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12. BERYLLIUM 
Kathleen Kreiss, M.D, 

I. Wbal industries and jobs involve beryllium exposure? 
Beryllium is an extremely lightweigh1 mi;tal (atomic weight of 9) chat is trar1Sparc:n1 to x­

rays and gives up ncuirons. Thc::.c: pro~nic:s led to its use as a lens in x-ray m11Cbinc:s and in nu­
clc:ar wc:apons 11s a neutron moderator. As a 1-2% alloy ofberyllium-cop~r. it confers propenies 
of strength. resistance to fatigue and impact, and freedom from dcfonnity due ro strain (elastic 
drift). Thu~. beryllium-copper is usc::d in springs and scientific equipment. Beryllium oxide 
(bc:ryllia) is usc::d 10 milkc: ceramics, which are excellent heat conductors and high-tc:mperawre in­
sulators; hence, beryllia ceramic chips are metallized wilh circuilS for many semiconductor ap-
plications, including ignition switches i.a 31.ltomobiles. . 

Indus.tries using t_,eryllium or its compounds inclu<k- lhc: primary production industries, liigh­
teehnolog)' ceramics. and n.Uoys for special applications in nuclear weapons. aerospace. dentistry, 
golf clubs, and tools. Within lhi:Sc: industries. virtually all job descriptions may involve beryllium 
exposure. In addition, beryllium exposure may occur but be UJlsuspcc~ in rc:clamarion of pre­
cious metals. 

Exposure in the primary extraction industry involves soluble beryllium salts. and lhe fumes 
in exiraction fumace operation.<: appears to confc::r high risk of sensitization and disease in com­
parison with other proecsses in mcud and lllloy production. Elsewhere in lhe indU5lry, exposure 
primarily involvc:s dust or beryllium aerosols. as in machining of beryllium-copper alloy, beryl• 
lium metal, or beryllia ceramics. Machining processes have beeii shown to confer excessive risk 
in both metal and ceramic segments of the industry. ApproachcS 10 cxposu~ control include en­
closing operations with exhaust ventilation and provision of Tel>-piratory proteetioo. 

2. Wbai diseases does beryllium cause? 
The principal target organs for beryllium-rc:latc:d health effects are the skin and lungs. When 

workers arc cxposi;d I.Cl hcryllium or its compounds. a small percentage develop granulomarous 
lung disease. known as chronic beryllium disease. In the beryllium e>;tr&eLion industry, a large 
percentage of workers develop contaci dermaiitis and/or beryllium skin ulcers in relation to solu­
ble salt exposure. Historically. workers in extraction also wt:rc described a:; having chemical na­
sopharyngitis, tracheobronchilis, and/or pneumonitis with suh&cu11; onset, which resolved wilh 
cessation of exposure co beryllium salts and always within I year of symptom onset. ln conuasr. 
the chronic disease may develop after workers have lc:f1 lbc: beryllium industry. sometimes wilh a 
latency of several dcc11dcs from first exposure. With workforce screening. latencie.-: as shon as 11 
few weeks from first employment have been recognized. 

3. What is Salt!m san:oid'! 
In the 1940s. beryllium oxide was used in making phosphors in the Oul)~scc:m light industry 

before it~ heallh hazards were recognized in lhe Uni~ Stai.es. With the: entry of many women 
imo the workforce during World War II, several cases of severe "sarcoidosis'" occum:d among 
young women in 2 light bulb plan! in Salem, Massachusetts. This clu~1er of ca~cs was i:us~c•c:d 
10 h:ivc an occupational cause :md led to lhe recognition of chronic beryllium disc:a.-.c: for the first 
time, Beryllium hai: not been used in fluorescent light bulb manufacture since 1949, 

4. How do cases of berylliwn disease pn:sent? 
The cardinal ~ymptom~ of clit1ical beryllium disca.~ arc: chmnic cough and cxenional short­

nei;s of breath. In addition. patients may have wheezing, fc:vc:rs, wc:igh1 loi.s. and profound fa. 
tigue. Workforce screening pro~rains may identify asympU>matic: workers as well. The mos1 
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sensitive clinical cest for abnormality is oxygen tlc:Satunuion on acrcise tolerance tc.~ting, which 
ol'tc:n long precedes abnomllll pulmonary function lc:Sl!i (obstruc:livc or ~~uic1ivc), low diffusing 
capacicy. interstitial changes on chest radingr.1ph. or hilar :idcnopathy (in a minority of c3ses). 

