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I.SUMMARY 

On July 15., ..1.981, the National Institute for Occupational Safety and Health {N10SH) 
received a request to evaluate the possible excess incident~ of cancer and heart 
disease .among ~mployees at the Elkem Metals Company, Alloy, West Vir~inia. 

In December, 1981, NiOSH -investigators· conducted an initial walk-t~rough survey.
Thi; .was of ·slJq;ee_ded by a propcirtional .mo·r·tal'it.y- ratio (PMR) study and a read ing of 86 
sets ~_h.es.t ~-ray_s· {taken .~y the company,) to screen for pneumocori·1osis. On July 
26-30," 1£f&2, NIU.SH. conducted a comb'in-ed· environmental and medi·cal evaluation at the 
Elkem plant. In .the _environmental portion of the . e\ra·1uation, employees from the 
furnace department, packing department, mix house, and steam plant were monitored 
for po_tential exposures to airborne respirable particulates, crysta,1·1ine silica, 
amorphous silica, silicon . metal, arsenic,- an·d fly ·ash. The medical evaluation 
consisted of respiratory questionnaires and pu-lmonary function tests on 93 randomly 
selected workers .. Serial chest X-rays ·were read by a licensed 11 8 11 reader on 86 
current l::lkem workers. A· proportiona-1 mor·tal ity ratio (PMR) study was constructed 
to evaluate cause of death in 373 former Elkem workers who died between 1966 and 
1980. 

Si1ica concentrations, for 15' personal a,r samples ranged from non-detectable (less 
than 0.030 milligrams per sample} up to 0.233 mg/m3. Four of these samples were 

· in excess of,·the· NIOSH recommended standard of 0.()50 mg/m3 and included samples . 
fi:-om the ·mix unloader, po·pining ladleman, and the ste.am .Pl~nt equi.pment attendant. 
None of these fo·ur samples' exceeded the calculate~! OSHA standar<;I. Respirable 
particu.,~te -leve_,.s for. -thirteen persoral ?,ir !?ample:s obtain~9 frqm .f~rnacemen and 

. tappers ranged from 0.01 to :0,39 mg/m~.. These air levels are w~n be·)ow the OSHA 
dust standar-d of s.•o mg/m3. Ar.senic concentrations for four. S,c!mple.s obtained 
fl_Jrnace tappers were non -: d~tect~_b1e (les.s t~an. O.U003 mg/~ample)__. [les_pirable 
sil~con particulate 1,vels for workers in the packing and ~fushing areas were no 
higher than 1.01 mg/m3, about 20% of the OSHA nui sance dust stan~a~d. · Respirab1e 
amorphous silica levels. for air samples obtained from two dust collector mechanics 
were o :27 and 2.24 mg/mJ. The ACGIH TLV for amorphou~ .~ilica is 3.0 mg/m3. For 
al 1 substances monitored the levels obtained repr·,~sen·t poten't~al ·exposures since 
workers wore d1:,1,st r~~pira1;.ors .. Overal.l dust leve·is w~re _geheral~_Y lower than 
reported in previ_ous co.mpany ·environmental data. and may reflect d·ecreased production 
at the time 

• 
of the 

' 
IHOSH 
• • 

survey. 
• • l 

· · 

l<esul ts for the· questionna.i re showed a high preiial ence (3-2%) o·f chronic b1·onchi tis 
in the ·current workf.orce\' ·Tt:iese wer'e 'few abnorma l ities in pulmonary fimc:ion. Age 
and ·smoK-ing; but ::not dus;1:, exposure~ were associat1~d with a deterioration ·in 
pulmonary funcfion; Evidence ·-Of -pneumoconiosi s WdS found 9n th~ X-rays of 4 o'f 86 
workers. The PMR results showed a statistically significant elevation in deaths 
from chron·ic o·bsfrt1cti.ve pulmonary d,i sea·se (COP!J) and COR pulm0na 1e (-PMR 148 and 
187), when compared to the .United States• general population. 

I 	 .. 
\ llased on the radiol?gic and environmental results, NIOSH concludes that Elkem I 
: workers have had hazardous exposures to excess concentr'ations of crystal line I 

.) 
I 

l 	silica~· A·potenti iil health . hazard fro.m ~-i l ica e~posures .canti·n!Je.s· t_o exist in 
'	 selee::.tec;I plant area.s•.: ~lkem "~orkers appear to be at ~n .eleva_ted r,isk 9f dying from 

non.:.mal.ignant respir~-tory . ~isease an~. of. deve_loping chr_onic. bronchitjs. Neither 
deterio~ation in p_ulmo.nary function nor prevalence of dironic bronchitis in current 
workers c;oula be s'tatistically r~late·d to past dust exposure. 'Recommendations to 
reduce free silica exposure are prese'nted in Sect ion VII I of this report. 

KEYWORD!:. S-lt 3313 lI1~ctrometa1Turgica1 Products), si.licon metal and alloys, 

silicon diox.ide. crystal f fne silica, amorphous silica, fly asb, arsenic, pulmonary 

function tests, chronic obstructive lung disease, chronic bronchitis, proportional

mortality ra_tio. · 
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II. INTRODUCTION _ 

on· July 15, 1981, the National Institute for Occupational Safety and 
Health (.NIOSH) received a request for a· Health Hazard Evaluation from 
an· authorized representative of Local 3-~~ of the OiJ, Chemfcal ~nd 
Atomfc Workers Union (OCAW) to· evaluate mortality rate.s from cancer and 
heart disease and the risk of adverse health effects· from fo_-plant dust 
exposures at E·lkem .Metals Comoany, Alloy, . West Virginia. An initial 
walk-.through survey was conducted by a NIOSH physician and fodustrial 
hygienist on December 21-22., 1981. An . interviewer- directed screening 
q.uestionnaire was administ~re,<l° to twenty w_Qrkmen,. selected ·without 
randomizatio~ but fro~ a representative variety .of work area~. 

A Proportional Mortalit¥ Ratio (PMR) study of deceased members of the 
Elkem work force was then completed and included fn Interim Report. #1, 
which was sent out in April 1982 . Eighty-six sets of chest films were 
read in order to detect evidence of pneumoconiosis. Confidential 

· notification of- re.sults was mailed to each employee on July ,21, 1982. 

On the basi's of the medical results and:·revi ew of company envi ror.imental 
dat.a, a follow-up survey was underta.ken •. It includ_ed a respiratory 
questionnaire ·and pulmonary. function tests on 93' people. The 
env'ironmenta'l evaluation consisted of a-sses~ing worker exposure to 

· res.pira-ble particulates, crystalline sil_foa, amorphous silica , silicon 
metal, arsenic, and . fly ash. Environmental finaings were reported in 

· Interim Report #2, distribµted in January 1983. . 

I I I • BACi<GRblJNO 

A. P.lant ·oescription 

Th~, E,.kem .plant is a .45 year old facili .ty .whi~h principally produces 
silicon metal, ferrosilicon alloys, and calcium silicon alloys ... 
Secondary products are zirconium and strontium siHcon alloys. 
Ferromanganese, silicomanganese, aluminum .and ferrochrpmium .alloys have 
been, produc.ed in the recent past' and vanadium ·al 1 pys. have been produced 
in the more distant past. The products ~ei ng ~~de·_.d4rJ ng t .he fol lowup 
survey incl uded silicon metal and calcium silicon alloy~. 

The Elkem Metals Company purchased the Union .Carbide, Metals Oiv.ision, 
.taking control of the Alloy plant in July . 1981. The ·cor.porate 
ind4strial hygiene department, health and safety protocols, and ·plant 
management were carried over intact from Union Carbide. 
a.. · Process Oescripti-on 

Th~ furnaces are of the submerged electrk a.re · type .and are chiefly 
powered by hydroe 1 ectri c power w·i th supp.l ementati on · froin an on"'.'grounds 
steam plant: Raw materials including quartz·, coal, wopci chips, lime, · 
·b~ri tes, and scrap steel are charged vi a a tram sy·stem· from a 
pliysican.v sepa~ate mfx house. The mix i·S ~lted at high te~perature 
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and per.iodical:ly -~tle molten ~ta.Lis tapped into ladles or. . "pots", 
wh:I ch are-Ji ned .wi t:h either. a si.l.i ca sand-clay. _or ,a graphi te:-cl ay 
mixture . The·. molten_metal ·i.s then poured into 11 ch:il ls" and cooled. 
The final s·l abl..ik·e .oroduct. is. crushed ··and sjzed, then either stored or 
shipped • .The.re ls, a}so a. pa~k,ing proce.ss, ·although· .m9~t ·of the 
fi n,i shed meta.JS! a~e ·.shipped unpackaged by rai.l.. or truck. 

C. ~itene and Medical Surveillance 

·The Elkem -:iniustrial hygiene program wa·s adopted intact from Union 
Carbide. The staff includes a {ull-time .environmental engineer and a 
par.t-time· assi s·tant. 'Envi ronmenta·l sampling and analysis are. performed 
by the company; th.e r~sults a~e compiled on a semi-anriual basis. 
During .1981 ,. ·pElr·sona:1 ·air sampling..was:'conducted for total and 
respirahle particulates and respirable crystalline silica• .In previous 
years, workers had been monitqr.ed. for coal tar p.itch ·volatiles, carbon 
monoxide~ and v.arious meta·ls, including mangan~se, chromium, lead, and 
arsenic. The curtailment of these broader · assays paral'i els the 
elimination of ferromanganese, silica-manganese, aluminum and 
·ferrochromium alloy .production. 

Elkem mai.ntafos a mandatory r.espirator program whi~h outl ine.s, for each 
hazardous operatio·n, specific approved respirator.~ to be used by 
empl oy'ees·. 

. . . 

The El~em .medical.. -pr,ogram, lt~~ the i,ndustri~l hyg·iene program, follows 
that of Union Carbide. There is a full-time indu'strial nur·se and a 
physician ·whO:··attends· 'On a -regular basis. Physical exams ,and 
laboratory' tests ~re -perforll!ed a·t the time of empl.oym_ent and fol 1ow-up 
is on the. following ·basis: 

.AGE SCHEDULE 
over SQ yearly 
36,-50 ..·, every two years 
under -36 · · every three years. . . 

