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The chemical tox ic i ty  of the  beryllium ion  exceeds t h a t  of ariY 

ai& material  ever used i n  industry hut, as is true for rviy i ndus t r i a l  

hazare,the r i s k  i n  t h e  handling arid processing of this m e t a l  and i ts  

compounds can be eliminated i f  proper precautions are taken. 

It mas with much reluctance t h a t  many toxicologis ts  f i na i ly  accepted 

the f a c t  t h a t  beryllium is toxic. This was understandable i n  view of 

the many ways i n  which the pat tern of  beryllium disease differed from 

the b e t t e r  known occupational diseases. However, evidence f o r  the 

tox ic i ty  of beryllium accumulated during the  past  decade i s  ovsrwhelang 

arld the c r i t e r i a  by which a substance can be labeled as potent ia l ly  - - - - ------- - - 
erous have been amply sat isf ied.  

The e a r l i e s t  reports  of disease among beryllium workers came from rj 

se r i e s  of contributions from invest igators  who i d e n t i f i e i  

we now recognize as acute beryllium poisoning. However, t he  role 

i n  these early cases was not understood and the acute disease,  i 

of chemical pneumnia, was erroneously r e l a t ed  t o  the 

and oxyfluorides which were co-contaminants of 
t C !  

i n  which the European cases occurred. I "  c 1 c  i n  t h i s  country were reported i n  1943 (2). 

and of others which have been reported i n  

mre recent  years have been amply reviewed i n  p r i o r  publications (3)(4) 
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and will not be discussed i n  d e t a i l  here. From these reports,  hoy:ever, 

has emerged general agreement amng investigator8 t h a t  bergllium is 

capable of producing a var ie ty  of toxic  manifestations I n  humanso 
DOE%RC%IVq 

a. Acute i r r i t a t i o n  of t he  respira ry rac  , ncluding 

chemical pneumonitis (which we will refer to as the  

"acute disease") . 
b. A chronic disease nberylliosisfl i n  which lung 

involvement is  the pr incipal  fea ture  but i n  which 

there are also a number of systemic hanifestations.  

c. A variety of skin r e a c t i o d  including dermati t is ,  

ulcers and benign tumors. 

The Acute Disease 

Certain beryllium compounds have the  a b i l i t y  t o  produce an acute 

chemical pneumonitis which i s  similar i n  form t o  t h a t  experienced from 

exposure t o  phosgene, nitrous fumes and cadmium oxide. 

i t s  course i n  a few weeks and unless death occurs during t h i s  period 

complete recovery m a y  be expected. 

SO cases t h a t  have been reported (including about 15 deaths) occurred 

i n  the plants inwhich  beryllium compounds are extracted from ore. 

ever, some cases ham been reported f r o m t h e  f luorescent  lamp industry 

and f r o m  laboratories engaged i n  beryllium metallurgy. I n  the l a rges t  

publlshed a e r i e s  of cases, 47 survivors of the acute disease were followed 

f o r  as  long as 1 2  years and the invest igators  report  t h a t  no persons 

included i n  their survey developed chronic b e r y l l i o s i s  (4). 

The disease runs 

A large majority of t h e  hundred o r  

How- 

- 

. 
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A c u t e  pneumonitis has been produced by inhalat ion of beryllium metal, 
*- 

beryllium oxide, sulphate, f luoride,  the hydroxide and the chloride (5) .  
Experience u l t h  other beryllium s p l t e  i s  lacking but it m y  be assumed 

t h a t  a l l  koluble beryllium compounds are-capable of producing acute 
DOEARCfI:y:q 

disease. Two cases of acute pneumonitis have been re&ed (6) from 

the f luorescent  lamp industrp where it appears t h a t  the exposurea in- 

volved beryllium oxide i n  the preparation of the  phosphor ra ther  than 

the phoqhor  i t s e l f .  

phosphors and copper dloys  have not produced acute disease, although 

Berg1 ore and t h e  various beryllium containing 

de ta i led  f i e l d  studlas have been made only f o r  ore. 

The t o x i c i t y  of beryllium oxide i s  variable,  a f inding that 188 

first made I n  f i e ld  studiea (5 ) .  Under cer ta in  conditione concentration8 

of beryllium oxide a8 high as 30 mi1lIp;rama per  cubic meter were associeted 

with no acute casea among exposed employees, whereas In another plant, 

4 mil l ig raw per cubic meter wa8 productlvs of a very high incidence of 

acute disease u l t h  a high fatality rate.  Purther study disclosed t ha t  

the tox ic i ty  of beryllium oxide, like i t s  c h e d c a l  reac t iv i ty ,  is 

markedly influenced by the calcining temperature. 

approximately 2 8 0 0 ~  F possess r e l a t ive ly  low spec i f i c  surface area and 

Oxides produced above 

apparently do not poesess acute toxici ty .  

laboratory experlment which showed t h a t  animals developed acute beryllinm 

poimnbg when exposed t o  the low f i r e d  oxide but were able t o  t o l e ra t e  

This has been confirmed by 

high q o s u r e s  t o  oxides formed a t  higher temperatures (7). 

Tfie s i z e  of the bezyliimn oxide particles  formed i n  the oxidation 

Agglomeration o f  t h e  vexy process increasea with calcining temperature. 

small p a r t i c l e s  formed by firing at low temperatures may produce p a r t i c u h k s  
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whose h n s i o n s  are of the same order as t he  diameter of the dust of 

high fired oxide. However, these agglomerates rill have a higher specific 

surface a rea  and will be mre reactive. 

