cough. Pulmonary impainnentcan exist i.nespcx:tive 
of the presence or absence of abnormalities detec:li::d 
on a chest x-ray.(JO,l4.3S,36) Abnormal pulmonary 
fimction test results were identified in all four 
participants wi_th positive chest x-ray's. 

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 bi.storically, been consideroo to be at high 
risk for silicosis. A NIOSH evaluation at a silica 
· mining and milling operation in 1979 found that 7 
(27"/o) of26 participating current and formerworlcers 
with one or more years exposure had chest x-ray 
changes consistent with silicosis.I"! Thn:e cases 
were identified among 15 current wotkers, and four 
caseswereidentifiedamong 11 formerworlrers. The 
participation rate among all current workers (i.e~ 
including those with less than one year of exposure) 
was 83% (25130), and among former workers with 
oneyearormoreexposuretheratewas35o/o(I 1131). 

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

In 1980, a NIOSH evaluation at a plant in New 
Jersey found six (13%) radiographically-defined 
cases of silicosis among 47 participating cunent and 
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former wodcers. (J9) Five out of the six cases 
identified during this evaluation were current 

;workers. The participation rate for all current 

workers was 87o/o (26130), and among former 
wodcers with one year or more employment since 
January 1, 1972, the rate was 70"/o (21130). 

These previous investigations utili7.ed similar 
procedures and the slandard pnemnoconiosis 
classification of the · ti.me, the 1971 ILO-Utc.<411) 
More recenlly, Johnson and Busnardo «•> descn'bed 
a case of silicosis in a maintenance mechanic 
employed tiom 1976 - 1981 at a plant that 
manufactures ground silica. By way of comparison, 
a 1985 study involving the classification (ILO-U/C 
1971)ofchestx-raysof1422blue-collarworkersnot 
exposed to dust or olher respiratory hazards found 
only three (02lo/o)chestx-rays with a median small' 
opacity profusion of 1/0 or greater.<GJ This study 
found only one chest x-ray with irregular small 
opacity profusion of 1/0, and no chest x-rays with 
rounded small opacity profusion of 1/0 or greater 
among over 700 males. 

In the present evaluation, the predominant shape of 
small opacities on all four positive chest x-rays was 
rounded, and all four workers were "ever" smokers. 
Cigarette smoking alone would -not explain the 
observed chest x-ray abnormalities. There is no 
evidence that smoking can cause small rounded 
opacities. 143> Although some bave suggested that 
smoking may cause small irregular opacities, studies 
of large 1!JOUPS of workers exposed to silica bave 
failed to show a significant effect of smoking on the 
presence of small irregular opacities classified 
according to the 1W system.(43) 

MSHA 's current standard for respirable dust 
containing crysla)line silica came into effect July 
1974. As reported in the MSHA envirorunental 
study, MSHA bas documented past episodes of non­
compliance with its respirable crystalline silica dust 
s1andani at the Columbia plant During the period 
1988 to June 7, 1994, 15% (9/59) of personal 
samples collected by MSHA inspectors in the mill 
area or affected downstream operations were citable 
under the MSHA s1andani for respirable crystalline 
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silica.lMI Allfuurparticipantswilhapositivechestx­
ray began working at 1he Colmnbia plant between 
three1onineyears before MSHA'sc:unentsilicadust 
siandard came into effect in July 1974, and all fuur 
were employed for IS years cir more. 11uee of 1he 
fuurparticipants with a positive chestx-ray repoi ltd 
previous cir subsequent ~ at olher dusty jobs. 
Only me of 1he tbn:e 1qx.cltd anployment of a 
length (;i,S years) 1hat may have made a major 
c:ootn"bution 1D signs of silicosis seen 1111 his dtest x­
ray, although 1he degree 1D which 1his participant's 

. olher dust exposure contribiJled 1o dxi !lfioormalities 
seen 1111 his chest x-ray cannot be determined. The 
development of chest x-ray abnormalities is mown 
1D be related 1D bodt duration of exposure· and 1D 
in1Emil;y of exposure, 1Dgedter mown as cumulative 
exposure. A relationship bcNeen exposure 1o 
increasing levels of cryslalline silica dust and 1he 
pn:valeoce of chest x-ray evidence of silicosis is 
.. ceplCd, . although 1he precise . relationship is 
unknown.~~ . 