Pulmonary functi~·n tests -have been intrqduced .wi.thi:n the past two years 
and are interpreted by the plant physician. Th~ '·general piari is to . 
repeat .-them at: 5:;-year fotery~ls. Periodic ches.t x.,.rays have been 
obtai·n~d for over · forty ye_ars an9 are al so interpreted by the pl ant 
physician. films .with suspicous· findings are sen~ out fo~ 'a · 
radiol.ogi.sts ~interpretation. . .. 

. . 

IV. 
 EVALUATION ~ESIGN AND METHODS 
. 

.. 
A! Environmen~al 

Environ~ntal sampli~g was cond~cted during first shift production and 
maintenance activities on July 27-29, 1982. Personal and/or general 
area air samples were collected from the furnace department. (buildings 

http:monitqr.ed
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3 qpd 8), packing department (buildings 3, 6, 7 and 8), mixhouse, and 
· steam pl ant/ Workers were llioni to red for -dete-'nl'li n'iftion of exposures to 

res.piral:>le particulates·, crystalline si-lica, amorphous silica, silicon 
·metar, arsenlc~-- and fly ash-. The a·; r· sampl i'ng and· analytical 
rnethodo)·og1e·s· for the different types of ai.r ·santples are shown in Table 
I. Personal ·a·ir s·amp1ing devices· were at:fathed ·to· the workers' lapels 
and represent ·potential exposures since the ~orkers wore dust ' 
respirators during the workshift. 

Furnace department workers include furnacemen, tappers, and ladlemen. 
They wer·e evaluated for 'potential · exposur·e ·to resp~rable particulates, 
crystalline silica, and arsenic. Thirteen respirable particulate 
samples were collected ·from ttie flirna·cemen -and .tappers; Four. of the 13 
samples were ·analyz~d for crystalline' -si"lica·. Because crystalline 
silica was not .present in measurable quantities,-,the .'remaining nine 
personal samples were not analyze~. · Three respirable dust samples were 
o.btained from the ladlemen~ and two general air . samples we.re collected 
·trom the pot lining area; These five samples were analyzed for 
crystalline . ,._.. .. silic. ·a • 

Silicon metal and calcium silicon alloys contain small quant-i-ties of 
arsenic.. As a result, air samples for arsenic determination were · 
obtai ne·d · from four furn·ace ·tappers. Furnace tappers were . selected 
since they' ·appeared to be potentially the most exposed .group i11 the 
furnace department. Four general area air samples were coll etted in 
the i!11111ediate area of the furnace and, for background comparison, were 
al so collected outdoors at locations remote . ' 

to ·the· active furnaces. 
. 

Pa·c;king department ·employees were· eva·luated for potential exposure to 
silicon metal particulates generated du'ring crushing .and pack.ing 
operations. Respi rabl e dust samples wer.e c_o·ll ected from 10 employees, 
including a crusher, a cleaner, crane operators, packers, and a screen 
tester . Paired .general area air samples for res·pirable and total 
particulates were collected at the C6 cleaner. machine and the screen 
test area of the C7 crusher machine to determine the relative 
concentration of the respirable and non-respirable particulate 
fractions in the·se areas. In addition, four of the 12 respirable dust 
sampl'es were screened for the presence of trystallin.e silica. 

' ' ' 

Mi xnouse workers·, incl udi rig the mix unloader and mix . di"spatcher, were 
po·tenti ally exposed to dusts generated during transfer · and un·1 oadi ng of 
raw materials; · rwo respirable dust samples were collected· from each 
worker, and one air sample was collected ir:t the general area of the mix 
dispatcher. All samples were analyzed _for crystalline sili~a. 

. . . 
Steam plant workers were evaluated for potential e~posure to fly ash 
and crystalline silica. Three respirable dust sarilp.les w.ere collected, 
o·ne. each from the b9i l er operator, equipment attendant, and maintenance 
mechanic. A bulk sample of fly ash was collected and analyzed for 
crystalline silica. . 
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. . 
O.us"t coll.ector mechar:iics were potenti a11y exposed to airborne 
particulates while per.fonning maintenan~e work ·on ·the dus.t collectors. 
Respirable dust s-amples were ·obtained ·from two mechanics and analyzed 
for amprphous silica• . Bulk ,~ampl es of dust collector P.a.rticul ate, one 
e~ch from '· thi:! #3 and #15 dust collectors, were collected and analyzed 
for · amorphous and crystalline silica. · ··· 

B. Medical 

1. Cr.oss-sectional Aoaly.si s 

On O~cemb'e-r 21-~2, 1981, during the initial survey, a·n interviewer ­
administered me·di~al ·scree.ning qu~$tionnaire .was given tQ. twenty Elkem 
workers. W(?rker"~ _were _selected by t _he NIOSH phxsJdan frollJ the current 
seniority list as ·a r~presentative sample from all Jge groups and work 
si.tes but· with·o.µt s'tatistical ra·ndomiza.t1on. Questions .were dfrected 
towards .obta:ihipg i~formation on _pres~nt and p.re·vio~s ~tcup·~tional 
experience··, inerlica] history and habits, and current general · medical 
symptoms, wi~h. part1c:u1ar a~tentton to respiratq~y ··syrriptciins • . 

.. • • l ­

Following the initial visit, 86 sets of chest films from current 
11 811workers were. read by a NIOSH contract reader to detect 

pneu~OCQfl.itisi's {,r .the ..El~em. work fo'rce~ FilnJ.S were se,~cted. on the 
basis of serii ori. ty .w.i th at ·1ea·st ten ·'ye.ars of plant experi en{:e as a 
pre.:.reqt.iisite for fnclusion. Particul~T _job .c~te.gories werf selected 
consistent with estimations of g'reate·sf·exposore to free 'silica based 
on _.t .he NW.SH .~alk~.th.r,.~ugh i_f'!\'.e;stigatiq_n ~nd Elk~m' ~ env.iro.n~ntal 
mqnttorfng·~ Fo)J:r ser:i.al c.tl~sJ x.:.ray film.s, including ~he in(act 
ea·rHest. :an.d.:l'Jl<>s·t :r_e.cen:t f:il mfog were r.ead for '~ach work~t:". ·tQ eva 1 uate 
a_ny '.pro.gr~.~s.)'cfn' i:n'·lµrig le.sio'ris and op~cities.~.a)"id .tf 'contr.o:l for lung 
dfsea,se. tha(.was pr.e~~-~i"s't~ri~ or. emergi.ng ~t the t _ii:ne of ~mp1 oyment. 
Film~ we.r:e·· fil.terpreted a.G.c~fr~5n'g to the ILO/VC system fo~ . 
pneumoco'ni oses (:4)'. . •, . . . . . ; . . 

·. : . '• 

Pull)lonary' func:tion tes;ts (PFT) and. res·p.iratory _qµestfonnaires were 
ad,mi nj steriq ~p .a ·ran~~ni s.ampl.e _of thf.Il.k'ein ~orl(force' dufin,9 the NIOS~ 
fo·llow-up:_. jnyes.tig~t.iori, ·July 26-30.; 1982. A .random sample · of 93 men 
·was seletted·'us 'ing· 'a random numb·er tab'lf 'aild ·the ~most' 'c'urren.t· seniority 
lists of 457 workers. Because of recent pl ant ·1a/-offs~· this was an 
actu~l 30% . s~mp.Je o.f. t~e ac~ive workf~rce.. Th~. res~Jr:at~ry . 
questionnaire ·was interviewer a·amihistered and· .was dire'cte.d towards the 
eya1ua'ti.on of pr·esent ·~nd·'previ.ous occuj)ati'onal hi·s't'ifry;' 'the ··assessment 
pf . res·piratory' parti.c~, arly pulmonary symptoitis;: anci current' general 
medic'a1 . status. Questions were ba·sed on the· s·tahdarcf Aine_rit.an Thoracic 
Socfety lATS') que·sti onn.a'ir·e·~ ~mended to·incorp·of a,te' exposure and 
background questions specific to Elkem. ~u)~ona.ry. _fu~cti.on tests were 
performed with an Ohio Medical Model # 880 sp·; rometer ·usfng the 
prediction e,quation derived from Knudsen et.~- (5). 

·Folc~d vital capac.ity (FVC),. one-second. forced expiratory volume (FEV 
1) ~ and one-second ·forced expiratory volume percent (FEV .n;} were 

http:fu~cti.on
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ex!lflli ned using univariate and m.ul tivari ate ,techniques. The terminology 
of pulmonary function t~stin·g ·;s ·explaitied i.n A,ppen.cfix I. Criteria for 
a valid 

~ 
test are presented in 

. 
Appendix . IA~ 

PFT r~sui~s were ..analysed by analysis of varia_tice,: Ul ir1g a.g~, height , 
smoking hi story, pi ant empl oyme·nt ten.ure _and ~- c~rnulaJi~/e ine'~sure of 
exposure as independent variables. Pl ant yea·rs were·· take~ from t}'le 
employee hi story, but were not validated ·· by pl ant e,mP1.oyni.ent records. 
Smoking pack years are a multiple of the average_qaily niimbers of packs 
smoked times the total number of .year.s smoked. Th~t is 30 cfgarettes 
(1.5 packs·) smoked a day for 10 years woui'd amount to 15 personal pack 
years (PPY). Cumulative dust years are a multiple of milligrams of 
en_v.f ro.nme!ltal te>tal du.s:t co.~c=entra_tion in .a gi_ven ye~r an-d· <?,f. the total 
number Of years WQrked ..;._ that is, of lifetime in-plant du~t" exposure. 
Dust l_ev~l s .fo·r individual job Jftles and yea.rs were calculated from 
Unfon Ca"rbi de· en.vi ronmental data taken between 1972-81. · As a 
·comparable .exam9le, a· man. who workea for- .te.n ·years :..7: ··s of t.hem in a 
job -'categciry_w1th ~ mean dust l~vel of 5.0 mg/nj~_and .5. o,f :t~~m where 
the _me~ti 

of 
d_u·s:t. lev¢J .wa.s 1'.0 mg/i:n3 -- WOlJld)iav~ ~ C_~muJaJive dust 

e·xposure 30 llig/in3-years. An explanation of the method fo'll ows in 
App~ndi_x,.2. 