Acute pneumonitis has occurred from single  accidental  exposures t o  

beryllium. 

i s  again similar t o  the i r r i t a n t  gases l i k e  ni t rous fumes and phosgene 

which also have the  ab i l i t y  t o  produce pulmonary edema following brief 

but excessive exposure. 

are a v a i h b l e  (5), a 20 minute exposure to beryllium f luo r ide  produced 

acute disease i n  three individuals. 

sudden accidental  re lease of beryllium f luor ide  was i n  t h e  range of 

400 t o  650 micrograms of beryllium per cubic meter of air. 

amunt of beryllium inhaled by the affected individuals could not have 

greatly exceeded 50 micrograms. 

required t o  produce equivalent pulmnary injury, t h i s  is an exceedingly 

s m a l l  amunt. 

time one would have t o  inhale approximately 50 milligrams1 

I n  this respect, t he  acute toxicity of the  beryllium compounds 

DOE ARCH!VE 

In one episode for which de ta i led  a i r  analysis 

The exposure which f o l l m e d  the  

The t o t a l  

Conpsred with t h e  dose of o the r  irritants 

To pfoduce injury by phosgene i n  a comparable period of 

Stu&ies of the occurrence of acute disease i n  beryllium production 

,plants revealed tha t  a l l  cases could be associated with concentrations 

of soluble beryllium compounds i n  excess of 100 micrograms per cubic 

meter. &en the concentrations exceeded 1 mil l igramper  cubic meter 

cases mere persis tent ly  produced among almost a l l  personnel. 

B e r g l l i o s i s  

It bas been shown t h a t  the leve ls  of bergllium exposure capable of 

producing acute disease are of a law order i n  comparison with the dose6 

of other  chemical i r r i t a n t s  w h i c h  produce acute p n e w n i t i a .  The dose 



which produce beryl l iosis ,  chronic beryllium poisoning, is of ye t  a 

lwer order. 
- 

There i s  now essent ia l  unanimity w i t h i n  the  medical profession t h a t  
_. 

bexyl l iusis  is  a d i s t i n c t  disease distinguishable f r o m  other  lung diseases 

by a unique complex of clinical roentgenographic, his tologic  and bio- 

chemical character is t ics .  Although much has been learned about t h i s  

disease, t h e  causative factors  and the mechanisms by which ,inJW is 

produced remain obscure, 

disease. 

would be  considered inconsequential if we were dealing with e-ren the most 

vi ru len t  of other toxic chemicals, For example, a concentration of lead 

of 15O'rdcrograms per cubic meter i s  considered a s a f e  exposure to lead, 

but c h r ~ n i c  beryllium poisoning has been caused by concentrations of 

DOE ARCHIVES 

A number of s t r ik ing  features  chracterize the 

Severe cases have been known to develop from exposures which -. 

- 

only  a fen micrograms per cubic meter, Because of the marked difference 

i n  atomic weights, it may be unfair t o  compare the t o x i c i t y  of beryllium 

with t h z t  of a heavy metal such a8 lead. 

six micrograms of beryllium are equivalent t o  150 micrograms of lead, 

On a m o l a r  b a s i s  approximately 

m e n  corsidered i n  t h i s  uay, the  tox ic i ty  of beryllium is less s t r ik ing  

althougt it remains somewhat higher than lead. 

The extraordinary toxici ty  of beryUlum is eqhaa izad  by the  occurrence 

of b e r y l l i o s i s  among residents i n  the  v ic in i ty  of at. l e a s t  two plants i n  

which beryllium was processed. Although instances of - acute intoxicat ion 

i n  the r i c i n i t y  of industr ia l  plants  are known and are i l l u s t r a t e d  by 

such incidents  as the  one which occurred i n  the  smog a t  Donora, Pennsylvaniz, 

the occcrrence of bery l l ios i s  is apparently unique arrpng t he  chronic d i s e a s e s .  

2 3 2 1  
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Despite t h e  e n o m u s  tonnages of 

in industry, ani i n  s p i t e  of t he  

lead, arsenic and mercury processed 

marked capacity of these metals t o  

produce disease among workers, there  am no known cases of c o m n i t y  
DOE ARCHIVES 

intoxicat ion a t t r i bu tab le  t o  a i r  pol lu t ion  from these sources. .- 

I n  one community a total of 16 cases including f i v e  f a t a l i t i e s  has 

These cases occurred within 3/L of a mile f r o m  a plant been reported. 

producing beryllium compounds f r o m  the ore  (8). 

had a h i s t o r y  of occupational exposure t o  beryllium and t h e i r  o n l y  ex- 

None of these individuals 

posure w a s  therefore t o  the  contaminated atmssphere surrounding the 

plant. 

the  concentration of beryllium to which people were exposed 3/4 of  a 

mile from the  plant. 

absence of cases beyond 3/h mile suggested t h a t  the  concentration a t  

this dis tance could be used as the maximum permissible concentration 

far continuoris (168 hours per week) exposure t o  beryllium, 

When these cases were reported, an e f f o r t  w a s  made t o  estimate 

This concentration was important because the 

Air analysis in the v ic in i ty  of this plant during a period of 

normal operation indicated tha t  t h e  3/L lnile concentration wa8 cer ta in ly  

1088 than 1 microgram p e r  cubic meter of a i r  and probably ranged between 

.01 and .1 microgram per cubic meter of air. 

One ord inar i ly  expects t h a t  the Incidence of disease u i l l  varg 

The dose-response curve f o r  a d i rec t ly  with the  dose administered. 

toxic  metal is usually a sigmoid i n  which no injury is observed below 

the minimm toxic dose, As one increases the  dose, the frequency of 

in jury  increases u n t i l  it reaches 100% of the  exposed population. 

complete d a t a  a re  lacking, there is  evidence that t h e  dose-response 

.. 

Although 

. 

re lat ionships  i n  the  case of chronic beryllium poisoning do not fol lou 

the pa t t e rn  t o  which other chemical poisons conform, In the neighborhood 

8 
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cases described above, the uaual dose-response relat ionships  existed. 

Individuals living closer  t o  the p l an t  were exposed to higher con- 

centrat ions than those living a t  &eater  dis tances  and It wag c loses t  

t o  the p l a n t  t h a t  the greatest  frequency of cases occurred. However, 
DOE A R C H I V q  

it is startling t h a t  re la t ive ly  few individuals  who mor ed i n  this 

beryllium plan t  developed chronic disease. 