5. Why are only a small percentage of beryllium-exposed '1Vorkers affected? 
Beryllium disea~e arises only in workeni who develop II cell-mcdi:ii:cd immune: response 10 

beryllium. Thi:; T-~lper cell response can be: mc::lliurc:d with the beryllium lymphocy1e prolifora­
tion r.e.st. using mononuclc::u- cc:lh, from peripheral blood or bronchoalveolar lavage. The sensitiv• 
ity of the: blood test varies from laboratory to laboratory and may be only SO~. In contrast, lavage 
cells ne:ll'ly always respond to beryllium, although alv~lnr mncrophngi::S in smokc:r.s may inhibit 
the lymphocyte response and may need to be removed from the: assay. 

6. Describe the diagnostic criteria for berylUUJD disease. 
The diagnosis of beryllium disease requires evidence of lymphocyte: proliferution 10 ~ryl­

lium in blood or lavage lymphocytes. This i.-pecific: characteristic: diffcrcntillles the disease: from 
other gral\ulomarous di~, 11uch as sarcoido:;is and hypersensitivity poeumonitis. The diagno­
:;is usually ~uirel\ bronchoscopy for bronchoalveolar lavage and transbronchial lung biopsy in 
asymptomatic cases dctc~ted in screening programs. 1n clinically evident disease. a cheiit radi­
ograph compatible with granulom.arous disea.'le may make tissue evidence of granuloma.~ unnec­
cssacy in the setting of beryllium sem,itivity. 

7. Whicll llCl"eening leSlS are appropriate for beryllium-exposed workers'? 
Early diagnosis of beryllium sensitivity is now possible with the beiyllium lymphocyte pro• 

lifc:ration test on :icreen.ing blood samples. Worlcecs with abnormal blood tests may hnve sensiti­
zation only or subclinical beryllium di~se, a diagnosis made on bronchoscopy. A small 
percentage of cases wilh abnonnal lavage lymphocyte proliferation tests haw nonnal blood tests; 
th~e cuscs can be; identified with chest radiograph screening. Pulmonary function tests. diffusing 
capacity, and symptom questionnaires are too insensitive aJld nonspecific 10 be useful except in 
lhe extraction industry. · 

8, How do youjuqe whether a worker has bad si:wficant beryllium exposure? 
Any beryllium exposure is significant. In nearly every plant srudied. both historically and re• 

c:i:ntly, cases of beryllium disease have occWTed among persons without industrial job descrip­
tions. including secretari~. accountants. security guards. and inspectors of final product. Thus. 
the physician evaluating a patient with granulomatous disease should inquire about the industry 
as well as the job description. Cases have occurred among workerS in fonner beryllium plants 
w,J\o were hired long llftc:r beryllium production ceased. Similarly, cases have occurred among 
family mc:mbers of beryllium workers and commwi.ity residents living in proximicy to beryllium 
plants. 

9. Since idiosyncratic cases occur with brief or minimal "Xposure9, what is the basis of the 
Pf,!l"IIUS!,ible exposure limits? 

TI,e pennissible exposure limirs of 2 µg/m3 for a ii me-weighted average, S µg/mJ for a short• 
renn exposure limit. and 25 µg/m3 a~ a ceiling eicposure limit were not based on empiric data. 
The sr.andatd is known a,; the .. taxicab standard" because: it was proposc:d on the: b:tsis Qf a con­
vers:ation between expc:ns in a cab who believed that the standard should be analogous co ocher 
toxic metals (proportional to atomic weight). Nevertheless. the occurrence of "chemical pneu• 
monitis .. in beryllium workers was thought to be eliminated by adherence to the wicab .stand.itd. 
The incidence of chronic irreversible di.scase may no1 have changed with lhese standard!\. 
Nevertheless. cross-sectional .studies of modem b.:ryllium-c:it~ popuhuiuns have uniformly 
found process-relattd ri!lk.,~. sugge!lting that exposure ctu1n1ct=ristics an: c:ririi:111 to disc:use risk. In 
one: plant with u!\.tble historical measuri:mi:ms, thi: machining jobs had highest risk and highest 
mc:dian i:itpo$urcs. In anothi:r plam, howi:ver, the process with the highest contcmporacy risk did 
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m,)l have the highcsl indices of gravimc:1ric exposure. Reexamination of pennissible exposure 
limit.s may 111kc: into 11ccoum rc:spirablc beryllium exposures (or other chanictcris1ics apart from 
total millis of beryllium) that characterize high-risk proce.c;.<;c:s. 

10. Can susceptibility to disease be identifted? 
Appro,;imatdy 80% of casc:s of beryllium disease are ass.ociated with a genetic mark.er. 