At tne request of the pl ant inedi cal .departmen.t; the most r~cent set of 
El.kem' s own pulmona·ry _functi.on tests. were ·evaluated i-n ord.~r to 
determine wh.ether ·theh~. ·was a systematjc 'discrepancy bet~een · the NIOSH 
results a·nd 'El kem' s .owrt tests_. · 

Medical que.s1;.ionnai res, :were ·an·alY;zed t .o <!~.t~~i)'1e cu~µl ativ.e. symptom 
frequencies .and to ·exa·mine the. a:ss.ocia'tiofr .betw.eeti yar'ious . exposure
fact<ir.s ·and severity o·f . syinptom~. A logisti,f:·_· re'.gf~isJi:>n.·analysis was 
ap~lied with ~-lther sho.rtn~s.s .of J.>.r:.e.ath 'P_r..ctir.onfc-.JH:onc~it'J_s'as a 
dependent yarible and ag~, p~ck'-yeii'rs and. ,d~sf-yea·rs :~.~ fn·depen·dent 
variables.' Chron·ic bronchitis was definei:1 by the p,rese·nce of: a 
productive cough on at least 4 days a week a·nd 'for three months a year, 
l_a~ting at .l~s~ 2 years._. Chronic cough_ wa.s defined using _th~. sa~e 
criteria, except that it i.ncl uded non-pro.~uc·t .ive. q>Ugh • . .Sho·r.tness of 
~re~th was defined as .sY~ptorriatic 'i_f ob~e.rved ~J.~n ~ill cl i~b'ing or 
rapid ..\'#alking an,d se.yere if capacity was 1e·ss t~an that of peers while 
walking on 1evel ground·. . . . . . , . ­

In ~~der -to·· dete.rmine the effecf of ·various bioi·ogical and 
enyironmental factors ori_a popu-1~.tio~· .W)t~. re~.o.gnite~ pu_lmo.na}'·y 
dis.ease, all workers with clinical chronic. obstructive 0.ulmona.ry 
d.isease (see ~ppeodi.x .I), we,re compared .to the no~l plant .,population 
for t~e fonqwi_!19 facto.rs: ag~, pa~k-ye~r:s. ·a,nd d.u~t,.years. · 

. 2. ~or.tal ity' :studies 

A proportfonal mortality ratio (PMR) study of deaths was Gonducted 
among active, disabled and retired wor~ers,, for deaths betweeo 
1966:-80. 1he . study utilized insurance records anf was li~ited to 

http:facto.rs
http:0.ulmona.ry
http:functi.on
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deaths afll<>ng. workers aged 44. years and older in .order to control for 
defi ci encies in death benefit records among younge.r workers.. The 
company personnel office .supplied death·.i nformation, copied from death 
certificated. on acti.ve,. d_isabled.. and retir~d ~mpl_oyees from 1961-1981. 
Thi~·.inforTjlation is !Tlai.ntained as part o.f a requ·isite company life 

. i'"surance .p,rcrnram·. By . 1-1.mi ting the· -study to workers aged 44 years and 
.older:, yo~n.ger short-term empl oy'ees•who m:i.,ght have .tr·ansferre'd 
insurance· poi°ic.ies t<> another :souce c·ai,, be.·. eliminated, .and. .therefore a 
source: of underreporting of deaths can be exc~ud~d. 

Base.~ 011.. the death records of 373 dece~_se.d wo'.ke_r's ev~1u~ ted in the 
PMR·, , a -.c.ase control study compared workers who died from pulm9nary 
clisea~e .with a 3,:-1 r~ndom sarymle. of workers who _dJe,~. f~om n<>n-pulmonary 
causes.. Independent vari ab1 es incl tJded ag.e at death, y'ears .. worked for 
Un.ion· ca-rb.ide; and a dichotomous division ·:of .deceased worker's based on 
jo~s w.it~·. gre.ater and ·.lesser. dust exposur,~.. I.n g~n.eral, .expo.sure 
dete.rminati ons paral le~ ed. inside or outs·; de work· assi.gnmen'ts as 
;·ndicate°d by·.job 't:i tle and department. W_here a job catgory' w~s 
ambiguous, available environmental records were consulted~ For 
example., al] furnace, cleaning and packi.t19, steam plant, and 
mai~te,n~nce. j.obs were cons1dered insid.e \t}ork. · -W~reho.use, . office and . 
J~ni-tor.i .al wQrk are i,nsi de but not .expos.ed jobs, h·owever ,_hec.a-use 
en.-yirO!))'Tl_enta). -records . indiqit~d ~ low lev,el of <tu.st e->c°pbsure." In a 
reci proca~ .cl as~f f.ica.tion, traffic depar.tment jobs were usually
conside.ted 'outs1de and less exposed, except as in the 'case 'of 
c-ru.sher.:operatqr.s ,, wher~ envi ronlT!ental records iridicated. a h~ gh 
exposure •.·, ·· ··.·.· 

. : : 

V. 
 ----'E.VALUATiON·-..,. CRII-ERIA:...... 

A. Envi _ronmeota~ .Cr.;t~e._r:.ia 

As·. a·. gui d~ t9 .the1 ~,vpl.u·ati on of ,the ha.iards. posed. ~Y. work pl cl.~e 
exoosures, NIOSH fi~fd staff employ er:fvi ronme11tal ev·alua~:i"on ·c:ri teri a 
for assessment of a number of chemical and phys·kal agenls. These 
cr-·i.te.ri a ~re. i.ntendeq.~to sug,gest. l ev.el -~. o.f exposur~ tp whi.ch .p10st 
worker~s m.~Y. be expqsed· ~R .t9·., _.10,..h~urs pe'r - day., .· 40 h_ours .p~r we·ek for a 
wor,kfog _l:i-fetime. w5thoµt _. exp~rt~ncit"t°9 act,ver:sf hEI~lth effects_. It is., 
·ho~~ver, ..imP.ort.an~ to note . that not'· all workers w.ilJ .·be prot~cted from 
~dv~:r~e:.,~eaJ. th:~J.t'.~,cts .if. _th~i r: exposu,r"e.s are .IJl:~/nt'a) ~e·~ below these 
Je_ve l ~-. · A. sm_a.l) .p.erc.ent<lg~. '!lay ~.xneri ence a~v~~r\s;~. nea:l t~ -~ffects . 
.because 9f .i:n~ivi~µal ~u~c.eptipfl:i-.ty, ~ pre-e~isJ;i.ng ~111edical condition,
an°d'/or .a ·hypers.en'sit:1vi'ty; '(a:nergyl. . . . · . · : · · ·, .. · · . 

. ., ... ' . . . ·- .,. ..... . 

In ad.di t_i _on ~ .. spll).e haz~rq9.u; s'4b'~ta,n~es'·ma.f~{t '·;·h ·~c6mbin~~i9_n· with 
oth~~ '1'.'0rkp\ace exposures-, t~e· generai · erivl,ron·llJ.~Tit, . or. witti' ·medications 
or P.e-rsonal h~bits of the worker ·to_~ro'duce Jie~l.,,.th e'fi)kts even if the 
oc~upational . expos~t-es ,are controlled !;lt . the lev~l set by ·tne 
evafoatiori cr.fterion.· These combined e'ffects are o·ften ·not considered 
in · the evaluatiori. ~riteri_a·.". AT so, some sub~t.arice·s are absorbe'd by 
d1rect contact with the· ski,:i and mucous membranes~ and thus potentially 

http:Jie~l.,,.th
http:pre-e~isJ;i.ng
http:u~c.eptipfl:i-.ty
http:imP.ort.an
http:cr-�i.te.ri
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inp:-ease the overall. exposure. Finally, evaluation criteria may change 
over ~he years as new information on the toxic effects of an agent 
become availab'le. 

The primary ·sources of environmental evaluation criteria for ·.the 
workplace are:. 1·) NIOS.Htriteria Docuinents and r·ecommei'ldations, 2) the 
Ameri can .. Con'ferente ·of ;Gov~r'nmental Indus·t'ri al ··Hygienists I :-(-ACGIH) 
Threshold Limit V13h1es (-TLV'·s), and "3)' the u.s.- oe:partment of Labor 
(OSHA) occupational health standards. Often, the' NIOSH recommendations 
and ACGIH TLV's · are lower than the correspohding OSHA standa-rd.s. Both 
NIO$H recommendations and ACGIH TLV's usually are based on more recent 
information 

0

· than are the OSHA standards·. The OSHA ·standards ·a·1so may 
be 'req1:1ired to. take into account the fea:sibil ity of controll frig 
e~p~sures ;~·various i~dtistries wh~r~ the· agents are· used; the 
NrbsH.:.recommerided standa.rds, by contrast, are ·based ·solely 011 concerns 
refati ng to. the "prevention of occupafi on~l disease. - . ·in·· evaluating the 
t xpo·~ure' leve_ls and _t~~· recommendatiorys : for' reducfng _these levels found 
in .this repo·rt, it · sfa,ul d be noted that·· industry is· 1 egal ly required to 
me

• 
·et 
• 

only 
• 

those 
• 

levels
• ~ t" 

· specified
• . 

·
• 
by an OS.HA: 

,
standard; 
. • 

. '· · · 

A tjme-w~i'gh:t~~ -avera.ge· (TWA) exposure refers to the average· a·irborne 
con¢_entration of a s~o·stance during a norm.al 8- to i.o~;hour workday. 
Som.f $µbstances have r~c·ommended 'short-ter·m ~xp_osure Umi'ts ·6r ·ceiling 
values wfrich are. 1ntended to supple'inent th'~ TWA"WhEfre there ·are 

. re_cogni ied . toxic- ' effec·ts . from high short-term 
• 

. e
. 
_xpo·. sures .: . . . 
• ' t • 

Table 2 summariz.e·s the environ~ntal criteria fo'r° -sainpled ·substances 
along with a brief description of their primary health. effec:ts-. The 
following discussion pertains to crystalline silica. si_nf~ ~xposure 
1 evel s were found to be in excess of the NIQ'SH' ·rec'ommen.d~d standard. 