Within the f i r s t  quarter of a mile of t h e  plant,  where the  concen- 

t r a t ions  of beryllium were on t h e  order of 1 microgram per  cubic meter, 

the incidence of bery l l ios i s  was approximately so 
however, employees were exposed t o  concentrations as much as a thousand 

times greater  but only 9 cases of be ry l l i o s i s  have developed i n  15 years 

Within the  plant ,  . 

amng  the  1700 people who were a t  one t i m e  o r  another employed. T h i s  

incidence of approximately .s% is  loner than the  incidence among the f i rs t  

quarter of a mile residents  despi te  t h e  f a c t  t h a t  t he  inplant  concentrations 

uere higher by possibly three orders of magnitude. Another puzzling 

feature  of the  in-plant cases i s  t h a t  t h e  nine individuals who developed 

be ry l l i o s i s  were employed only f o r  r e l a t i v e l y  br ie f  periods, i.e., l e s s  

than 4 months. 

amng those whose histories indicate  the longest exposure. 

seem t r u e  in this plant. 

One ordinar i ly  expects t o  f ind  chronic occupational diseases 

The reverse 

Berg l l los i s  is peculiar in t ha t  individuals may develop t he  disease 

after very long l a t e n t  periods. Cases have occurred up t o  ll years after 

cessation of exposure. 
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The small amunts  of beryllium which are capable of producing 

disease are  ref lected i n  the exceedingly minute deposits of bergllium 

i n  affected t issues .  

beryllium w a s  found to be pmaent in a whole lung (4). 

eppears to be no r e l a t iomhip  between the degme of pathology a& the 

amunt of beryllium found I n  the tissues a t  autopsy. 

I n  some f a t a l  cases l e s s  than .1 microgram of 

Yoreover, there  

DOE ARCHIVE 

I The unusual. charac te r i s t ics  of thier diseaee have led 80me investige- 

tors t o  abandon the hypothesis t h a t  be ry l l i o s f s  is a simple chemical . 

intoxication and seek an explanation for the  disease i n  t h e  theory t h a t  

a sens i t iz ing  reaction I s  involved (3). 

possible t o  explain many of the pecu l i a r i t i e s  of t h i s  disease. 

$Kth this hypothesi8,if is 

One can demonstrate qui te  readily t h a t  beryluum oxide exposure 

was the  spec i f i c  compound involved i n  mst of the reported cases of 

bery l l ios i s ,  but this i n  i tself  is  not conclusive because beryllium oxide 

is the compound most used industrially.  

beryllium which has found application i n  the  ceramics industry. 

machining of beryllium metal, the metall ic dust  p a r t i c l e s  form oxide 

coatings; and i n  beryllium copper founding, beryllium oxide is a const i tuent  

of the fcme. 

ext rac t icn  and fluorescent 1- manufacturing, in which beryllium cornpods 

other than the oxide are  widely used. The spotty occurrence of be ry l l i o s i s  

i n  these industr ies  may possibly be explained by t he  hypothesis t h a t  

berglli- oxide is t he  causative agent of t h i s  disease. 

It is the  only compound of 

I n  the  

There are, however, two important indus t r ies ,  be ryUum 

In the beryllium extract ion plants,  the Fr inc ipa l  exposures are t o  

the dust and mist of beryl,  beryllium sulfate and beryllium fluoride.  

Only a s a  minority of the employees are exposed t o  beryllium oxide. 
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In one plant for which data over a 17 year  period are available, a l l  

of the known cases of be ry l l i o s i s  occurred i n  individuals who had been 

exposed to beryUum oxide. 

developed among approximately 1700 employees who have at one time or 

another worked i n  t h i8  plant, As noted e a r  er, s was the plant  near 

which a number of residents developed be ry luos i a ,  presumably from 

a tmspher ic  contamination. 

This is  true f o r  the  nine cases which have 
i- 

D O E p C K Y E S  

It is noteworthy t h a t  t h e  pr inc ipa l  beryllium 

compound emitted from this plant was beryllium oxide i n  the  fumes emitted 

from the beryllium copper furnaces, Exposure t o  t h i s  fume existed within 

the plant as well but r e l a t ive ly  few employees were involved reason 

of i t s  physical isolat ion.  

In another beryllium production p lan t  there  have been no cases of 

bery l l i o s i s  among approximately 200 individuals who ]?aye been employed 

during t h e  12 years this plant has been i n  operation, 

absence of ca8eb i a  no t  surprising when one Confjider8 t he  frequency Of 

disease i n  the larger of these two plants where comparable exposure8 

existed. 

The complete 

The largeet single  e e r i e 8  of cases occurred I n  a fluorescent lamp 

plant in ~assachusetts. 

who developed bery l l ios i s  were exposed t o  the phosphors used prior  t o  19&2, 

during rfiich time the beryllium oxide content w1p89 about l2%,(6)(9) 

The b e q l l i u m  content of phosphors i n  subsequent use was r e s t r i c t e d  to 

It has been observed t h a t  all of the individuals 

about s, a change which wast imulated by the  w a r t i m e  requirements far 

beqllirrm. 

subseqisnt t o  ea r ly  1942 when the 2% beryllium oxide phosphors were adopted, 

No cases have developed among employees who were hired 

. 
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It has been shown by X-ray di f f rac t ion  studies (10) t h a t  the  

so lub i l i t y  of beryllium oxide i n  the  zinc s i l i c a t e  host  l a t t i c e  i a  

limited t o  30 molar percent for phosphors having up to l% manganese. 

The so lub i l i t y  of beryllium oxide decreases m t h  increases in manganese 

content. The l imited so lubi l i ty  of berpll iwn $i%~fX%?.nc-beryllium - 
manganese phosphors i a  thus no grea te r  than 6.8% and would be considerably 

lower i n  the  case of a phosphor containing magnesium o r  mre than l.% 

manganese. 

i n  phosphors i n  which t h e  beryllium oxide i n  the or ig ina l  m i x  exceeds 

its l i m i t  of so l id  solution i n  zinc silicate. 

The presence of f r ee  b e r y l l i a  is thus a d i s t i n c t  poss ib i l i t y  

It appears reasonable t0 

conclude, tentat ively,  t h a t  bery l l ios i s  in the  fluorescent lamp industry 

was prodwed by free beryllium oxide present a s  an excess i n  the phosphor. 