· Routine medical mottltoring bas been available to 
employees of1he Columbia plant since 1962. It is 
cunently conducted evctytwoyeais and includes all 
of1hescn:eningtes1srecommendedbyNISAaswell 
asthosef'POYDmeodedbyNIOSHbased11111he 1981 
recommendatillllS for workets exposed 1o ground 
silica. Oiest x-rays ate classified by a NIOSH­
certified B reader and have been ·sent 1D 1he same 
tcader since 1979. A company tqx ·,iative 
tepu11td 1hat since 1990, chest x-rays classified l/0 
or greater have been sent for additional . 
cllmificatioos. However, in1heprocessoftcViewing · 
company records, it was DOied 1hat1his practice was 
not consistent; chest x-rays with an initial 
classification of maj<ll"categoty"2"were not sent for 
additiooaln:adings. Moreovercompanychestx-rays 
classified as negative (0/0 and 0/1) by a single B 
tcader were not i;outinely sent fur additional 
tcadings. . The · .inc:onm1ency of chest x-ray 
classification among B readers is well 
clocwnented,-.a.411 and use ofa single tcader bas· 
aiosequences, intended OI" not, for 1he individual 
workeraswellasgroupsofworkers.FOl"examp~ 
bad "Reader2" been 1he ooly reader for this NIOSH 
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evaluation, an additiooal 17 participants would have I 
been corisidered 1o have silicosis, and1he pn:valeoce 
amongallparticipantswoulclhavebeen469/e(21/46) 
(seeTables4andS). Obeainingmultiplereadings1111 , 
all chest x-rays is llllC way of minimizing reader 
variability and tcduces bodt '&lse positive' ("t.e., a 

· chestx-ray wrongly classified as positive) and '&lse 
negative' ("1.e, a chest x-ray wrongly classified as 
negative)results. Oblainingmultipletcadingsforlhe · 
scn:ening of chest x-rays for pneumoconiosis is 
Slandanl practice 'for NIOSH sbJdies<"" ilnd 1he 
federally. mandated Coal Wotkers' X-ray 
SmveillanceProgtam(CWXSP), eiaialthoughNIOSH l 

. bas notformaJJym:ommended multiple n:actings for - I · 
1he medical monitoring of workers exposed to . I 

silica. 17.n.ll.llll6l · j· 
The fiequency of 1he medical monitoring at 1he 

. • ~lmnbia plant differs fiom 1he m,quency • 
· recommended by NIOSH for ground silica wotkas, 

and screening for TB was not reported 1D be part of · 
1he baseline examination cir 1he periodic medical 
monitoring. Pte-p1acement and annual medical 

. examinations ate ICCOIDDlCllded by NIOSH fur all 
' wotkers who manufacture, use, cir banclle ground 
. silica OI" malerials containing ground Silica. (7) 

CoNCLUSIONS · 

I. · Four (9"/e) of 1he 46 survey partic:ipanls bad a 
chest x-ray consistent with silicosis · Cases of 

. silicosis occuned among workets who were older 
and employed for a longer period of time. Available 
data on age and lenlll'C for non-participating funner 
~ers, 1he degree of disease found in available · 
companyrecords,andolherfactors, such as selection 
bias, suggest 1hat 9% may be an wxlen:sioiate as 
applied to 1he study population as a whole. 

2. ltistcaSODabletoconc:ludelhat1heabnonnalities 
seen 1111 1hese dtest x-rays ate attnliutable 1D past 
cryslallinesilicadustexposureat1heColumbia plant, 
although time wotked at olher dusty jobs may have 
c:ootn"buled to 1he abnonnalities observed in at least 
llllC case. This conc:lusion is supported by MSHA 
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documentation of prior episodes of non-amtpliance 
with its respirable silica dust standard. There were 
no cases of silicosis among current and former 
workers with 15 or less years of lllnure; however, 
because of the long latency usually associated with 
chronic silicosis, lhis finding is not sufficient to 
conclude that current aystalline silica dust exposure 
levels are without adverse effect 

3. The company medical monitoring practice of 
oblaining additional B reader classifications only for 
those chest x-rays initially classified 1/0 or greater 
will produce an estimated prevalence no higher1han, 
and possibly towa-1han, that oblained with a single 
reading. This practice tilils to identify positive 
chest x-rays among workers whose chest x-rays are 
initially read·as 0/0 or 0/1. 

RECOMMENDATIONS 

1he following n:commendations are based on 
findings of the medical evaluation c:onducted by 
NIOSH at U.S. Silica's Columbia plant, MSHA 
regulations, and NIOSH policy. Recommendations 
regarding primary prevention 1luoogh engineering 
controls have been provided by MSHA in a separate 
report. 

1. The medical examination and scn:ening tests 
should be available to all workers who work in 
or downstream of the grinding mill prior to job 
placement and annually thereafter.(7) However, 
medical monitoring should not be used as a 
substitute for environmental controls to reduce 
worker exposure to aystalline silica. 

2. Any employee wi1h chest x-ray evidence of 
silicosis or pnemnoconiosis or those employees 
wi1h pulmoomy fimction impairment and/or 
symptoms of respiratory distress (for example, 
shortness-of-brealh), should be referred for a 
more thorough medical evaluation. The 
evaluation should be conducted by a physician 
qualified to advise lhe employee and the 
company whether continued work-related 
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exposure to aystalline silica dust at the 
Columbia plant would be associated wi1h an 
increased risk of impairment of respiratory 
health. 

3. The current repotted practice of obtaining 
additional B reading only for those x-rays with 
a positive first reading creates a negative bias in. 
1he evaluation of workers for silicosis. This bias . 
persists even if chest x-rays wi1h a major 
profusion c:ategoly greater1han 1 are not sent for . 
additional readings To avoid 1his bias, ideally 
all chest x-rays should be sent for a second B 
reading regardless of the initial classification, 
and for a lhird Breading if there is disagreenient 
between the first two readings. 