The principle ~dverse health effect of cry'staliine· sllica · -is the dust 
related respiratory dis~as·e siJicosis, a fibrotic condi.tion of the . 
lungs. ·. A variety pf immunologica·1 abno~alit.i~s, most· likely related 
J6 lung injury have also been ctescribed (6).. · 

Cr.ystal1 i.n~ si 1fca, usua·lly r.ef~rr~d to as · free silica, is defined as 
silicon dioxid~· (S.i02) molecules a~ranged in·_-a' 'fixed p~tterri as 
oppos~_d t!) a .. nonped.~dic, random. foolecular .,a'r_ra·ngeme_nt de'fi~ed as 
amorphous si)ica~ . Ttre· three most commo.n crystallfn~. forms · of free 
~iJita. . en,count~,red ·;n indu·stry ar.e quartz, tri·dymitEf; and· cristobalite, 
with gl!ar:tz·.b.ei .ng··by far the :mos~ !=Om!11~~ of the:se •. NIO~_H·, _in its 
recoll111eildations for a free silica· standa"rd; ·has proposed that exposures 
to all forms of free ·silica be controlled so that 'no worker ·;s exposed 
to re:s.Pi.rable a.ir.Po,rne .!=or1.cen~rations gre~te.r ~h~n q~os J119/m3, _as 
avera.ged over · a 1.0-hdt.ir wor~i ng day, 40:.hour work week\· . This_ 
recomrnen.da'ti'on was designed to protect wprkers from· .silicosis. 
Exppsures to free silica grea·ter 'than ~ne-:hal f th.e r'e·c_o111mehded 
standard, o.r "action level", sho_uld initiat;e adherence to the.. 
environmental, medical, labeling., recordkeeping, and 'worker protection 
guidelines . ·contained in the NIOSH cri'teria ·document~ 11 

. . .. . · . 0ccupational
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Exposure to Crystalline Silica" (6). The current federal, or OSHA . 
stanqa_rd for fespi rab1e fre~ sil ic.~. e~posure i ~ a~ ~-:~.<?Ur time- weighted 
average based upo11 the 19Q8 ACGIH TLV formula· of .10 mg1m3 divided by 

. the percent Si02 pl u.s 2 (lOmg/in~/%Si02 + '2· ) for respi table 
quartz. One-half .lhis -:·amciurft was established as the ·1fmit for 

·· cristobaii~e ~'rig t)'.'idymite . ..Ast:~~ ~e-· s·een . ir.oni the c~1~u1a·i;on, the 
OSH}. regulation i_s base~ on. tt)e ·P.erce11tage of free ·sn ica ·-contained in 

· the respirabl e parti cul atf e~P,Q~t.ir~, wi1~reas the NIOSH recommended 
slan~ard ~pplie~ directly -t;o the air_bq_rne chncentrations of )'.'espirable 

· free silica. · 

VI. ·RESULTS AND DISCUSS'ION 
. . . 

A. Environmental 

A suimlary of the environmental sampling ~~ta is presented . in Table 3. 
Sampling results for the various contaminants -are presented by pl ant 
l.oc~tion in Append_i~e.s 3-7 . 

1. Furnace ~epartment 

Results· of· the air samples colle·cted from the furnacem~n arid tappers 
indicate that, at the time of. the evaluation, r_esp_ira~1e· p_articulate 
and crystalline silica concentrations were well· wftflin the exposure 
guideli_nes (Appendix 3) • . Respirable particulate _l evels were generally 
19w, rang·ing from o.-01 · to '0.47 mg/jn3_'('average o.;2i mg/m3) _. pt the 

. three samj).les collected from the. ladlenien for silica determination, two 
WEfre · no"nde.tec·tahle, with re!fpira:ble_'ch.i·st leve·ls' of .O.ts··.·and ·o··.38 
mg/m3". Thes~ two sampl'es were tak~n fj"om· ,.adi emen wh~( w'~~e 'pr.imari ly 
en~age·~ fo· ·s) .a9.. -~emoya_l a·n"d ~~.t.iet· -~u~tJ eo:s .w~er~ th'~ P.~·t~~ti°a)· for ·s~1i ca . 
exposure was ·.!'limmal. T~e t_h1 r.d...~amp·l ~, wa~ reported ·~~: '9.·.~9.65 mg/m , 
or -a~proxiT~te}y _'1"30%. ~( th~ NT,P~W r~d>TTwnendef's.t~n.dard o:r ~:o?o 
mg/m • · This s·ample, rn contrast · to ·the other two, was ··obtain·ed from 
a ·, adl ema'n.whd ·spray.:'li n~d 1adl es wi th ' 'a: . s{i i ca ' ·sa'nd/cl ay mf,c°ture. 
Fourteer, percent of· th·e pa~ticulate weight .for 'this sample consisted of 
crystalline ·s·;nc)i~· In this iristahc·e: · t~e OSHA.-.PEL would be Q.63 
nig/m3 ·(10· mg/in3··li'vided b.{%S102+2_),- a~pyt,_10:_ ti_mes :_~igher tha_n 
the measured level. Both general area a,r samples ''did not contain 
detectable quantities of cr.vstal line silica, , \'f]"~.h ,1~-~t,_, c~n~entrations 
reported at O. 05 and O.15 mg/m3. The air sarnp·l e.obtai.ned· 'in· C3F 
i,:,dicated that the dust. produced by the . spray . lining operati_on was 
mai nlj .co~ri r:1ed·' tb:. 't'he. ii#fiedi ~.te .y, ci

• .t 

nfty ·of-: l ad·l ~rir~·~\ .·. ·;· 
:° • ..... : : • . •, ~ . • • .. .. •• . 

t~e .. 
• . \ ·. ': 

All ··of· 'the personai and gener.a1 .area air .sarnp1es··follected for arsenic 
wete b.el.ow ·-the enVirohinentai Hinit of tlet~~f1ol1 :_:0ess than O.ooos 
mg/m3 ') '. ··· .-,· ;'- · ·· ·· · · , · ·: 
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2. Packir19,f)epartment 

Environmentaf samp,1.e~ ·obtained from packing d.epartme~t emplqy~~s showed 
respirable silicon· p~rticulate GO~centra.tio_ns r.~nging from 0.08 to 1.01 
mg/m3, .,av.er.a.gi ng approximat.e~y ..0 .34 mg/m3 (Ap'peridi x ft). In the 
are.a ·of ·the cleaner mach'irie the 'total 'ifarticulate lev.el was measured at 
0.. 92 mg/m3 'while 't:he :respirab,le fr-ac.ti9n was ·~asur.ed .~t 0.21 
rrig/in3. : I~ th:e $Cre~ry ..t~st ar.e·a of.,the q crt.i.sh~r ma.c.hi .ne th~ total 

· partic~late and .respirable fr.ac~io'ns ~ere... m~~sur~d .at. 1.~9 an4 0.28 
mg/m3·, respective1y. The·se values suggest that approximateTy ·.20% of 
the airborne dust in these areas is respirable. In addition, the total 
dust levels measured in the immediate area of the cleaner machine and 
crusher machine were at the lower end of the range of dust' ... 
concentrations reported in Union Carbide's environm~nta.1 .m~nitoring 
records for si~ilar samples obtained during calendar, year 1981. This 
.may reflect d~pressed ,production at the time of the NIOSH study, as 
only ~wo ftirnac~s w~re in operati~n. · 

The four air samples a,nalyzed for crystalline silica were nondetectable 
and, as a result, the dust levels reported a~ove are comparable to the 
threshold limit value (TLV) for nuisa·nce particulates - 5.0 mg/m3 for 
res.Pi rabl e pa,rti cul ates and 10.0 mg/m3 for tot.al pa.rti.cul ates. 

'3. · Mi xhoi,se · . 

One of two respir~ble 9ust .samples obta'fne~ from the flliX ~ispatchers 
q>n.tai ned 'detectable levels of .crys.t~ll i ne silica, . repo..rted a.t a 
concentr~tion ~>f 0."043 ' mg./m3 (App~n~ix ~) .• Of signlfica_nc·e . were · the 
re$uJ~s.., of th~ ,tw~i air.. sa·mple} coll~ct~~·.from the he~d mfx unroader 
.indflfat:ing ~xc~ssive : ~rys.tal.lirie ~ilf.~a cont:entrations of .0.13.1 and 
9.2.23 mg/m3, about 2.' 1/2 ~~ .4 1/2 .times hi gh~r t~·an·):he NIOSH . 
re·corinn~nc1~d sta:ndard • . Both ·samples wer~ below ttiefr respective 
c~l°c~lates:t 9SHA pELs of 'Q.20: and 0~40 mg/m3_• . Th~ ~.il:ica 
.C.~!lG~ntratio.n for the g.eneral area air ~ampl.7 'tf~s . r.eporteQ .at 0.032 
mg/m • All four samples \'.'here crystal l, ne s-1 l 1 ca .was d~:tected · were 
in excess· of ttie action level (one-half of the. NIOSH. recomme.nded 
standa.rd}' the level at . \';lhi ch engi n~e-ring ' :and/or admi nhtra.t,ve 
controls . . . 

should' . . ~e instituted. . ' 

4.". Steam P'l ant 
. . --·~-~ 

Air ~ampling. result~ ' f:or steam piant employees ar.~, Pr:'~~ented in 
Appendix 6. Crystalline silica was detected in .one· of two air samples 
(one samp.le was Jos.t during analysis), . at . a cpncentr.ation of o.~051 
mg/m3. Th,s samoie,' ·obta.ined. from the. equipment' attendant, is... 
equivai ent ' to the NIC>'SH criterion but represen'ts only° about ,llt of the 
calculated OSHA PEL of 0 ~45 mg/m3 based on a quartz content of 20%. 
Fly ~sh concentrations averaged 0.16 mg/m3 (range: 0.10 - 0.25 
mg/m3). These concentrations were below the OSHA standard of 5.0 
mg/m3. The bulk sample of fly ash contained about 6% ~rystalline 
silica; no cristobalit~ was detected (less ~han 1.5;). 

http:standa.rd
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5. Dust Collectors 

Qual itati-ve. X-ray di ffrattion results indicated that bot.h· bulk samples 
of dus.t collectr.>r dus·t were compo~·ed' of amorphous· materials; no 
crystalline silica 'was detected·. The s·am.ple·· from #3 dust collector 
conta·ined up~to 89% amorphous· silica an~ some pQtassium and calcium, 
probably in the fonn of oxides. The other dust sample, from dust 
collector #15; contained mostly amorphp~s silica (up to 61%), calcium, · 
iron, p:otassi'ul)I and sulf~r, again probably _in tt)e form of oxides. 