Unfortunately, t h i s  question as well as many others cannot be anmered 

readi ly  by animal experimentation. 

diseases, has not as yet been produced i n  laboratory a n i m a l s  despi te  

many systematic attempts d u r h g  the pas t  12 years. 

years, scine progress has been made by one invest igator  (11) who succeeded 

Beryllbsis, like ce r t a in  other human 

Within the  past few 

i n  producing the  typical lesion of  beryllium poisoning i n  porcine sk in  

by implariting a phosphor containing 33% beryllium oxide. Free beryllium 

oxide  as probably present i n  this phosphor. However, implantations of 

pure beryllium oxide and beryllium rcetal did not produce the cha rac t e r i s t i c  

les ion  seen i n  beryllium workers. Thu experiment iwuld seem t o  contradict  

the  hypothesis t h a t  beryllium oxide is t h e  specific causative fzctor .  Only 

further studies of  t h i s  type w i l l  tell, 
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Another i l l u s t r a t ion  of the unusual t ox ic i ty  of  beryllium i s  found 

i n  the occurrence of beryl l iosis  i n  individuals res iding in the  same 

household with beryllium mrkers.  

whose 00 exposure t o  beryllium occurred in the  w a s h i n g  of her  husband's 

A typical  case is t h a t  of a housewife 

work clothes  (8). No other  i ndus t r i a l  toxin is known to have produced 
DOE PCFCPVES poisoning i n  t h i s  nay. During the  inves ga ion of this case, work 

garments f r o m  the  plant where her husband was employed were laundered 

in a manner simulating the  laundering pmcedure she used in her  home. 

It was concluded on the  basis  o f  t h i s  study, t h a t  the laundering of 

contaminated work clothes resu l t s  i n  the inhalat ion of about 17 micrograms - 

of beryllium. 

a nagnihde  of hygienic significance when compared t o  other data  given 

above. 

Skin Kanifestations 

While t h i s  is a very meager exposure, it is  cer ta in ly  of 

The soluble beryllium compounds have the  charac te r i s t ics  of both 

primary irritants and sensi t iz ing agents. I n  one la rge  p l an t  over 25% 

of the new employees exposed t o  BeP2 developed a dermati t is  within the  

f irst  fex weeks o f  exposure. BeF2 when accidentally implanted into an 

abrasion o r  lacerat ion of the skin may produce an ulcer which u i l l  p e r s i s t  

unti l  the beryllium i s  remved. 

Fluorescent lamp phosphors and metallic beryllium, when inplanted 
4 

accidental ly  into the skin, have been known t o  produce a benign tumor 

a t  the s i te  of the implant. 

after i n i t i a l  implantation frequently following apparent healing of t h e  

wound. Pathologically, 

this les2on is  a granuloma of t he  type seen i n  the lungs of beryllium workers, 

The onset usually occurs from 2 t o  4 mnths  

The les ion w i l l  per s i s t  u n t i l  the  implant is remved. 
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As noted e a r l i e r ,  it has been reproduced experimentally i n  the  pig. 

Prevention of Beryllium Poisoning 

The above information provides a background with’which it is possible 

t o  develop the  basic procedures by which the various manFfestations of 

beryllium poisoning can be prevented. The procedures adopted rill, of 
GOE A R C H l V u  

course, depend on t h e  physical or chemical propert ies  of spec i f ic  beryllium 

compounds o r  alloys, as well as the  manner in which they are t o  be 

handled. 

The sk in  reactions t o  beryllium are a l m  order hazard in comparison 

I with the danger of lung injnry, and this presentat ion w i l l  therefore 

not be concerned i n  d e t a i l  with t h i s  problem, Dermatitis has been a 

serious problem o n l y  where the acid salts of bexyllium @ar t icu lar ly  

Bef2 and (NHb)$3eFr) are handled. The s t r i c t  standards of personal 

and process hygiene t h a t  are necessary t o  prevent lung in jury  t o  

beryllium coqoiinds ail1 tend t o  minimize the  dermati t is  problem except 

i n  a s m a l l  percentage of individuals in w h m  t h e  s e n s i t i z h g  properties 

of the so luble  beryllium compounds may be evident. Employee education 

a d  good medical supervision mll prevent skin ulcers produced by im- 

p lan ta t ion  of the soluble and insoluble compounds of beryllium. 

The forms of beryllium poisoning which characterize bergllium as 

an ins id ious ly  toxic substance a re  the  lung diseases, As is t r u e  with 

other occupational diseases of the lung, inhalation of the beryllium 

compounds i n  excessive amunts is t he  plimary f a c t o r  i n  the causation 

of t he  disease.  To produce in ju ry  the beryllium cumpod must be 

inhaled i n  am>unts which exceed an individual% tolerance for the substance. 

Thus, i n  keeping with indus t r ia l  hygiene prac t ice  as it relates to the 
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c o n t m l  of many o ther  i ndus t r i a l  diseases, t h e  prevention of beryllium 

diseases of the  lung depends on the  control of atmospheric contamination. 

Limits of Permissible Atmspheric Contanhation 

The U . S. Atomic Energy Commission which has been the l a rges t  

user of beryllium comppunds i n  recent years has established an advisory 

connnittee whose pr inc ipa l  function is  to recommend t h e  m a x i m u m  permissible 
DOE ARCHIVE3 

concentrations of a tmspher ic  beryllium. 

the policy of t h i s  committee t o  recommend values which are automatically 

revoked a t  t h e  end of a 12-month period at which time the subject is 

Beginning i n  1949 it has been 

- 

reevaluated i n  the l i gh t  of new information. 

values appear qu i te  s t a b l e  i n  view of the  f a c t  t h a t  there  have been 

However, the  recornended 

no changes since the  subject  was first  considered by the  committee i n  

1949. The recommendations of the committee are: 

1. The in-plant atmospheric concentration of beryllium should not 

exceed 2 micrograms per  cubic meter as an average concentration throughout 

a &hour day.- 

2. Eventhough the  d a i l y  average might be within t h e  limits of 

flecommendation 81, no personnel should be exposed t o  a concentration 

greater  than 25 micrograms per cubic meter f o r  any period of time, 

houtver short. 

3. I n  the neighborhood of a p lan t  handling berJr1liu.m compounds, 

the average mnthly concentration should not exceed 0.01 microgram per 

cubic mter. 

Those who are not completely familiar with the  epidemiology 

of b e r g l l i n m  poisoning are  s t a r t l e d  by the f a c t  t h a t  three separate 

values are recommended. This is unique i n  industrial hygiene pract ice  

0 0 0 2 3 3 5  
. 
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where a single m a x i m u m  permissible concentration is 

the  c o n t m l  of a toxic substance. 