4. Skin testing for tuberculosis (IB) should be 
conducted prior to job placement and annually 
thereafu:c,112.1],26.S'-'2) wi1h appropriate fullow-up 
for definitive diagnosis and medical treatment, 
as indicated. The association of 1B wi1h 
silicosis and silica exposure is well­
known.OIUl-'41 Skintestingprocedmesshouldbe 
in accordance wi1h CDC guidelines.-

5. F.achemployeeshould receive a written copy of 
their medical examination results in full detail, 
whether or not the results are abnormal, in 
addition to a summary nanative. Results should 
be provided directly to the employee by the 
medicalfacilityorcontractorresponsiblefor1he 
examination, and employees should have the 
opportunity to review the results wi1h a health 
care professional at the time they receive them. 

6. Medical records should continue to be 
maintained separately fiom personnel records in 
a confidential manner. The access to medical 
records should be limited to health care 
personnel, such as the medical director. 

7. All cases of silicosis should be 1epotted to 
MSHA by the company, and to lhe Soulh 
Carolina Department of Health & 
Environmental Control by lhe examining 
physician, health care provider, contractor, 
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and/or radiologist, as equired. MSHA n:quin:s 
opeiato,'S 10 report any miner with small apacily 
profusion of 1/0 or greater on chest x-ray; or a 
diagnosis of silicosis, or an award of 
COD1peosation. Silicosis is a reportable condition 
in South Carolina. Cff.,., To a!baoce1he unifiJnni1y 
of ttpOlling, NIOSH bas developed aeportiog 
guidelines and a sum:iilance case definition for 

- silia)sis (Appendix Il). This definition and 
guidelines an: ,ec,vnmcnded for sum:iilance of 
wodt:.relaled silicosis by slate health depm bneu1s 

.and iegu1atory agencies'receiviog n:ports of cases 
fi:om physicians · and other health care 

. providers. (12.D,lll) 

. ' 
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Number of Workers O""lft•llu ldentffled 

Reason for Exclusion from Study Population 

• Not eligible baaad on job and/or tenura 

• Company detennlned worker not allglble 

• NIOSH unable to verify eligibility 

Number of Workera Remaining for Study 

Health Hazard Evaluation Report No. 93-07115-2783 

TABLE 1 
Detennlnatlon of the Study Population 

U.S. Silica - Columbia 
HETA 93-0795 

CURRENT WORKERS FORMER WORKERS 
Total 

Particfpanls Non-pertlclpanta Par11dpants Non-partlclpantl 

39 9 23 19 90 

3 - 10 - 13 

- 5 1 13 19 

1 - 1 - 2 

35 " 11 8 158 

Paga21 
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Employment 
Status 

<»rent Worker 

Former Worker 

TOTAL 

"-22 . 

TABLE2. 
S1udy Popmtion and Participalion Rate By Employment Status 

. U.S. Silica-Cakmbia 
I-ETA 93-0795 

N Tdal# Ntn1ber Nl.mber Flgtie .. Partic:ipation 
Flgtie Flgtie Non-Participara Rate{%) 

Participanls .. 
. 46 39 35 4 90 

42 17 11 5· . 65 

90 56 46 10 82 

I 
I 



' 

IRACTERISTIC 

(yrs) (median] 

Range(yrs) 

LR! (yrs) (median] 

Range(yrs) 

irette Smoking Slab.ls . 
.. 

~smoker 

:urrent smoker 

:X-smoker 

k -Years (median), 
rsrnokers 

TABLE3 
Characterislics of '16 Participants by Employment Slab.ls 

U.S. Silica- Coll.mbia 
HETA93-0795 

EMPLOYMENT STATUS 

35CURRENT 11 FORMER 
V\ORKERS V\ORKERS 

42 40 

25-59 27-66 

15 6 

2-32 2-17 

Number %0 Pack-years Nlfflber % Pack-years 
(media,] (median] 

10 29% - 4 36% -
10 29% 15.5 6 55% 23.5 

15 43% 21 1 9% -
20 23 

Smokers= Ct.nent smokers and ex-smokers combined. 
roentages do not add to 100 due to ltlU'ICing. 

Health Haz&fd Evaluation Repo,t No. 93-0795-2783 

TOTAL 

41 

25-66 

10 

2-32 

Number % Pack-years 
(median] 

14 30% -
16 35% 19.5 

16 35% 22 

20.5 

Page 23 
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TABLE4 
Chest X-ray Resuls by Reader for 35 Pa1icipali 1y Cmert Worken1 

. U.S. Siica-Cok.mbia 
HETA 93-0795 

. 

READER1 . READER.2 READER.3 

Plorusion -- Zi1lrtl,s)* AdUsion -- Zi1lrtl,S) ··. Plorusion -- Zi1lrtl,S) 
. 

00 00 --. ;_ 00 

00 - 1/1 It . 2,3.5.6 00 

00 1A) It 2.3.5.6 00 

00 00 00 
. .. 
00 1.0 It . 2.3,5,6 00 . 