The two personal · samples obtained from the dust ·collector mechanics 
were measured at 0~27 a·nd 2.24 mg/m3 (App'endix 7). Assu1m1ing·· that 
the particulate ln these samples mostly .contains amorphous . silica it 
wou,.d be prudent to apply the ACG IH reco·rilhended criterion of 3 mg/m3 
for. re·spirable amorphous silica. · 

B. Medical -- Cross-sectional 

1. Screening Questfon~'ai re 

. Results' from the initial ·medical questionnaire indicated that shortness 
of breath and cough wet~- hig~]~ pteval~nt and that cigarette 'smoking 

. 	~ro~~ could not account for the frequeDCY of ' shortne~s of breath or 
cough~ , It .was on the basis of these findings -and ari a,pparent elevated 
mortality from pulmonary disease (see below), that· a furth~r assessment 
of pul~onary function was considered warranted• 

. :: . "'. ···. 

2. Radiograpnic Analy~is· for PDeumoconiosis · 
. \ .. . . : .. . ~ . . : .. 

Eighty-six ·s~ts of ·.chest fiims·:froin current .El kem employees were 
asse~bl'ed 'and .i nt~rpreted by· a·qual i'fied · 11811 reader*. · There , were three 
diagririies 6f bneu~6conicisis ~~ ILO/UC classification q· l/0 ·~~ and one 
additional ' ca,se ·suggestive of pneumoconiosis -- ·n .:·O/UC classification q 
0/1. Workers wi'th ·pneumoconiosi s ·were 'emo16yed in 'th·e furnace, steam 
pl"ant an'd mainten'ance ··departments ·. · Al 1 worker~ . had greater ·than 10 
years' of seniorit.Y:.at El Rem/Carbide; none: h~cf radiologic evi·dence of 
dust disease on the ini-tial chest ·fil'ni in · their series. The ' date of 
the initial film was usually iQ~ntjcal with date of hiring, except 
where radiograph deterioration precluded 'an__.ititerp,r':!ta'ti on of the 
initial film. 

:~. 

In · a'ddfti ori ' to.. the ·fi ridings o·f ·pneumoco11i-as1 s, · arr asb·estos · plaque was 
observed in one worker and other ··abtiormalities, unrel'ated '"to ·:,dust, were 
reported ... in five workers • 

. . 

Of ·160 :·x;raJ"S. talc:en :between -1975--82, tne NI0SH reader f61Jnd , that 79 
(49%} ··were o'f paor ·or ·unreadable ·quali-ty~ Elkem mana'gement· and the 
Oil, Chemical and Atomic Workers were informed of this result. 

* A "B" reader is a physician specifically trained and lic~nsed to 
interpret and codify environmental dust diseases on the basis of 
chest ~-ray. 
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3. Respiratory Questionnaire -- Follow-up Study 

~espir_atory que-s.ti_onnaires we_re. completed on ~3., E-lk~i;n ~orker.s , {Table 
4)~ Forty':".three men (46%) ha.d .sympto.'!!.~ af _a c_hronic cough, .a·nd 30 
(32%) satisfi_ed th.e c~.~~ ~efiniti.<rns _for ~~ro_nie bronchi.tis. Severe 
shortness o.f .~reatn . and bronchosp_asm we.re l e,~s freqi)e.r:itly reported -­
10. 8%· and: .9.• 7%, resp~c.tJ .vely. · . 

. · sm~~ing hi ,~.tory . a~~mg E.lkem wor~ers W?·?_.as :follp'1S: - ~$ workers were 
non-smokers, 48 were current smokers and 30 were former smokers, having 
stopped smok.ing s.i x or more months pri pr to the. NIOSH study,. The 
ave rag~ . total consum.pfi on was 24 PPY fo_r 'the er.iti.r.e work force, 
i ocl u.rli ng. c~rrent, former and non-smok~r~ ~ The.. range incl u~ed 0-100 
pack year~--· . Th:i rty- ~p,r;~.e per.cent (31 men) of the.. interviewed group had 
smoked fewer than 10 pack years; eighteen of these men had never 
smoked. Thirty-one men (33%) had accrued ttii rty or more pack years. 

·The prevalence of chronic bronchit"is (32%)' repres~nts an approximate 
two-fold increase, ~hen compared to some normal PRPUlations (11). There 
were no significant associations between the variables of age, 
pack-v~ar,~ ,', and dust-.v~ars qryd chronic · bron~hi tis, ~hrorii ~ cqµgh or 
?hortn~ss of breath. ~ge ~pproached statistical signiftcance ' for . 
shortn~ss qf breath (p<.lOJ, as did smoki~g f6r ~hrpn}, cough (p<.15) 
and chron'l C bronchi ti S fp< ~ lQ), but neither was .Si gni ffcanf ~t the .05 
level (T~bJe 5). · 

Because prior exposures could influence current respi rator.v symptoms, 
there was extersive qu~.~tioning ,about prJ,or .work _. ~1stQry, particularly 
at worksi tes other than Un"i'on Carbide. Prior work tha't was considered 
to involv, ~ DOSsible previous dust expos~re inclu~ed: minjng, 
.quarrying, -rD;~~ drilling and .t~rineling, work fo a c<;>ttq11 .m1~·1, 
-sandblasting a:n~ foundry work. Only one memb_er of the study group 
reported work'ing mpre. than two ye~~s cumul.atively in any of these jobs, 
and no one _had _wor~ed more . than s·years. No on~ had. worked more than 

. one y.ear in a non~c.arbi c;le dusty .job .after 1950.. Fo.r these rea.sons, 
dust exposures from -other occupational source.s were not consj,dered to 
be signiffcant c9nf~upding issues. 

. . ~ . . .

4. Pulmonary .Function Testing 

Pulrrionary function ·tests were performed on 86 of 93 men (Table 6) • 
. Seven wene exclud~d .~ecause . of COf!Curren.t .respiratory -infect,ons or 
. : recent use .of bronchial . m~di~ations. · · 

Different statistical models for age, height, plant years, smoking, and 
dust-years :S~owed ._ag~ ~ng plant .years to b.e mu.lticq.llinear.• That is, a 
given worker's age and seniority wer~ cons1stent to the point of being 

http:W?�?_.as
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s.tati~tical'ly interchangeable (t·able· 7). · aecause multicollinearity was 
not. Qbse.rve.9 betwee·n ag~; height, smok fog· and dµst..:years, and because. 
th'e stati stfcal models w~fre n~·worse, wllen plant years were excluded_, 
'this va_riaple w~.s ~]im'imit,e9 from .fur~her analytical consideration. 

Multi va.ri ~·te .a1'1.·a-1ysj s; . al sp c:all ~d multi pl_~~regres.si ~n ana1ysi s is a 
means to assess-' the·· contdbuted role of different factors such as age, 
heigh.t ; · sm.okir1g, etc.,' on a s'ingle effe'ct such as pulmonary · functon. 
Multivariat~ analy~js (TapJe. 8) st1owed age to be_significantly 
associ.a·~ed. ~; !P.} .1_'9ss in ~EY1 .~_n<:f f.VC ·but n<?t FEV 1~. Pack years 
were not· s1 .gn1J1·c~r:itlY ass.oc1a.ted \'.11th loss of FEV1 and FEV1i. 

Dust years ~ere 

. .. •, 
:n. ··&f . stati'stica. ·lly· as·sociated 

. . with volume changes • 


In Table 9, c;hr·on.ic obstrµ~tiVe .P.1:11.m~nary dise~se .(COPO) _;s ·examined 

~m~(lg _cases . an'd· non-:Jase~ acc9_rdJng 

t~.i 
to ~·g·~; ~m~kirl'~. histqry and 


du$t.:.y~ars. co.~p-'f'?S_defi n~d ng th~. 'fol H>wi n~ cr'i teri on: 


· AGE . Norina1 FEV i 't 
·~ <30 · >74% · 

·_ 3·p·-sg : >69't 
->60 .. >64% 

Age and smoking are strongly associate(.with COPO,.·whereas dust 
exposure .is ~ot, al though Jt·.appf9~ch~s s.t?t.i st1 <?a1 si gni :fi.c;ance 

· (p<l5't). :-·~~ver.the1ess·· cumliJ ~tive=··dus ~.e)<p6s'i.1res ·cif!lotig El ketn workers 
· with 

••• • 
COPD

• " 
-
'·· 
are 

·-... 
32i 

. -~ 
g·re·ater 'th~n amcing workers ·.who· are ·not '. affected. 

Alth9Ugl:( ag~.. and :srttoR.i
'··~· 

.11
..

.9 

.. at~-tn• -"t'~ :9rf\ ... 

:
: ~

str!J
;. 

.rygly 
• ••••

a~_so¢f~tfd
; ••• ' -

~' ~i~t(COPO 
, t ~· · · 

and 

incr~as~9' age j_s .·as'so¢'i'ated: wfth·:. i ncreas~d· totaF dust exposure, 

indepe~d~~t 9f -~_nf a$SOC!~t'f9:n: betw~~r-· d(}st and ~Oi>D, ·it;. is a 

su_gge..st.ive· tr~na;··..· ·.. ' · · . . ' .. . . . . 