The value of two micrograms per cubic meter I s  

ordinarily used in 

the  only one of the  

three  values t ha t  is not based on f ie ld  study. It raa recommended by . 

the  Advisory Committee t o  t h e  Atomic Energy Commission as being a 
@E vCp'.vn reasonable ten ta t ive  l e v e l  in the  p e n  o a number of investigators 

who are f a m i l i a r  with t h e  disease. It i s  intended t h a t  2 micrograms 

per cubic meter should be the  da i ly  average exposure and thus br ief  

periods of exposure i n  excess of 2 micrograms per cubic meter are 

considered t o  be permissible i f  t h e  average exposure is wi th in  this 

limit. 

adhered to t h i s  c r i t e r i a  during i t s  four  year operating his tory has 

employed about 600 people with no cases of bery l l ios i s ,  This is an 

One recent ly  constructed beryllium production plant  which has 

encouraging record but 

s t a t ed  with any degree 

2 micrograms per cublc 

disease , 

The c r i t e r i a  that 

several  mre years must elapse before it can be 

of cer ta in ty  t h a t  experience has validated 

meter as a safe  l eve l  with respect to chronic 

peak exposures not exceed 25 micrograms per 

cubic meter is intended t o  prevent acute disease. 

t o  be w e l l  supported by experience during t he  past six years. 

beryllium poisoning has been eliminated i n  the tX'ryli5um Froduction 

industry i h e r e  it was a t  one time prevalent. 

f i v e  ye=,a few n i ld  cases occurred i n  plants where routine peak exposures 

are lixiiita t o  25 micrograms per cubic neter. These occurred only i n  

connection with the s t a r tup  of new production f a c i l i t i e s  and a t  a the 

uhen t h e  process operations was spotty, and routine control measures not 

This value appears 

Acute 

During the past four  to 

f u l l y  i n  e f f ec t .  

0 0 0 2 3 3 b  
. 
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kr noted above, 2 micrograms per oubia meter is reoommended as the 

maximum b i l y  average exposure. 

t o  4 micrograms per oubio meter for four hours a day and, i f  he were not 

Thus, an individual oould be exposed 

exposed to beryllium for the  remaining 4 hours, his  average exposure for 

t he  8 hour period would be 2 micrograms per  oubio meter, whiah is per- 
DOE ARCHIVES 

missible, Similarly, an ind iv idml  could properly be exposed for higher 

amounts for correspondingly br iefer  periods. The maximum exposure should 

not  exceed 25 micrograms per cubic mter because higher concentrations ewn 

for brief periods may produce acute disease. 

which involved 20 m i n u t e s  exposure t o  about 500 micrograms per oubio meter 

As noted ea r l i e r ,  one episode 

produced acute  disease in t h ree  individuals. 

It is possible tha t  Recommendation #2 will eventually be m i w d  for 

cer tain beryllium compounds. There is every indicat ion that bery l  is 

not capable of producing acute disease. To an only s l igh t ly  lesser extent 

there is evidence t h a t  the h i r e  f i r e d  grades of beryllium oxide are not 

acute hazardsa &reover, f o r  t h o s e  compounds which can produce acute  

disease, it i s  qui te  l ike ly  that the hazardous concentrations w i l l  vary 

from oomFound t o  compounde Homver, the evidence i s  not su f f i c i en t ly  con- 

vincing t o  justify d i f fe ren t ia t ing  between b e r y l l i m  compounds and for the 

tims being one should continue t o  apply this recommendation regardless of 

t he  fafin in which the beryllium exists. 
1 

Bsc-ndation #3 that  the average monthly oonoentration not exoeed 

.01 miarograms per oubic meter i n  the neighborhood of a plant  handling 

berylliuzl compounds is based on ac tua l  s tud ies  i n  a oommunity where air 

pol lu t ion  was responsible for b e r y l l i o s i s  among residents  near a b e r y l l i u m -  

producing plant. This value probably has a safety f a c t o r  of about 10. 
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-Yethods of Air Analysis 

Air analysis  for berylliun is the basio t o o l  with whioh an exposme 

Careful sampling procedures w i l l  provide q m f t i t a t i m  oan be e w l m t e d .  

exposure data ,  will i d e n t i e  the need f o r  control  prooeduree, and w i l l  

86888s the value of hygienio procedures already in effeot ,  

A b  analys is  fo r  beryllium i s  performed by d r a ~ n g  a known volume of 

a i r  through a su i tab le  filter medium and then analyzing for beryllium by 

e i ther  spectrographic or f luor&metric methods. 
I 

A usef'ul assembly f o r  obtaining the  a i r  sample 5.6 shown i n  Figure 1, 

(E) This uni t  contains a compact moto r  !?&!&#%~?$&~ which draws one 

cubio foot per minute through a 1-1/8* f i l t e r  paper, Whatman ##1 has 

been found t o  provide good retent ion of the dusts, fumes and m i s t s  

comnonly encountered and has the advantage of being an ashless paper, 

Air f low through t h i s  device is control led by a needle valve and measured 

by a rotameter which i s  part of the assembly, If t h e  concentration d 

beryllium is so l ow a s  t o  require a la rger  sample, the a p p r a t u s  shown 

in Figure 2 oan be used. This u n i t  i s  o a p b l e  of sampling a t  20 o h  

through a 4' Tihabran #41 disc, Eigher r a t e s  of f low oan be obtained 

using other  sampling mediao 

In general ,  a i r  samples should be colleoted in the breathing zones 

of individuals  performing poten t ia l ly  dusty oocupations and i n  the general  

workroom areas,  These can be composited to y i e l d  a masure  of the general 

level  o f  contamiration, Careful a k  analysis  w i l l  not only reveal t h e  

trmblesome operations, which are sometimes not v i s ib ly  dusty, but wi l l  

a l s o  provide a record of the exposure of an individual  worker. Table I 

i l l u s t r a t e s  &e method by which one can estimate t h e  dai ly  average 



TABLE I 

Method of Estinatine: Averane Daily Exwaure 

Jobr Sintering Furnaoe Operatar . 
T inr, C onc en- Bvg. Con' 

Total T iz  

Time 
Operation Per Opera. Per Bo.bf t r a t i  n(C) Times 

Per Shif't(T) Samp- p 
(Min) S h i f t  (mal l e  8 (Average ) ( n c )  Dpe- or 

Operating k e a  . _ i  

r .  1 
I .  