00 00 00 
-

00 00 00 

00 1.0 at 2,3.5.6 00 

00 00 00 

1/2 RI 1,2,4,5 1/1,A . pr Al 2/1,B II" ' 1,4,6 

00 ' . . 1/1 It All 00 

00 00 00 

2/1 . "" . 1,2,4,5 212 "" Al 212.A RI 1,2,4,5 

00 00 00 

2/1 ru Al 2/1 pq Al 1/2 "" Al 

00 . 1/1 It 2.3.5.6 00 

00 00 00 

00 00 00 

00 1.0 . at 2.3.5.6 00 
. 

00 00 00 

00 1/1 at Al 00 

00 00 00 

00 00 00 
• 1, 2, and 3-,-ldllllha,v,t-• -and- -· ,5, and&w -Id llllha ... 
*PMFby.......,... 

,,_24 
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• 
MEDIAN 

. 
Plorusion RnQuaay 

i 

00 1 i 
00 1 

00 1 . 

00 1 

00 1 

00 2 

00 ·1 

00 1 

00 2 

112• 1 

00 1 

00 1 

212 1 

00 1 

' 211 - 1 

00 1 ' .• 

00 1 

00 1 

00 1 

00 1 

00 1 

00 1 

00 1 
andllMerzanes 



READER1 

ion --

TABLE 4 (continued) 
Chest X-ray Results by Reader for 35 Participating Current Workers 

U.S. Silica - Columbia 
HETA 93-0795 

READER2 READER3 

Zane(s)* - ~ Zane(s) - ~ Zane(s) 

00 00 

00 00 

1/1 st AJ l)'1 q> 1,4 

OIi) 00 

1,'0 .. 2,3,5,6 00 

1,'0 .. 2,3,5,6 00 

00 00 

00 00 

00 00 

00 00 

00 . 00 

00 OIi) 

MEDIAN - FlmQually 

00 1 

00 1 

l)'1 1 

OIi) 3 

00 1 

00 1 

00 1 

00 1 

00 1 

00 1 

00 1 

00 1 
.nd3 IDlhe .-.---right- . while4.5.and6Uii -dtothelaft -.niddle, In!-
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TABLES 
Chest X-ray Resuls by Reader far 11 Pa1icipalil ig FOi 11 lef VVod(ers 

. U.S. Siica - Coll.nDa, 
tETA 93-0795 

-

READER1 READER2 READER3 - .~ ZDrre(.st - Sim'9mpe Zone(s) - ~ Zane(s) 

00 . .1JO . IIS 2,3,5,6 00 

1Q,B qi 1,2,3.4,5 1JO.B 11P 1.2.4,5 1JO,B RI 1,4 

00 00 00 

00 00 00 .. 

00 1/1 Ill M 00 
. 

00 00 . 00 . 

00 ... 112 Ill M 00 

00 -~·-- 1JO . Ill 2,3,5,6 00 

' 00 .. · 1/1 !IP M .. 00 

00 1JO .· . Ill . 2,3,5,6 00 

00 00 00 
• - 4 and I 1,2,and3_,_idllllhe~-.-.and--~-- .5. s- -- id to the loft 

I 
MEDIAN - FhQllllly 

00 1 

1111, B 1 

00 1 : 

00 :.1 ' 
00 1 I 

00 1 ' 
00 1 ! 

00 1 
. 

00 1 

00 1 

00 1 



TABLES 
Age, Length of Employment, Experiel ice in Other Dusty Jobs, Cigarette Smoking, 

and SmaD Opacity Profusion from Company Records 
by Employment Status aid Participation 

U.S. Silica - Columbia 
HETA 93-0195 

~'WORKERS FORMER WORKERS 

Palqlaills Non-pal1icipanl Palqlaills Non-pal1icipanl 
N=35 N=4 N=11" N=6 

(yrs) [median) 42 38 'JI' 47 

Range(yrs) 25-59 l!Hl1 27-oS 37-65 

re (yrs) [rneclan] 16 7 6" 13 

Range (yrs) •. 2-32 3-24 3-17 2-21 

· Dustv Job fsl lunber "' lbnber % lunber % lunber "' 
Yes 28 80 3 75 6 55 5 83 

No 7 20 1 25 - - 1 17 
. 

Unknown - - - - 1 9 - -

NoReconl - - - - 4 36 - -

ale Smoking lunber % lunber "' lbnber % NLmber %0 

::ment smoker 9 26 1 25 4 36 2 33 

Ex-smoker 15 43 2 50 1 9 2 33 

Never smoker 11 31 1 25 2 18 2 33 
,, 

NoReconl - - - - 4 36 - . 

NISnber "' lunber "' Number" "' lunber "' !Opacity . 

ISion, 1/0* 3 9 1 25 1 9 0 -
le B reading) 

'' .· mis were ITISSlllQ fllr 4 pa,ticipating former workers. N..-nbers apply ID 7 of 11 wakers fllr whom records were available. 
:entages do not add ID 100 due lo rounding 
.ie.11il led by the LO classificalion closest in lime prior ID the NIOSH sm,ey by a single B reader 

f,. 
. ;;_ 

. 
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APPENDIX! 