'in a~d{ti9fl .·: t<>" _t'ne prev~ou; _age°"telated s~~·;·~_:f~r ·COP.D,°tt,ere is a 
stanaard ':tlfofcal definition .for restrictive· lung disease '(RLO), which 
is an FVC.t6f ~80ct' "of''p're'd':icted. ' ·on the···basis ·of these -' empirical
di vi si o~s, -)3' ~prke,r's_ ' (.15%'l' f1aci obstr.ufti'v~ .'pulmona·ry"·disease' 4 (5%)
had restrtcti've '•c1·; sease··; ,:an'd:;'f :·:fSi') .. h:aa· mi xe'd obstruc'tive .and 
restrictfve disease. ' : ' . ::::·· . . : . . ·. ;) ' . 

In 
. ·:• !: ·;~ .', ,.) \ '• .i -· 

the .Kn~dsen :pr·ecfh:ti ofr e~i.Jati ons·, smok.ers are exel uded·. ·It 1s 
therefore'' note~'orthy' that ~fthough>v5% ·!of E-1 l<'em:~: worR·ers=had-·a past or 
current .sinokl'ng-h1ftoh·~ the 'gr~iup FVC ··was . 97% ana ·the i='ev ·1 was 93% of 
p'redictea,- wh¢n ·t~htpared·' fo the-' i<nud'sen 'non~·smok ihg ·n9rll!a~ s:·(Table 6). 
Either baseiine···· pulmonary funct·10n among·· Elkem workers· may ' have been 
superior . tcr· the· K'nu-as·en feference popui ati oti; ch·<pos>si bfy<-ttiere may 
·have been a si grii fi cant ~r.op-out from empl 9yment 9f wqrk~rs _with 

ihferior'pfrlmonary pe'rf(>rmarke'./'fe·;, :peqpie·~:at' ' t~ei loweriena of the 

scafa ·who coul dn'-t do th'e ' ~ork~ ·.. . .> .·· . ; ": ·· ,. .1. :• 


. . : . 

One of the --unusua,- charatteri sfi cs of the Elkem popul ati'ori is that in 
terms of age. and plant-year experience, workers fall into two distinct 
groups (see Tab.le 10). Of 88 workers who completed qu_estionnaire dat~, 

http:FVC��was.97
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?4 fell into an older age group (S0~.66.) with a m~d,ian jlge of 56. 
Tryirty-four w9r~ers were in the younger ~ge group :(ninge· ie-42) with a 
med,i an . age of ;3'2 ~ 

.
T.hi s 10 year gap fo . employment reflects. a 1ack of 

hiring in the 19S0 1 s, ' given a stable.. an~ .aging· post- w_ar pop·ulation and 
a gradually decreasing total plant' work force. It is· intetesting that 
the yearly los~ _of volume ir:t F~V l . among, y9u.n,g.~r)•(Ofk~rs exceed~ that 

~ 	 of th~ _ol~er. wor~~r;s (0'.06 ~o. .O:P4L . ~.i'.l · obse'rv·atH>n which. i's in general 
contr~di cti on with no,rma1 pul m?nary ·. fl.Inc.ti .cin par~meter.s f14). 

T~~- Elkem medical de~artment. r~q1,1~s·ted_tb~t the NIO?H pulmonary 
fun¢tf~n tests results ~e co!'np~red ~it~-.. r~..Ce!'lt El k·em · tests. on the same 

.. 	 :in~ivi91,1als . The.re.. were 88. wo.rk~rs for wttom NI.Q_SH tests could be 
matched with an equivalent Elkem test, taken within 12 months of the 
NIOSH test. Ther:~ ~a.s .~onc.~rr..enc~. in 56 of.. 88 tests.. (64~), However, 

. EJk~m tended t_q repq,rt.,l arger. '(Ql umes . f(?_r. b9th_. FEV 1. an_d FVC than NIOSH 
wJ·th ~ great~r. prop9·r:tion· ifi<;:r.ea.s.e . in 'the ,FVC. ·Th·e ·resuJt .was a 
smaller FEV1/FVC ratio so that C_OPD was· d1agnosed more· freq·uently 
29 cases out of 88 workers (33%). Because, the volumes were 1arger, 
inadequ~te ·inspiration or technician erro'r are unlikely explanations 
for t~~-comparative differences. The 'dfff_erences are most 1ikely due 
to ma~njne . . 	 in accuracy or to a biological . difference related to season. 

_5. Mor.ta.lity .. Stud.ies . 

,it',Proport.i.onai..M~rtality, .Ratio .' (j~MR) study .of deaths amQng· active, 
disabled _qnd ret,re'crwork'e,r$,, ,ir)c~usive .. i?.f the year_s 1966-89 , is 

. reported ory Tab1e ll.. .. Al thg~g-~ .th~ prop_q_rtional rate of .death for 
s~~~r~l typ.es of, ca.r:ice·r, inc,11,1-~ing: Jµng·and 1~rg~ : i~te·stine·, are 
greater th'an f_or th_e'. general populaticm, the~e eievatio~s:are not 
·statistically significant. There is, however, a statistically 
significant excess representation of deaths from respiratory disease, 
P~l'.'ticularly fr9m ~hronic obstructive lung dis~ase (COPP) ~nd cor 
pulmonale., which !l~ve a PMR of 148 and 187, respecti ,~.e1y·. An issue of 
appropr.iate· c.ompadson arises, since p~lmonary.. de~th r;ates are elevated 
in general for West. Virginia .i .Qhabft~nts. Irt -'1~70 Un.it~d ~-t~tes death 
r~tes . for pn~~m9ni a_and -i11fl uenzf..and...-.:for .COP~ _.w~re 30~9nOO,OOO and 
15 . 2/100,000, respectively, but in West V1rginia · tney were ·43.9/100,000 
and 22.8/100,000. If West Virginia death ~ates were ~~ed, for 
compari soQ, the proportion Qf. d~a~hs frQIJI...r~spi r,~tory ~a~ses among 
[ll<em worker.s .. ~swould. not be elevated•. Al:though..' s~veral ..specific 
cancers, such . .· sa_r~o111as ainpng th~ r~ti re~s, · may ·app~~r to be 
dangerously e.leyat.ed, .. because qf ttie small num,be.rs invqlvect, no 
statistical inferences have been .made where under five cases have been 
observed.. 	 . .Mortal . . . it/ . . 	 . from hea.rt . ' 

. di $ease . .wa. ·s· not' e] evated above expected.
' • 	 • ,• • I " • ' ' • 

-In· TabJ e1~-, . re.su·1.ts· are Pl'.'e·seoted ftorn' -~ ~a'se cQri~rol,, s~udy comparing 
age at death and number of years employe·d by°Un,on ·carbj~e for 30 · 
workers who died of respiratory causes and 97 workers .who died of other 
causes. In a case control mortality study, people who di~d with a 

http:num,be.rs
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particular condition are compared to other people who died from other 
causes, to seg_ if. there is s.ome si gni f.i cant di fferenc~ betwe.en the two 
gr.oups, in order to s_hed 1 i ght on the. cause of qeath. Workers who died 
from pulmona.ry ~~~s~s ·had sta.ti .stically fewer years of. employment 
(22.06 vs. 25.29 years) but · there was no signific~nt ~ifference in age 
at death. Twenty thr~e of the men (77i) ; who died of pulmonary disease 
had worked in dusty areas; whereas 64 men (69.1%) who died of 
non-pulmonary causes ~orke·d in dusty areas. This difference is not 
statist~~~lly significant. 

VII. SUMMARY. AND CONCLUSIONS ­

The investigations which· we undertook in this hazard evaluation were 
intended to evaluate the nature and catises of a high prevalence of 
respirat(?ry· complaints qbserved on. the scree~ing questionnaire and to 
evaluate reports of elevated mortality r~~es. · 

The fin~ings of excess levels of airborne sjlica co~~led with the 
detection of pneumoconiosis . in 4 of 86 workers underlines the 
persistence ~f ~ilica as a continued occypational ~azar~ in the 
industrfal .environment (6,1,7). It is noteworthy t~at the three areas 
identified by NIOSH ·as potential sources of exposure -~ ladle lining, 
the boiler room and the mix~ous~ ~~ were the only areas with levels 
exceeding the N.IOSH .. re~ommende~ st~n~~rd. 

The identification tiy question·naire of 30 cases (32%. ·of workers) of 
chronic bronchitis .suggests a level of disease in excess of the usual 
rate observed in similar ·workpl aces {11). There are · seve-ral mechanisms 
by which dust has been implicated in the etiology of ·pulmonary . 
infection and. i.nsul .t {18.19). In the present. study, neither estimated 

. co.m.ul ativ~ d'u:st :~_xposµr~ 'rior . cumul ~tiv_e . smok,ing cou] ~ 'account for the 
high preyalen~e o~~ronchiti~~ 

The elevateq proportion o·f puimonary re.lated death·s indicated by the 
PMR has .n.o ..sati.sf~cJory expl~na:ti on.,. It may be accounted for by a 
factor such as the '\en.d~nc.i .of local : doctors to ascrjpe· _primary cause 
of death

on
. to 

' 
p,tilmonary diseas.e/when a irian is known. to>w.ork in a dusty 

trade. the· oth~r ti'and, pu'lmonary 
a

cfeat.ti's. are gene·r~lly reduced among 
working populations because of· selectio'i1 at ar(eariy age against men 
'.'Ii th. a lj~i ted -~9.r~-..~apa~1 t,y ?ue .to. respir~tory !mpa_i ri1~.nt • . 