*Placing Compact in 
Furnaoe 

. 
5.3 

1.5 

3 04 

15 

1) 2 4 6 

90 

6 

9 

8.5 

40 

6 

166 

67 

13 

9 

10 

45 

6.8 - 

45 

*I) i 8 1 odging Cra phit  e 
Blooks 3 

* 2  

3 

i 

*Removing Crapaot & 
Transferring t o  De- 
contamimtion Boom 2' 

3 *Tearing Do= Compaot 

*Vacuuming & Hashing 
Compact, Bemoving Com- 
p c t  f r o m  Decontamina- 
t i o n  Boom 50 Cooling 
Bo um 42 

234 

2 08 

20 

4 

3 

15 

11.7 *Loading Blender 
. .  . ~ c - .  

*Placing Blender on 
Roller t Cleaning 
Hood 60 

450 

3 

83 

3 

4 

20 

5.4 *Loading Conpact 

*Taking Sample *om 
Compaot 22 03 3 75 

*Leveling CcRpact & 
Placing Cover on 5 

*Putting P l q r  in 
Horizontal Sinter ing 
Furnace Die 

a Sintering Furnaoe 

G& Lunch Bo- 

Gk Locker Booan 

Area 

3 1 11 33 

85.3 284.4 

40 
28 

3 

4 

6 

0.3 

1.5 

0-9 

60 
25,2 

* These aayqles collected i n  breathing zone o f  operator. 
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expoaure t o  an individual, This requires  a oareful time s tudy  of the in- 

dividmfs work habits and is useful in charec te r j t ing  the exposure assooi- 

a ted  wi th  many r epe t i t i ve  operations involving toxio substanoes. 

Methods of Chemical Amlysis 
I 

. _  I number of sa t i s fac tory  spectrographio, f l u o r p e t r i o ,  and color- 
f 

b e t r i o  prooedures f o r  the determination of micro-quantities of beryl l iun 

have been published,(l3)(14)(15) It is  important t o  note t h a t  these a i r  

samples f requent ly  involve BE l i t t l e  as lo4 grams of beryllium and that 

scrupulous care is therefore  necessary t o  avoid oontaminatim of the  

samples e i t h e r  i n  col lect ion or  analysis,  Because of this inherent dif- 

PO5 ARCIjIVES f icu l ty ,  many laborator ies  associated w i t h  t e c + e n c a  or metallurgical 

processing of beryllium a r e  unable t o  undertake t h e i r  own analysis ,  How- 

ever, with su i t ab le  precautions t h i s  can 

denced by one large beryllium production 

undertaken an a i r  analysis program. 

Design o f  Wcrking Fac i l i t i e s  

The spec i f ic  precautions which 

be accomplished. This is  evi-  

plant which has successfully 

should be observed when beryllium 

is handled w i l l  depend on t h e  ty-pe of work contemplated, There a re  

labaratory operations i n  which gram amounts of beryllium compounds oan 

be safe ly  handled in a well  operated a d  properly designed chemical hood, 

On the other hand, other laboratory pocedures  involving l e s s  than a gram 

of beryllium may require elaborate precautions if the  mrk is such that 

%he dispersion of beryllium as  a dust ,  mist or fume may O O C U ~ .  Very fer, 

i f  any, preoautions a r e  necessary for many machining operations involving 

beryl l iun copper alloy. 

precautions a r e  required in the founding of the master a l loy  or in in- 

dustrial scale operations involving the ext rac t ion  and re f in ing  of berylliun. 

This contrasts  sharply M t h  the extent t o  which - 
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'4be area i n  which a beryllium exposure e x i s t s  f'requently oan be l imi ted  

by physical separation o f  the work. 

beryllfa cruciblee can contamimte the workroom a i r  breathed by uthera 

One or two employees fabrioat ing 

rho are not d i r e o t l y  ooncerned Kith t h e i r  work. 

example8 whioh oould be c i ted ,  i a  the  opportunity t o  reduoe the extent of 

the exposure by providing a separate room i n  whioh €his  operation can be 

performed. 

Here, a s  In many other 

Berylliun, l i ke  other toxic materials should be handled i n  a work 

There it3 environment which is conducivw t o  good general housekeeping. 

much t o  be said 

neat ly  arranged 

encowaged when 

designed. 

f o r  the advantages of a wel l  illuminated, f reshly painted, 

workroom. Clean working practioes can be more e f f ec t ive ly  

one s t a r t s  w i t h  a wcrhocrm that is of i t s e l f  properly 

V a o u u n  cleaning of  f l o u r s  and other surfaces i s  a n  important prt of 

a program t o  cont ro l  dust exposure. In j u s t  a few minutes, dry swweping 
DgE ARCEVES a wor o m  produce dangerous exposures o w  where the  beryllium is other- 

wise sa fe ly  handled. Wet svieeping i s  less dusty but i n  praotice i s  d i f f i -  

cu l t  t o  supervise. Vacuum oleaning provides a thoroughly sa t i s fac tory  

method of removing accumulations of dust but cer ta in  precautions should 

be obsemd.  

The type of vacuum equipment w i l l  vary from a household vacuum oleaner 

which may be adeqmte for a smll laboratory t o  a oent ra l  heavy duty s y s t e m  
.. 

that o o s t s  tens of thousands of' do l l a r s  and serv ices  relatively large in- 

drrs t r ia l  areas. In sane oases t h e  method of  choioe w i l l  be intermediate 

and involve a 

regardless of 

portable indus t r i a l  type vacuum cleaner. It i s  important, 

&e kind of u n i t  which is adopted, that  the vacuum cleaner 



be discharged t o  outside air .  This i s  not only t o  safeguard 

tears in t h e  f i l t e r  medim but a l s o  recognizes t h e  f ao t  that  

against  suddan 

even under the 

best of operating conditions t h e  discharge a i r ,  although relatively olean, 

may be hazardous f o r  breathing purposes. In the sml l  laborator5 it is 
\ 

possible t o  pass the  discharge a i r  through a f lexible  hose te&mting i n  

a laboratory hood. 
DOE ARCHIXU 

It is  important eventhough the dPscharge om the 

wcuun system passes t o  outside a i r ,  t ha t  appropriate consideration be given 

the poss ib i l i t y  of  atmospherio pol lut ion ex ter ior  t o  the  plant. 

or may not be a problem depending on the  amount of beryllium being disoharged 

This may 

and .the subject  w i l l  be discussed i n  more d e t a i l  later. 