HLA-DP glu69. which is present iD 30-40% of lhe general populatit>n 11.S a nonnal variant. 
Accordingly. its predictive value for bet)'llium disea.'i¢ is very low, Even if it were 10 be used in 
preplaceme11t evaluation (an ethically dubious pnicticc), beryllium disease occurs amcing work­
ers without the murker. Re~lll'Ch coniinues on this and other markers with the hope that under• 
standing of the molecular mc.chanism of beryllium disease may lead to secondary prevention. 

The lymphocyte proliferation test is not a test of suse¢p1ibili1y to beryllium disease, although 
ii identifies a postexposure group with the irrununologic response: necessary for disease, most of 
whom already have gr-.inuloma10us diSc:alie. ~ remainder are ai high risk of developing gnmu­
lom111ous disease:. 

11. Is rher-e a role rot determining beryllium conceotnlDOllli io tissue, blood, or urine? 
No relation has been shown between luog or urine concentrati011s of beryllium and risk or 

severity of disease. This finding may be predictable for a diS<'la.~ now blown to be immunologi­
cally mediated. Beryllium remains in tissue and urine for decad~s aftl::r exposure: to insoluble 
bel)'llium compotlllds, such as beryllium oxide in ec:rarnics 1111d mc:1111 industries. The only use of 
beryllium assays in biologic samples is in research. For exlllllple, demonstration of bet)'llium in 
lung g11anulomas by laser microprobc: mass spccu-oscopy is of interest in current documeniation 
of beryllium disease: in a household contact of a beryllium worker. The presence of lympbocy~ 
proliferation to beryllium indicates prior exposure, whether or not beryllium can be mc:11Sural in 
biologic materials. 

12. How should you pursue the diagnosis of beryllium disease in pecsoru; with known gran­
uJomaious long disease? 

Bc::ryllium disease cannot be distinguishc:d on pathologic grounds from sarcoidosjs, hence 
the: tcnn ·S11li;;m sarcoid." The: only way to ensure: that a case of sarcoidosis is not due to beryl­
lium is to test blood and lavage lymphocytes with the beryllium lymphocyte proliferation 1ei.1. 
Bystander. household, and community cases make it difficult to rule out beryllium discal!C wilh 
persollal work history alone. On the other hand. sarcoidosis doc:s occur in beryllium workc:ni. 

13. Is berylliwn disease curable? 
The acute pneumonitis recognized in lhe J 940!i was cured hy e;<posun': cessation if the pa­

tienl surviv~ the acute illness. Tn contr11$t, chronic beryllium disc:asc: is not usually improved by 
cxJ)(lsurc: cess11tion and indc:cd may dc:vclop d~11dcs after exposure has ~ased. Although not cur­
able, the discai;c is responsive: 10 conicos1croids in most cases. panicularly if lhe diagno$iS is 
made before fibrosis is a dominant characteristic. Unfortunately, mos1 patient& wich physiologic 
impairment require lifelong steroids for disease suppression. In asymptomatic cases identified in 
workplace scrcc:ning programs, s1.c:roids lll"C: not commonly used until clinically indicated by ob­
jective dc:1cri1)r-.tlinn. 

14. A U.year-old cooSU'llctioo worker applies for a position In a beryllla ceramics plant as 
a plant facilities worker. On preplacement testing, he is found to have an abnormal beryl­
Hurn lymphocyte prolireratioa test, a normal chc:st radiograpb. normal pulmom1ry fuor• 
tions, aad no chest symptoms. The plant physician lt:al"DS tbal he was invo)v(!d in 
demolidon work nt the kocky Flats nuclear weapons plant nfler productJon ceased. What 
would you recommend for job placement and worker notiftcntion? 

The applicani's abnormal lymphocyte proliferation test indicates tha1 he is !iensili:r.~ 10 
beryllium a-. ta result of prior exposure. In this case. the exposure was likely to have: bc::cn in the: 
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former nuclear weapons planl. Most industrial iacililic:s with beryllium production ~main conca­
minated despite clean-up efforu. In demolition work, S1;t1led dust in ventilation 5yi;lcms or on 
false ceilings le:i.ds to predictable but often unrecognized L?xposure. Although the applic:ml has 
no symp!Oms or signs of beryllium disease, he has not undergone bronchoscopy 10 rule out the: 
di:igno:.is of granulomatous lung dise:ise. With or without h.1ng disease. it is medic~lly prudent to 
resnict him from further beryllium c:itposurr:. ln addition, he: should be notified or the screening 
test result. He may w:int co consult his prr:vious c:mployr:r 111 Rocky Fl11l$ co pariicipate in a 
worker surveillance program sponsored by the U.S. Or:panment of Enc:rgy for former nuclear 
weapons workers. At a minimum, the applicant needs to bring his previous bccyllium c:itposure 
and sensiti2111ion ~wus co the airention of his physician if be develops chest sympcoms. 