It. ~-hould ·a1$·0· ~~ noted ·that _t~e PMR -.is _a,·$ehsitiv~. to<;>l. for detecting 
unusual proportions of deat.h, partiq~l.arly fr9w Gatlf~r~ ; Although lung 
cancer deaths were not elev'iited 'statistically, they° 'were ' elevated 
~umer~ c~J. ly ,.~boye . th,~. e~pe<;~~d. Thi~ j s .of par.ti cµ}.~r _c~nc~rn, given 
the' i>As·f .i>resen'c.e o.f . ~r~en'i c 7'.- aw~n .aeJcri b·~:d: t .?~.s'<f of 1ung cancer 

at· l~y~1s severa·1 times ab'?v~. the NIOSH recomme·ndea standard (15,16). 

http:pulmona.ry
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VIII. RECOMMENDATIONS 

1. 	 Author.i z~ ·11 8 11 reading of chest X-rays pn· the full workforce from 
th~. furnace, steam plant and and mix-house ·areas·; contfoue this 
pr.actice··o.n all subsequent films on worl<ers from these 

. with 'finof~gs 'of pneumoconiosi's' should be tr.a.nsferre(I to 
·areas. Men 

a less 
exposed area of the plant, unless silica exposures ·can b~ reduced 
b·elow ·the ·N,IOSH reconwnended ·standard. · · · · · 

2. 	 Where feasible, crystalline silica.. exposures should be maintained 
below the NIOSH recommended standard Qf 0.050 mg/M3 throµgh 
implementation of engineering and/or .a·dmin,strative controls·. 
Continued use of respiratory protection should be regarded as an 
i nterjm control measure·. · · · 

3. 	 To adequately as~ess the ~ealth ha~ards associ~ted with jobs that 
involve contact~ith fly ash and/or coal dust, ~ir ~amples obtained 
by the comppny from steam plant employees should be analyzed for 
crysta~ .l i.ne· si ·l ica. 

4. 	 Warnj ng_s:i gns shoui d be_posted at area·s where pot_enti al excessive 
exposure to fly ·ash or coal dust ·containing free· silica. exists. . . 

5. 	 An educ a ti on program should be establ ; .shed whereby worke:rs are 
provided i nformat'ion on: heal th hazards· ·as·soc'i ated with the various 
substances encountered in the workplace with special attention on 
silica ; · · 	 · 
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XI. DISTRIBUTION AND AVAILABILITY OF REPORT 

Copies of this report are currently availabl~ upon request from NIOSH, 
Division of Standards Development and Technology Transfer, 4676 
Columbia Parkway, Cincinnati, Ohio 45226. After 90 days, the report 
will be available through the Nati-0nal Technical Information Service 
(NTIS),' 5285 Port Royal, Springfield , Virginia 22161. Information 
regarding its availability through NTIS can be obtained from NIOSH 
Publications Offi ce at the Cincinnati address. Copies of this report 
have been sent to: 

1. Elkem Metals Company 

2~ Confidential Requestor 

3. OCAW, Lo~al 3-89 
4. NIOSH, Region III 
5. OSHA, Region III 

For the purpose of informing affected employees , copies of this r~port
shall be posted by the··employer in a prominent place accessibl.e to the 
emplQyees for a period of 30 cal endar days. 



TABLI: 1 

Sampling ,and Analysis Methodology 

Elkem Metals Company 
A11 oy. West Virgi ni a 

· HETA 81-357 

July 27-29. 1982 

-----------~---~~- ·~~----------~­
Collection Flow Rate Duration Detection Limit 

Substance Device (lpm) (hrs) . Analysis mg/samole Reference 

Crystalline Silica PVC filter with lOT1111 
(respirable} cyclone* 1.7 6-8 X-ray diffractio~ 0.03 1 

PVC filter with 1/2 
inch cyclone** 9.0 5-7 X-ray diffraction 0.03 1 

Silicon Metal PVC fflter with 10mm 
(respirable) cyclone 1.7 6-8 Gravimetric 0.01 2 

Si1 icon Metal 
(total) PVC filter 1.5 7-8 Gravimetrf c 0.01 2 

Arsenic Sodium carbonate 1.5 
impregnated cellulose or 
ester filter 2.0 7-8 Atomic Absorption 0.0003 3 

Fly Ash PVC filter with 10mm 
(respirable} cyclone 1. 7 5-6 Gravimetric 0.01 2 

Amorptious Si1 i ca PVC filter with lOrrm 
(respirable) cyclone 1. 7 7-8 Gravimetric 0.01 2 

* personal sampling 
** area samoling 



~- .. . ---- ---·,-- . ---- . 

TABLE 2 

Evaluation Criteria 

Elkem Metals Company 

Alloy, West Virqinia 


HETA 81-357 

------- ------------- '----·-------- - -------­

Evaluation Criteria* (mg/m3) 

Substance NIOSH 	 OSHA ACGIH Primary Heal th Effects 

-------~----------------- ­
Crystalline Silica 

Reference 

(respirahle) 0.050 	 10 mg/m3 10 mg/m3 S~licosis: a pneumoconi·osis due to 
~ivi ded by divided by the inhalation of silicon dioxide 

6,7,8 

% Si02 + 2 ·i Si02 + 2 contai~i~g dust, whi~h is a dis­
abling, progressive, and sometimes 
fatal pulmonary fibrosis character­
; zed hy the presence of nodu·1at ion 
in the lungs. 

Si1 icon Metal 
(respirable) 5.0 5.0 Regulated as nuisance particulate. 7 
(total) 5.0 10.0 Excessive concentrations of 

nuisance particulates may cause 
unpleasant deposits in the eyes, 
ears, and nasal passages, and may 
seriously reduce workroom visibility. 

Fly Ash 
( res pi rab le) 5.0 5.0 Same a·s above 7 

Amorphous Silica 
(respirable) 3.0 	 Amorphous silica has been shown to 9 

cause fibrosis and significantly 
decreased 1ung function in monkeys. 

Arsenic 0.002 0.010 0.200 	 Arsenic compounds are irritants of 7 ,8,10 · 
th~ skin (mucous membranes and eyes; 
a·rsen·i ca1 dermatoses and epidermal 
carcinoma are reported risks of 
expo~ure to arsenic compounds, as 
are other forms of cancer. 

------- . -- - ·--- - --------------------
* NIOSH criteria represent .time-weighted averages (TWA) for uo to a 10-hour work<tay; 

OSHA standar<ts an~ ACGIH threshold limit values (TLV) are TWA's hased on an A-hour workday. 

­



------------------------------------------------------------------------------------------------------------------------
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TABLE 

Summary of E

El kem Meta·l s
Alloy, West 

HETA 81-

July 27-29

Re·spi rah 1e 
Job Crysta11 i ne Respira

De

3 

xposures* 

 Company , 
Vifginia · 
357 

, 1982 

Respir'~ble 
ble Sil icon Total Respirable Amorphous
late Metal Arsenic Fly Ash Silica 

mg/m3 mg/m3 mg/m3 mg/m3 

7) 
.39 
-. -. . --------- ·----------· ., ------------------------------­

ND(2) 

--------------------------------------------------------­
6) ND(4) 
.38 

Furnace Ladleman 	 0.022{3) 0 .36 (3} . . 
ND-0.065 0.25-0.46 

------------------- ·--------------------- · .• ------------------------ ~------------------------------------------------­
Furnace Ladlelining A~~a ND ( 2) ·' 0.10(2) 

0.05,0.15 
-------------- ·------ '- ·- ·-------------------------------------------------------------. ------------------------------­
Packing Crusher Operator 	 0.22(2)R 

0.10,0.33 

Packing Cleaner Operator 	 0.17-(2)R 
0.08,0.27 

(continued)' 

p~rtment/ C.l assification Silica Particu
Location · · or Area mg/m3 mg/m3 

Furnace Furnacemanl ND(2) 0 .18(
0.01-0

------- --- ------ ------------ --- ------------ ---- ---------------
Furnace Furnace Area 	

-------------·----- --------------------------------------------
Furnace Tapper2 ND(2) 0.25(

0.14-0

­

http:0.08,0.27
http:0.10,0.33
http:0.05,0.15
http:0.25-0.46
http:0.14-0.38
http:0.01-0.39


----------- --

-----------------------------------------------------------------------------------------------------------------------

. TABLE 3 ( continued) 

Respi rab.1 e Respi qible 
Job Crystalline Respi rahle Sil icon Total Respirable Amorphous 

Department/ Classification Silica Particulate Metal Arsenic Fly Ash Silica 
Location or Area ·mg/m3 ,. mg/m3 mg/m3 mg/m3 mq/m3 mg/m3 

~~---·~---- ----------	 ---~~------~ 
Packing Cleaner Machine 	 0.21(l)R 

o·.92(1 n 

Packing Packer3 0.49(3)R 
. ) 0.31-0.80 

---------------- ------------------------------------~----------------------------------------------------------------­
Packing Crane Operator 0.23{2)R 

0.17,0.30 
----------- ·--------- ·· ------------------------------------------------- ·-----------------------------------------------

Padci ng Screen T.e·s ter 	 1.01 (1 )R 

Packing Screen Test Area 	 0.28(1)R 

1.59(1 )T 

------------- ---·-__._._.._-. --- ---- ---------------- -- -- ------------------ ----------------- -- --- ----- - --------------- ---. --­
Mix Mix Dispatcher 	 0.021(2) 0.30(2) 

/ 

ND,Q.043 0.28,0.32 

Mix 	 Ski o ..Ho.is t Area ·0.032(1) 0.14(1) 

----------------------------------------------------- .----------------------------------------------------------------­
·Mix ·Head Mix ' Unlbader 	 0.177(2) . . 0.63(2·) 

0.131,0.223 0.28',"0.98 

Steam Plant Boiler Operator 	 ND(l) 0.10(1) 

(continued) 

http:0.28',"0.98
http:0.28,0.32
http:0.17,0.30
http:0.31-0.80


TABLE 3 (continued) 

Resp·; ra b 1 e Resoi.rahle 
Job Crysta 11 ine · Re~p.i_rab le Sil'icon Total Respirable Amorohous 

Department/ Cl'a·ssi·ffcati on . sn ica · Particulate Metal Arsenic Fly Ash SiHca . 
Location or A'r·ea i'ng/m3 111g/m3 mg/m3 mg/m3 rn9/m3 mq/m3 

- --------------------------- ·-------------- ­
Steam Plant· 	 Equipment At'tenr:ta·nt · ff .051 (1) 0.25(11 · 