Vent i la t ion of Berylliun Processing 

W e l l  designed local  exhaust ven t i l a t ion  i s  frequently t h e  most essezrtial 

pr t  of a program t o  minimize the  hazard from beryllium, 

ven t i l a t ion  provides a method of capturing an aerosol (dust fume or  mist) 

Local exhaust 

as close as possible t o  i t s  source of dispersion, and conveying the con- ; 

taminant through a system of ducts t o  outdoor a i r .  mere necessary, means 

mus t  be provided for removing the contaminant i n  an aircleaning devioe 

p r i m  to outdoor discharge o f  the a i r ,  

Figure 1 i l l u s t r a t e s  the  design of a vent i la ted enclosure which permits 

manipulation of moderate amounts of t ox ic  ~llaterials. 

A number of principles are i l lus t ra5ed  by t h i s  simple enclosure. The 
A 

a i r  supply required for vent i lc t ion i s  minimied  by reducing the access 

area in front of the hood. In order t o  control dust dispersed w i t h i n  this 

enclosure, ven t i l a t ion  a t  a r a t e  of 150 t o  200 cubic f ee t  per minute per 

square foot of hood opening is required. 

proves the perforrance of the hood by reducing the ef'fects of cross  drafts 

Minimizing t h e  acoess area in= 
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and the volume of air required f o r  wlrtilatiun. Therefore the  oost of  the  

ven t i l a t ion  sy8tem.h redubed in proportion t o  a reductfun in the area of 

the  hood opening. 
- 
Good v i s i b i l i t y  is provided by large w i n d m  and in- 

s t a l l a t i o n  of i l l m i n a t i o n  within t h e  enolosure. The l a t t e r  is p r t i o u l a r l y  

important a8 it enoourages the proper use of such a hood. 

Figures 2 and 3 i l l u s t r a t e  the manner of vent i lht ing a lathe i n  whfdh 

In both methods a hlgh velocity (2000 to metall io beryllium is maohimsd. 

3000 Pt, per minute) exhaust or i f ioe  a t  the end of a 2" f lex ib le  hole i s  

mounted on the too l  post, 

of operation is properly controlled. 

In this way m o s t  of the dust formed a t  the p o r n  

D u s t  which esoapes the influence of 
DOE ARCHIVES 

this high veloci ty  exhaust nozzle is captured by a seoondarg hood o f  which 

2 types are shown, Bote tha t  in Figure 3 ven t i l a t ion  eoonomy is achieved 

by providing plas t io  shields which reduce the volume of air required fo r  

e f f ec t ive  ventilation. 

A method of vent i la t ing  a ro ta ry  kiln i s  shown in  Figure 4. h u l a r  

enclosures a t  both ends of t h e  k i l n  provide control  over dusts  and fumes 

which would otherwise be dispersed i n t o  the work roan  a i r  during normal 

operation, The vent i la t ion  hood a t  the discharge end of t h e  kiln is  in- 

tegral aith t h e  discharge shoot f o r  which ven t i l a t ion  i s  t o  be provided. 

%e f i e l d  of loca l  exhaust vent i la t ion  i s  a place i n  which it is 

advisable t o  obtain expert design advice. 

completely o r  i s  over-designed. 

A l l  too often a system f a i l s  
A 

The l a t t e r  very frequently involves un- 

necessary equipment @nd i n s t a l l a t ion  costs. Of' equal importance but not  

often amrec ia t ed  is the  excessive cos t  o f  heat which must be supplied t o  

make up air i n  a vent i la ted area in the  winter time, 

t r a t e d  in Figure 1 i s  properly exhausted w i t h  a flow 300 cubic f e e t  per 

The operation illas- 

minute, 

1000 to 2000 cubic f e e t  per minute might be required. 

By other methods which provide less sa t i s f ac to ry  probct ion ,  frm 
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Air Clt3aTlLng Equipment 

The ooourrenoe of bery l l ios i s  among res idents  in the v i o b i t y  of plant8 

using beryllitan has emphasized the need to guard against exoessive 00x1- 

tarnixstion of gaseous disohargea Prom plants and laboratories us- berylli- 

un. Of perhaps equal importame is the danger of oontaminated a i r  being 

recironlated baak i n t o  the wor30'00918. ai8 uan be oaused by d m  drSf'tS 

carrying 3 irth ally Indiluted discharge i n t o  open Windms, or by poor p h -  

ning which places the i n t a b  of a i r  supply systeme in proximity t o  the  d i 8 -  

charge from the process vent i la t ion system, 

Although the problem of a i r  pollution d e r  some oonditions i s  a v-p 
F f iy  a, - r T _ y T r :  - 
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real olze when beryllium i s  being handled, it sh-6;iid be emphasized that naJV 

b e r y l l i u m  operations oan be vent i la ted e t h o u t  the need fo r  a i rc leaning 

systems, If the beryllium is being disoharged in amounts not exceeding 

a feu grams per day, it is l ike ly  t h a t  no requirement f o r  a i r  oleaning 

exists Pmless the  point o f  discharge is poorly looated. The ven t i l a t ion  

system should preferably discharge a t  a point well above the roof level. 