PROTOCOL 
MSHAINIOSH GROUND SILICA MILL SnJDY 

· This p,ducol desaibes a joint M"111e Safety and Heafth Mninislration (MSHA) and National lnslilule for 
Oco ~ etional Safety and Heallh (NIOSH) project to study sifaca expos1re and lhe p,e.alel ice of silicosis 
it workers it !JtlU1d silica mi!s. MSHA selected lhe mill poltious of nine !JtlU1d silica qe atious, 
based on one or more of the following aieria: (1) one or more oulsta di ,g violaliol is of MSHA's 
respirable silica standard and a history of o.erexpo51.1e to respirable silica; (2) size of lhe mills, bolh 
large and sman. based on runberof a11)loy e es; (3) use of advanced mnlrol techlOlog,; 8ld (4) a 
R!PI ese da6ve runber of !JtlU1d slica mills tom each Metal and Normetal M"111e Safety and Heafth 
Dislricl Nine mills were chosen forlhe study ralherthan al sixteen because of lhe two year tine fiame 

. (fiscal i,ears 1993-·1995) plamed to complete lhe study. A 1st of lhe sixteen mills is provided it 
.Allach nent 1 8ld a 1st of lhe nine selected mills is sjvel1 it Allactln ient 2. Nonco, ,ipa. ice wilh 
MSHA's respirable silica star IClard is indicated on lhe allactJn ienls. 

In late 1991, when lhe sele clion was made, .six of lhe sixle en mills were sele c:led usitg aileiia runber 
one. U.S. Sifica Company's Berkeley MiD and Counbia MiD, and lhe Nicks Siica Conipar ry MiD had no 
custar !ding respirable sifica violalior is. The Berkeley MiD uses many advanced w rb uls and is lhe 
largest mill. The Counbia Mill, a large miD and N"rc:ks Slica Company, a· smal mill it MSHA's 
Soulheastem Disbict, were sele i:ted usitg criteria runbertwo and fou". There ae !JtlU1d silica miDs it 
ftxt of lhe six Metal and Name!al Mine Safety and Heafth Dislrids and each of lhese fou" Districts ae 
represented it lhe study. Three mills were selected tom lhe Scuh Cemal District and North Central 
Disbict, two miDs were selected tom lhe Soulheaslem Disbict, and one mil was selected tom lhe 
Norlhe astern Dislricl · 

MSHA will evaluate sifaca CUit expaues it lhe 9 selected !JtlU1d silica nills. NIOSH will eslii, Idle lhe 
pre.alence of silicosis it active and fonn!!r workers it lhe same 9 mills. At. lhe Wl lpletion of lhe study, 
MSHA wil issue a report cin Ii di.gs of each mil and a sunmary of all mills. 

L BACKGROUND 

Grot.nd sifica partides are hazar clous die ID lheir respirable size and IQl w ,ce, .. alion of aysta11"111e 
silica, a known cause of noi 1,ialigl l8l1t respiratory disease (silicosis) and possible cause of u,g cai,ce, •. 
A NIOSH feasibility study of lhe adequacy of wnpar ry records for a p,oposed NIOSH study of silicosis 
was released it 1990. Examination of !tu rdJsbial sand faclilies' B Reader reports bnl 27% of 
workers with> 20 years work experiel ice had smaD opadlies on x-ray.1 lhe feasroifity study was of 
inclustrial sand mills of wtich !JtlU1d silica was a SI ibset. 

l 



APPENDIX I (con't) 

D. PROTOCOL OBJECTIVES & METHODS 

The~ piotocol desaibes the joirt MSHAINIOSH study and klentifies responsibirties for each 
part of the project 

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

(a) Entrance and close-out meelil igs will be held with local managemert and employees 
or employee representatives at each site. 

(b) Al a.arent and former employees will receive invilatiol is from NIOSH to participate in 
the medical portion of the study. 

2. NIOSH will radiographicall examine a.arent and former employees at the 9 selected ground silica 
mills for evidel ice of silicosis. 

(a) Posterior-anterior radiographs will be taken, 1'81 ldomly mixed, and independently 
classified for pneumoconiosis according to the 1980 ILO system by two NIOSH certified B 
Readers. · If the two readings do not agree on sman opacity profusion, a third reading will 
be obtained and the median reading will be used to define an abl iormafity. A chest x-ray 
showing opacities of profusion category ~ 1/0 in a ground siflC8 miD worker will be 
categoc ized as consistert with siTICOSis. The B Readers will not be i lfo.med of any 
exposi re history and the films will be masked of identifying information. The same 1hree B 
Readers will be used 1hroughout the entire project 

(b) Participants with a recent chest x-ray (within 1 year of the a.arent NIOSH uvey) may 
provide the chest X-ray to NIOSH to be read, rather than have a new chest x-ray taken 
cuing this evaluation. 

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

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

4. NIOSH will obtain pertinent records held by the ax ,ipanies. 

(a) NIOSH will a,p'/ pertir ient medical and persoru,el records. 

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

Hean/I Hazant Evaluation Report No. 03-0795-2783 



APPENDIX I (con't) 

(c) Collect PffllOI • 181 records showing detaled work I isttN ies for a.inert aid formei workers. 