---------------------- ~--------- ·--------- ~---------------------------------------------------------------------------­
Steam Plant ·.aoner Me·chanrc · · · · · · 	 0.12(1) 

---------------------------------------------------------------------------------------------- ·-----------------------­
Maintenance 	 Oust Collector 1. 26 (2) 

Mecti'arl'i'c 0.27,2.24 

* Values are presenter1 in the =· f°ollowing order: mean, Tiurnher of samoles ' ilnal_vzed {in parenthesisL an<t rlinqe 
ND - none <letected; mg/m3 - mflligrams of substance per, cubic meter of air 
1 incl u<les head furnacemen and for11acemen 
2 includes h~art tapper and ·tapp'er 
3 includes packer and cleaner pac~er · 
R - respirable ~1st sample; T - total dust sample 

http:0.27,2.24


,,- ~--~........,:;,.,..,~-,......, •...___&......-~------·- ·-- -- -· ­-

TABLE 4 

Symptom '.Freqµency 

Elkem Metals Company 

Alloy, West Virginia 


HETA 81-357 

Number Reporting 

Symptom of Condition Symptom Frequency ( % ) 


Chronic Cough* 43 46.2 

Chronic Bronchitis* 30 32.3 

Symptomatic Shortness of Breath* 23 24.7 

Severe Shortness of Breath* 10 10.8 

Frequent Bron~hospasm** 9 9.7 

* See text (page 7) for definition 
** Shortness of breath with wheezing, greater· than 10 times per year 
n = 93 



TABLE 5 

Logistic Regression Analysis of Resoiratory Illness 

Elkem Metals Company 

Alloy, West Virginia 


HETA 81-357 


111 ness 	

Age 
Smoking 

Pack-Year Dust Year ------
x2(a) P-Value(b) 

Sho~tness of Breathl 4.85 0.0883 0.13 0.9361 0.36 0.8372 

Chro~ic Bronchitis/Cough2 1.53 0.4644 4.46 0.1077 0.74 2.6910 

Chronic Bronchitis3 0.17 0.6775 3.05 0.0816 0.79 0.3728 

l = 	Shortness of Breath (SOB) had 3 possible resoonses: normal ·, SOB while· 
walking on level ground or up a hill, or SOB while walking with people of 
his o"w·n age. · 

2 = 	Chronic Cough had 2 responses: chronic productive cough and phlegm or 
chronic ~on-productive cough. 

3 = 	Chronic Bronchitis only. 

NOTE: 	 Chronic bronchitis is defined ·as a cough with · ohleg111 for the oast 2 
years during 3 or more months per year, 4 or more times per week. 

a= 	x2 stands for Chi-Square, which is a test of statistical significance. 

b = 	P-Value ~easures the likelihood of a result being due to chance. 
Generally, a P-Value of <5% (.05) is userl to indicate statistical 
si qni fi cance. 



T.J\BLE 6 

Descriptive Stati _stics for Pulmonary Function Tests 

Elkem· Metals Company 

Alloy, West Virqinia 


HETA 81-357 · 


Standard Oistrihution 
Variable Respondents Mean Deviation Range (Normal=~aussian) 

------ ­
A~e 93 47.2 11.67 28-66 Not Normal 
_Height . (Inches) 91 68.6 2.6-7 60-74 Not Normal 
·Pack Year 93 24.2 22.70 0-100 Not Normal 
Plant Year 93 22.3 10.30 8-40 Not Norma1 
0.ust Year · 93 112.9 87.06 6.5-452.1 Not Normal 
FEV1 (Liters) 86 3 . .7 0.79 1.47-5.1 Normal 
FVC (liters) 86 4.3 0.84 2. 49-6. Hi Norma·l 
FEV 1/FVC ('l,) 86 76.7 7.45 54-90 Not ~ormal 
Residual* FEV1 (Liters) 86 -0.2 0,52 -1.8-0.87 Normal 
Residual* FVC '(Liters) 86 . 0 .1 0.57 -1.38-1.13 Normal 
Residual* FEVi/FVC (Liters) 86 -2.8 7.16 -24.97-9.36 Not Normal 
Percent Predi cte.d FEV1 86 . 93.45 15.06 48-1'22 Normal 
Percent Predicte~ FVC 86 97 .o 13 .10 67-132 Normal 

* Residual here means t~e difference between measured and, predicted values. 



-----------------------

TABLE 7 

Models for Regression Analysis Involving Age, Height, Work, Dust, and Smoking 

Elkem Metals Company 
Alloy, West Vir9inia 

HETA 81-357 

FEV.1.. FVC ~~ FEV1/FVC {%} 

Independent Vari.a.bl es. Corr. Coef. (R2) ·P-Value Corr. Coef. (R2) P-Value Corr. Coef. (R2) P-Value 

I. H, P, D, C 0.62 0.001 0.56 0.0001 0.50 0.0001.A.' 

I I. A, H, P, O* 0.62 0.001 0.56 0.0001 o. 50 · 0.0001 

III... A, H, S, D 0.61 0.001 0.55 0.0001 0.42 0.0001 

* Best mode·l for this study. 

A = age; H = height; P ·= pack yea rs; D = dust years; s = smoking ( l = never smoked, 2 = exsmoker; 
3 = current smoker); C = plant years. 

http:Vari.a.bl


TABLE 8 

Results of Multivariatea Regression Analyses 
for Observed P~lmonary Function Values 

Elkem Metals Company 
A11 o.v , West Vi rg i n i a 

HETA' 81-357 

Pulmonary 
Function Sta tis ti cs Ag·e Height Pack Year Dust Year 

Significance
of Model 

F~V1 (Liters) 	

FVC (Liters) 	

FEV1/FVC (%) 

· 

bl 
Sb2 

k2 

b 
Sb 

k2 

b 
Sb 

~2 

0.0355 
0.0064 
0. 001)1 

-0.0379 
0-.0074 
0.0001 

-o·.1359 
0.0842 
0.1104 

0.1295 
0.0202 
0.0001 

0.1498 
0.0233 
0. 0001 

0.3403 
0.2659 
0.2042 

-0.0066 
0.0027 
0.0189 

-0.0023 
0.0032 
0.4694 

-0.1214 
0.0355 
0.0013 

0.0005 
0.0008 
0.5066 

0.0005 
0.0009 
0 .5677' 

0.0038 
Q.0099 
0.7017 

0.0001 
o·.6·216 

-
0:0001 
0.5559 

0.0001 
0.2636 

1 b = regression coefficient 
2 Sb= standard error of the regression 

a Multivaria·te regress j on is a means to asse5:s the contributed role of 
rlifferent factors such as aqe, he i ght, smoking, etc., on a single effect 
such as pulmonary function..• 



TABLE 9 

Analysis of Chronic Obstrw:-Hw~ Pulmonary Disease (COPD) 

E1kem Metals Company 

A11 oy, West Vi rgi ni.a· 


HET A' 81-357 


Indeoendent Standard 
V a,ri ab1 e Symptom ~umber Mean Deviation Range Probahility 

Age 	 + cep·o ~6 55.00 5.87 35-60 <0.0001 
- COPD 72 46.22 11.86 28-fi6 

' , 

Pack Year 	 + COPD 16 44.38 19.36 2-84 <0.0001 
- COPO 72 19.79 20. 31 . 0-100 

Oust Year 	 + COPO 16 142.01 71.41 26.4-226.4 <0.15 
- COPO 72 108. 70 91.55 6.5-452~1 



1~:~ 
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TABLE 10 

Characteristics of Older and Younger Workforce 

Elkem Metals Company 

Alloy, West Virginia 


HETA 81-357 


Younger Group 01 der Group 

Number of Peoole 34 

Age - Range 28-42 

Median Aqe 32 

Plant Years 11.6 

Dust Years (Ranqe} 12.2-111.1 
Oust Years (Mean) , 48 .o 

FEV1 Lost/Year (liters) 0.06 

54 

50-66 

56 

31.2 

6.5-452.1 
156.7 

0.04 



I 

' ' 

TABLE 11 

PMR of Deaths Amonq Employees Over Age 44 

For the Years 1966-80 


E1kem Metals Company 
Alloy, West Virginia

"HETA 91-357 

Cause of Death Observed Deaths Exoected Deaths PMR 

Malignant Neoplasm 
All GI Cancer 

Colon 
Stomach 
Pancreas 

Lung 

Soft tissue and bone 

.Circulatory Diseases 
Ischemic Heart Disease 
Cerebrovascular Disease 

Pulmonary Diseases 
COPO/Cor pulmonale 
Pneumonia 

Gastrointestinal Diseases 

.Accidents 

Other 

84 
23 
9 
5 
5 

32 

3 

201 
150 

39 

37 
20 
11 

' 11 

19 

21 
37! 

75.659 
21.104 
6.905 
3. 770 
4.463 

25 .433 

0.583 

210.684 · 
154.719 
29.522 

25.009 
10. 715 
8:885 

17 .010 

19.947 

24.624 
373.00 

111 
109 
130 
133 
112 

126 

515 

95 
97 

132 

148* 
187** 
124' 

65 

95 

85 
1mr 

* Siqnificant at the 0.05 level: Poisson Distribution 
** Significant at the 0.01 level: Poisson Distribution 

Exoected Deaths are calculated from 5-year intervals from the 1970 U.S. (white 
~ale) national death rates. 



------·--· - ---- ·- ·-­

TABLE 12 

Case Control Analysis of Respiratory Mortal itv 

,Elkem Metals Company 
Alloy, West Virginia 

R~s,Pi ratory Deatt} 

HETA 81-357 

tlumber Plant Years Prohabil i ty Age at neath 

30 22.1+86.2 66.0+10.2 

Prohabi l i ty 

<0..05 >. 70 

Non._Respi ra tor.v Dea th 97 25.3+85.3 66.9+9.l 

----­ ---.,..----------· 
Power test for 3:1 sample 

Assumption: 

Relative Risk 3.0 
Disease Prevalence 0.50 

Power 0.662 
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