The mu&mtn concentration a t  s t r ee t  level  w i l l  occur a t  approximately 

10 t o  15 stack heights from the po in t  of discharge and the mgnitude of 

this cozmmtration w i l l  degrease vtith the square of the stack height, 

Sane idea 'of the quantitative relat ionships  involved in t h e  dilution 

of Stack effluents oan be obtained from measurements i n  t h e  vioiniky of 

o m  pbmb where oareful studies were made. 

a p p r o r k a t e l g  5 lbs, of beryllium per day f rom a stack located a t  35 fee-* 

above f i e  s t r e e t  level. This discharge produced a concentration of about 

0.2 nicrograms per cubio meter 350 f e e t  from the stack, 

conditions therefore, it would be possible to discharge one quarter  

1 

T h i s  plant  was discharging 

Under similar- 
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pound of b e r y l l i m  per day without exceeding the maximum permissible oon- 

oentration for outdoor a b .  A8 a guide t o  e s t ina t ing  the order of ma@- 

tude of t h e  concentrations t o  be expeoted in  t h e  vioinity of eff luents  

oontaining Coxio materials a number of techniques u t i l i z ing  the theory  

of tu rbulen t  diffusion a r e  available. (16) 

The choice of  airoleaning equipment w i l l  depend on the physical and 

chemical f o m  i n  which the beryllium ex i s t s ,  the a i r  temperature and 

whether ur not corrosive co-oontaminants are present, 

a l so  be influenoed by t he  required co l lec t ion  effioiency, 

The ohoioe should 

A we11 

a number of 

9% and a r e  

be achieved 

me dia w h i  c h 

operated cloth bag type col lector  of t h e  type avai lable  from 

manufaoturers w i l l  provide col lec t ion  e f f ic ienc ies  of over 
DOE ARCYIVE2 sa t i s fac tory  f o r  many r equremnts .  imilar e f f ic ienc ies  oan 

with a var ie ty  of f i b r e  g lass ,  cellulose,  and other f i b r c u s  

a re  ccmmerciaQ mailable i n  the  form of replaceable mats. How- 

ever, t h e y  are only prac t ica l  for  l i gh t  dus t  loadings. 

p rec ip i ta tors  of the Cottrel  type  a r e  expensive in comparison with c lo th  or 

the glass  f i l t e r s  and offer  no appreciable advantages f o r  the r e l a t i v e l y  

Elec t ros ta t ic  

1m capaci t ies  required i n  vent i la t ing  a bery l l iun  processing operation. 

It is s o x m t d s  desirable  t o  precede any of the above type dust 

col lectors  with a centrifugal s e p r a t o r  (such a s  Cyclone) in order t o  

remove coarse material, thereby minimizing the load on the high ef f ic iency  

separator, 
L 

For cleaning a i r  containing mists, a var ie ty  o f  types of e q u i p  

ment a r e  available, Here i n  par t icu lar  the  question o f  corrosion is fre- 

quently an important fac tor  i n  determining a choice of equipment, 

towers, Venturi scrubbers and other types of wet col lectors  have been used 

successfully, 

Packed 

The choice of balancing the cost  of t he  equipment against  
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the  expeoted performanoe i e  f’requently a d i f f i o u l t  problem, p r t i o u l a r l y  

sinoe the l a t t e r  i s  of ten  unprediotable. For this reason, it i a  desirable 

t o  seek expert p i d a m e  in the se leo t ion  of equipmsnt and t o  antioipafe 

the need f o r  careful  performanoe t e s t s  and possible a l t e r a t ions  t o  the 

system a f t e r  the i n i t i a l  installation is madee 

Some General Hygienio F’reoautiona 

faundryg As disoussed previously, the t o x i c i t y  of beryllium i8 

such that a t  least one well docutnsnted case is l a o m  where the only ooniaot  

w i t h  beryllium was i n  the washing of nark garments. 

s i r ab le  t o  provide “on s i t e“  laundry f h o i l i t i e s  if a t  a l l  possible. 

only a f e w  employees a re  involved, hame type laundry equipment i s  sufficient,  

DOE ARCHIVES 
It is therefore de- 

Where 

Speaial  Problems i n  fi intemnoe Prooedures 

The m o s t  d i f f i cu l t  operations t o  control  are those having t o  

do d t h  plant and laborato,-y maintenance. Imunerable opportunities far 

exposme e x i s t  when beryllium contaminated equipment is being dismantled 

or rep t i red .  In a plant where a l l  routine work i s  -11 controlled it is 

possible for an individual with a welding torch t o  produce a lethal ex- 

posure in a few minutes,, It i s  desirable that a l l  maintenance work be 

carefilly supervised by an ind iv idml  who is conversant w i t h  the hazards 

of berylliun poisoning and can competently improvise protect ive procedures 

t o  suit t he  needs of the job. 

Bespiratarse A good pr inoiple  is that r e sp i r a to r s  should not 

be prescribed for a routine operation b u t  rather for an unnsm1 short term 

exposure where posit ive methods of‘ dus t  control  are unfeasible for mechani- 

cal cr economic reasonse 
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Whew the ooncentrations of a toxio substanoe are 8 0  high that  brief 

exposure may be l e tha l ,  even an a i r  supplied resp i ra tor  should be avoided. 

A t  l e a s t  one fatality from acute beryllium poisoning is knm t o  have 

occurred where an individual working in a cloud of b e r y l l i m  ohloride had 

t o  remove h i s  resp i ra tor  beoause the  a i r  supply lines became fouled. As 

an emergency device, for use where acute beryllitlm poisoning is a possibi l i ty ,  

a self-contained breathing a p p r a t u s  ahould be used. 

/- 

DOE ARCHIVES 
In  t h i s  equipment, an 

air supply f o r  a l imited period is assured f romei ther  a tank of O q p n  

carr ied by the wearer or by re-circulation and chemical treatment of &e 

expired breath. 

For less hazardous exposures a va r i e ty  of respiratory protection is 

avai lable ,  

?removing the  samplefYom a compaot" involves (a brief 1/2 minute) exposure 

Referring t o  Table I it w i l l  be noted t ha t  the operation of 

to 75 micrograms per cubic meter. For exposure of t h i s  kind a toxic dust 

respirator would be satisfaotory.  

Beryllium i s  a highly toxic material capable of producing a var ie ty  of 

diseases i n  humans. Acute pneumonitis and be ry l l i o s i s  a re  the  principal 

e f fec ts  which must be guarded against. 

The p r inc ipa l  methods of control a r e  those which l i m i t  the concentration 

of beryllium i n  air to safe  levels.  

prevention of acute disease and bery l l i o s i s  have been ten ta t ive ly  recommended 

by the U. S. Atomic Energy Commission t o  its contractors and t o  date  have 

been successful i n  t he  control of these lung diseases. 

yaximum permisslble concentrations for 
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