5. NIOSH wiD evaluate the pwnonary fin:lion slatus dthe pa,1icipa ds IYough spionietry tesli ,g. 

(a) Spil on ietiy will couform to the Amei ican Thoracic Society's aileria for saeei ~ 
spa 011 ieby. . 

(b) _M participanls wil receive Wlillen.notilic:alion d their spa on ietiy ftlSl.l'ls. Pei$Cll is 

bl1d to have ab! IOllTl8I reds will be encxuaged to c:onsut their fJlffllOI 181 physician. 

6. · MSHA will determine expo51 re levels d ernploye es at the 9 gromd silica mills. 

(a) Obtain aid co,, ,pare records d past respirable silica dust sampling perfal, 18d by 
MSHA aid the gromd silica mill q1e1ahlis.. 

. (b) Sample an job classifications in the miD portion d the '*1e s ele cled gromd silica mills . 

. (c) Cite, lnler MSHA regwdions, a,y qverexpos1.re to respiable silica dust detemil 18d 
from MSHA samples ... 

7. MSHA Tech ical Sl4]pOlt wil evaluate the etrecliveness d dust co, ibols in~ selecled mills. 

(a) Obsenle aid measue the perfonnanc:e d dust co, Iii ols. Evaluate mail ilei 1a1 ice, 

hol .s el~ aid work pradices aid how they effect dust_ co, ibol. 

8. MSHA will evaluate respi, ato,y p cAedioo, p 0!1lli I IS at the 9 grou,d silica mills. 
- - . -

· (a) Evaluate iespi.atory progams to detemlil ie if they meet the mininun recpements d · · 
ANSI ZBS.2-1969, Practices ForRespialoiy PnAectioo, as maudated by TIie 30CFR, 
Part 56.5005, when respirators are required. The minimtm reqliremenls are Isled in 
Allachmcr4 3. . 

9. NIOSH aid MSHA will report reds dtheir Slffl!YS as follows: 

Page30 

(a) NIOSH repo,1s will lUTll1larize Ii~ of medical surveys, including the pevalence d 
silicosis amo, ig participants overall, by mil, job, aid 1erue I feasible. 

(b) MSHA will issue repo,1s conlbining findings dNIOSH aid MSHA beach dthe 9 
mills sele cled as well as a sunmary report 

(c) Each agency will review and co, 11 nert on aD repo,1s prior to release. . . 
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(d) Individual mill reports and summary report will be provided to the ilduslry associatiol is, 

national ll'lions repi es enling workers in the ground si6ca ilduslry, participating miD 
ma iagement and employee repi s e datives, and olher i lleresled parties. 

DI. ·STUDY POPULATION 

All current (estimated 332) and former workers (estimated mmber unknown) of the 9 mills to be 
studied will be invited to participate. No fl.rtherfollow up will be made to eligible indiviclJals who do not 
participate. 

ADDENDUM: FURTHER STUDIES OF TWO SOUTHERN IWNOIS GROUND SILICA MILLS 
PREVIOUSLY STUDIED BYNIOSH IN 1979 (11-01982AND 11-G2051) 

L BACKGROUND 

In 1979, NIOSH was requested to provide Technical Assistance to MSHA at two ground si6ca :n..t2.3l 
Through medical and environmental uveys, NIOSH detennined that a significa it health hazard 
-existed at these mills due to overexposu-e to respirable quar1z. Forty-folx percent of workers with 
greater than a year experience in one mll were fot.l1d to have x-ray evider ice of siflCOSis. Twenty­
seven percent of the workers with similar work histol ies in the olher mills were also fot.l1d to have x-ray 
evidence of silicosis. Of 65 current and former workers with ~1 year expo51 re studied in 1he two mills, 
7 cases of progiessive massive fibrosis were dsc:overed by NIOSH. · . 

In response to these findings, NIOSH in 1981 issued Cl.nent Intelligence Bulletin 36, "Silica Flour: 
SiflCOSis (Cryslalline Sifica)", desaibing a significa1t respii atuy hazattl in sifica flou" mills from 
respirable quartz. ti) 

II. OBJECTIVES AND METHODS 

. 1. NIOSH will estimate the incidence of neN cases of sifKX>Sis among workers at the two mills. 

(a) 1he x-rays of current and former employees of the two mills will be compared with 
those previously taken in 1979 to identify any neN cases of silicosis developing since 
1979. 

2. NIOSH will compare the prevalence eS6mates of siflCOSis fot.l1d in the 1979 Technical Assistance 
surveys of two southern IDinois ground si6ca mills to the current estimates of prevalence for those two • 
mills. . 

Health Hazard Evaluation Repo,t No. 93--0795-2783 
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(a) Methods 2 (a) and (ti) clsa tss e d ii the stucly pnitoc:ol. 

' {b) Rec lassify the x-rays 1aken by NIOSH ii 1979atthesetwonillsacx:011:11191D the 1960 · J 
ll.O dassilic:alion aystem. (The flms 1aken il 1979 were classified used the 1971 ILO · 
dassilic:alion gystem). The B Readers wil not be made aWclr8 when more than one tim I 
on an idvwal is ID be classified. The films will be rat tdomly mixed and classified 
ildepel~. The same three B Readers win _be used lmlt.g10lt the enlie project. . 