CONTROVERSIES 

15. Does beryllium caui,e cancer? 
Beryllium causes lung cancer in scvr:ral animal species. [n addition, a s1nall excess of lung 

cancer has been documented in a.o industcy•wide cohon of beryllium workers 11nd among persons 
wich beryllium di~$e in the U.S. Beryllium Case Regisay. On this b11sis. thr: lnttmacional 
Agency for RcSearch on Cancer designated beryllium IIS a probable human carcinogen. The 
beryllium indu:;uy dispi.m:s this <k:signation, saying that the excess in lung cancer arose in only 
one or cwo plants among seven. 

16. ls workplllce screening warranted? 
Althoogh beryllium lymphocyte proliferation testing can identify sc:nsiri~ petSOns, most of 

whom havr: beryllium disease in an a.c;ymptornatic stage, no investigators have studir:d whether 
early diagnosis changes prognosis, either by early treatment or by removal from beryllium expo­
sure. Only in the beryllium extraction indusay does cvidc:ncr: indicate that removal of sympto• 
matic wor'ke1"$ can lend co resolution or improvement of symptoms. In the 11bsi;nce of data in the 
rest of the indusay, some beryllium plants do not remove worxers with sensitization or subclinical 
disease from beryllium exposure, although it ~ms prudent co do so from a medical point of view. 

Because efficacy of screening in changing prognosis has DOl beeo studied, the rationlllc: for 
scree.a.ing is the identification of risk factor.; in 1hc worker populntion that may lead to preventive: 
measures. In contemporary screening, process-related risk ractorS have been demonstrated in 
every plant swdied. These work factors can form the basis for pn:vOJting disease in !he furure and 
for undenitnnding the qualitative and quantitative exposures thai confer risk of beryllium disease. 
Screening is jusrifir:d for i.urveillance, but the benefit for individual workers remains unclear. 

17 •. Was acnr.e beryllium disease a io:idc pnewnonltls? 
Acute beryllium disease was not rccogni~ in the Unired StnteS afrer 1953, although expo­

su~ in e:>1cess of the standard have occurred in many plants. Has thr: disc11~ really disappeared. 
or is it no longer diagnoi;ed, even in the extraction indusay when: it occurred hi$torically'! 1n re­
viewing the clinical dc:S(.Tiptions of the disease from the 1940s. including pa1hologic reports for 
fatal cases, acute disease was accl\mpanied by mononuclear cell alveolitis and interstitial infil­
trate similar to whac is scr;m in chronic disease. Toe radiographic abnormality laggr:d ubout 3 
w~ks airer sympcomatic presentation. Such featuri;;S $uggest lhat it was not a toxic pneumonitis 
with acute pulmonary ~ema ai. seen in phosgene poisoning. Symptom:itic disease afwa recurred 
in workers who returned to beryllium work: after resolution of acute pncumonitis. In light or cur­
rent understanding of the cell-mc:diatcd immunologic nature or chronic beryllium di$en.'le, acute 
disease seem.c; to be remarkably similar. 

On the olher hand. acute disease was clearly reversible with restriction from expoliurc:. 
whereas the chronic disease recognizc:d today is not. ~ time course of improvcmc:nt of the 
aculc diSc:a..;c was months. The explanation may lie in the biopersisrence of different beryllium 
compounds. The acute disease arose in the setting of r:xposun: to $Oluble salt~. Persons sensitized 
to beryllium with such citp0$ure are likely to improve as they clear the antigen over tilllcl. In 
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c:untrasl, beryllium metal or oxide is an insoluble antigen that may resull in sensirizmion even 
yc:ars after work.place ellposure has ce:ised. Once the worker is sensitized, me granulomatous re-
11e1ion pc:rsi~t:; along with the antigen. Perhaps for this rea,;on two distinct clinical courses of dis­
ease were described historically in diffc:rc:n1 t-c:clor:; of 1hc: industry, The: possible: identity of 
pathologic mechanism may explain why a high proponion of patients with acute beryllium dis• 
c:ase eventually progres~ed 10 chronic beryllium disease in industrial sectors with exposure to 
both solubk and insohsble beryllium compound!;, 
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Nole to rfte reader: Although the information in this book has been carefully reviewed for correct­
ness of dosage and indu:ations. neither the authors nor the editors nor the publisher can accept 
any legal responsibility for any errors or omissions that may be made. Neither the publisher nor 
the editors make any warranty, l?xpressed or implied. with respect w the marnr1al contained 
herein. Before prescribing any drug, the reader must review the manufacturer's current product 
information ipackage insertSI ror actl:lpted indications. absolute dosa£e recommendations. and 
other information pertinent to the safe and effective use of the produce described. 
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