3. NIOSH will evaluate the change ii sp10,netry resulls amo11g the workers previously examined ii 
1979. 

· (a) Compare an idvi:lual worker's 1979 spiornetiy rem!s ID those otaned i1 ttis stucly. . 

4. NIOSH wiD review the inplerr,a11tation of iec:0111ma11dalio11s made ilthe 1979 NIOSH Techic:ai 
Assistance SI.Ivey repor1s (HETA Nos. 79-103-108 and 79-104-107). The~ rec:ommendalion 

. were made: · et igine e~ and work prac:lice improvements ID recl.tc:e free silica exposues below the 
NIOSH REL; pet iodic: envi01 mei ml nlOI ito, i 19 of si&c:a exposues t7, the opei ator; iespiratory ·. . 
puledion while the etrediveness of the et igi, leer'• 19 w lbols are evauated; al workers exposed ID 
si1k:a dust not examined in the NIOSH study shoud Ll1dergo oomprehel ave ITledic:al examilalions;. 
workers with raclographic evidel ice of silicmis shoud be given the q,portanty ID ba ISfet ID jobs . 
without siic:a expo511e; cun!nl workers with pumonary fln:lion inpairment be evalualed by a CJl86fied 

· physic:ian and advised whelhel ID ann.te ii a clJsty trade; ntedical eXat ,it talioos shoud be perfOl ,, led 
at first exposlR ID siic:a dust and at yearly iiervals; bagged siic:a tlot.r shoud be w,edly labeled and · 
COi dail I appropiale health Wcll'TIU ,gs. . 

(a) Review mnpany i1dus1rial hygiene reoords. 
{b) Review company respiratory prtedion progian. 
(c) Review employee ITledic:al and petS011 lel reoords. 
(d) Review proc:luc::t bag labels. 

m.REFERENCES 
1. Amandus H(1990]. Afeasibility stucly of the adequacy of COiiipany tecords fora proposed NIOSH 

stuc1y of sl"ICX>Sis il indJstrial sand workets. F1181 report ID Diedol, NIOSH. Morgantown, 'IN: U.S. 
· Department of Health and lbnan Services, P\tic Heallh Service, Cenlers for Disease Conro1, 

National lnstilllte for Oca • iational Safety and Health, Division of Respialol y Dis a:se S1I des, 
DHHS (NIOSH). . . 
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IDinois. Morgantown, WI: U.S. Department of Health, Education, and Welfare, Public Health 
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ATTACHMENT1 

GROUND SILICA MILLS~ 1991 

Nor1heastem District 

U.S. Silica Co. Berkeley Plant 

Soulheasle.n District 

38-00027. Spa'tan M"nerals Co. PacoletMiD 
38-00138 U.S. Silica Co. . Cokmbia Plant 
38-00299 Unirnin Corp. lJnimil.lugolf 
40-02937 Nicks Silica Co. Nicks Silica Co .• 

Na1h Central District 

11-01013 U.S. Silica Co. . Ottawa Plant -
11-01580 . Uninw1 Corp. Troy Grove Plant 
11-01981 Um1il Specially M"n Plant(NC) 
11-02051 Unirnin Specialty M"n PlarlJMill (NC) 
33-01354 Cenlral Silica Co. Glass Rock Quany (NC) 
33-01355 Cenlral Silica Co. MillwPOd Sand Div. 

South Cenlral District 

03-00299 Malvern M".nerals Malvern M"merals 
Sm idsto, le (NC) 

·23-00504 Amel ica, I Tripo6, Inc. . Amel ica, I Tripoi, Inc. 
- (NC) 

23-00544 U.S. Silica Co. Pacific Plant 
34-00377 U.S. Silica Co. MiD Creek Plant (NC) 
41-01059 Unirnin (Texas) Corp. Unimin (Texas) 

NC-·Noncomplianal 

Page:U 

S,uJuvees 

.102 

21 
50 
·19. 
13 

94 
18 
30 
22 
34 
25 

19 

12 

30 
50 
20 
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46-02805 

38-00138 
40-02937 

11-01981 
11-02051 

·33-01354 

03-00299 

23-00504 

34-00377 

NC-Noncompliance 
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ATTACHMENT2 

GROUND SILICA MILLS -1991 

Northeastern District 

U.S. Sffica Co. 

Southeastern District 

U.S. Sil"ica Co. 
N"ICks Sffica Co. 

. North Central District 

Unimin Specialty M"m. 
Unimin Specialty Min. 
Central Silica Co. 

South Central District 

Malvern Minerals 

American Tripol, Inc. 

u.s. smca Co. 

Berkeley Plant 

Columbia Plant 
Nicks Sffica Co. 

Plant(NC) 
Plant/Miff (NC) 
Glass Rock Quany (NC) 

Malvern Minerals 
Sandstooe (NC) 
American Tripoli, Inc. 

(NC) 
Miff Creek Plant (NC) 
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ATIACHMENT3 

Minimum Requirements of~ 288.2-1969 

(1) The ope,alui must establish a wrllen slai daid ope, alil ,g procedLn! govermg the selection an:I 
use of the IE!Spil atu,. ' 

(2) The ope,alui must select the.respirators on the basis of the hazards ID which the worker is 
exposed. The respirator must be MSHA/NIOSH approved for the specific t.azards. 

(3) The respirator user shal be inslruded an:I trai'1ed it the proper use of IE!Spil aluis an:I their. 
Imitations. The nwinum lrainilg shal ilclude the following (as quoted titJm ANSI ZB82-1969): 

a lnslruction it the nalln of the t.azard,.whethel acue, d 1ooic:, or bolh, an:I a m, ,plete 
app,aisal of what may happen if the respntor is not used. 

·b. · Explanation dwhy more positive control is not inniedately feasible. 1lis shal ildude 
· recognition that every re as enable effort is~ made ID reduce ore&. ,Ii ,ate the need for 

respirators. . . ' . . 

C. A dsa ISSion of why ttis is the proper type of respirator for the particuar prpose. 

cl A dsa ISSion of the respiralui's capabilities an:I tnitaliol IS. · 

e. Instruction and lrainilg it ac:lual use of the respialui (especially a respi alorfor emergency 
use) and dose an:I frequent supervision to en&ll'8 that I CXrinues ID be p,operly used. 

· f. Classroom and field lrai, ing ID recog, lize and cope with emergei ~ situations. 

. g. Other special training as needed for special use.· 

TrainirlJ shaft provide the employees an oppcxtunly ID handle the respirator, have I fitted · 
prope,ly, test Is faoepiece-to-fa seal, wear I it normal air for a long familiarity period, and, 
finally, ID wear I it a test atmosphere. · 

r 
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(4) Fil testing 

Al respirator wearers must be fit tested before using negative pressure respirators. ANSI 
288.2-1969 does not require fit testing of positive pressure respirators. Use a vafldated 
protocol for fit testing. 

(5) The opeiator must keep records to show that the proper respirator was issued to the respi,ator. 
wearer. 1lis is usuaDy accomplished t1J rewn:li ,g the fit test resuls for each wearer, along with 
the dale that the wearer received the respil ator. 

(6) Respirators shaft be cleaned and disinfected. Respirators used routinely shaft be inspected 
during cleaning. Worn or deteriolated parts shaft be replaced to maintain MSHAINIOSH 
approval. ANSI states that cleaning and maintenance shaft be done "as frequently as 
necessary to ensure proper pi utec:tion is provided to the 1Nearer. • 

(7) Emergency-use respirators must be 1horoughly inspected at least once per month and after 
each use. Keep a record of the inspection dales and fincings. 

(8) Respirators shaft be stored i"I a convenient, dean and sanitaly location. The respirators must 
be stored i"I a rnamer that pi oteds them against contamination, temperallre extremes, and 
other pole! diaDy damaging COi dtions. 

(9) A single individual must administer the respil atory protection program. This individual shaD 
regularly evaluate the effectiveness of the program. Monitoring wlll be conc:kK:led regularly to 
ensl.l'8 that the selected respirators continue to provide appropriate protection to the wearer. 
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. AnACHMENT 4 

PART I 2 (a) OBJECTIVES AND MEIHODS 

. Poslei ior-anei iOI racioglaphs wiD be taken, m Idol, o'y mixed, aid indepei ldenlly cl silied for 
pnetmOCOl'liosi a<XXlldii ,g ID the 1980 ILO system by three NIOSH certified B Readers.The mecian 
reaclull wiD be used ID ieport a, abl IOll,lality. A chest x-ray ~ qiadlies dproft.lsion calegoiy ~ 
1,u ii a gou,d silica mill workerwiD be, :alegoiized as coi lSistent wilh slialsis. The B Readers will not 
be i d'u.111ed d any exposll'e listay. The fflms will be masked didenlifyilg i 60.malio.-.. The $111118 B 
Readers wiD be used 1tm..lghcu the entire p,cjed. 
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SURVBLLANCE GUIDBJNES: SILICOSIS 

Reporting Guidelines 

State health depar1menls and regulatory agei Ides should enaxnge physicians (n:luding radiologss, 
pathologists, and olher health care providers) to report all dagoosed or si ispeded cases of slicosis. 
These reports should ilclude perSOI IS with 

- a physician's provisional or working diagnosis or siflCOSis, OR 

- a chest radiograph ilterpleted as consistent with slicosis, OR 

- pathologic findiJ IQS COi lSistent with siflCOSis 

To set priorities forworkplac:e investigations, Slate health depar1menls and reguatory agencies should 
collect appl opl iate dnical, epidemiologic. and workplace i ,formation about persons repor1ed to have 
silicosis. 

Surveillance Case Definition 

A 1. History of occupational exposure to airborne sifica dust 

AND 

2 Chest radiograph or olher inaging 1ec:h.,ique interpreted as consistent with 
siflCOSis 

OR 

B. Patt IOlogic findings diaracteristic of slicosis 

Heallh Hazan1 Eva/uafion Repo,t No. 93--0795-2783 Page39 
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