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The chemical toxicity of the beryllium ion exceeds that of aW 

CrdcG 
material ever used in industry hut, as is true for industrial 

hazard, the risk in the handling and processing of this metal. and it8 

compounds can be eliminated if $roper precautions. are taken. 

It mas with much reluctance that many toxicologists finally accept& 

the fact that beryllium is toxic. This was understandable in view of 

the many ways in which the pattern of beryllium disease differed from 

the better known occupational diseases. Horsever, evidence for the 

toxicity of beryllium accumulated during the past decade is ovsrwhemng 

and the criteria by which a substance ca be lsbeled as potentially 

erous have been amply satisfied. 

The earliest reports of dr;seaze anong beryllium workers came fron 

ad (1) in a series of contributions from investigators who identiriel 

we om recognize as acute teryllium poisoning. However, the role 

in these early cases was not understood and t'ie acute disez=e, 

of chenical pneumnia, Ras erroneously relsted to the 

and oxyfluorides whxh were co-contzlainants of 

in which the Euro?e=c cases occurred. 

- 5 2 ,%e first knoxn cases in this country were reported in 19&3 (2). 
c 3 ,: .; I- 
Y L -# 

I 

e nistcries of these cases and of others which have been reported in 

mre recent years have been qly revimed in prior pblications (3)(k) 

90 be presented at a mseting of the Amtricm Ebciety for Yetals, bst~c, 
Wch, 19% 
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--.-.and uiU not be discussed in detail here. From these reports, hcv:ever, - *+ 
- __ - -- 

-- -_ -. 
% -- 

has emerged general agreement amng investigator6 that beryllium i8 

capable of producing a variety of toxic mardfestatiom in humane: 

I 

DOEkRCHJVq 
a. Acute irritation of the respira ry rac , ncluding 

chemical pneumnitie (which we nil1 refer to as the 

"acute disease"). 

b. A chronic disease wberylliosisa in which lung 

involvement is the principal feature but in which 

there are also a number of systemic inanifestations. 
.. . 

C. A variety of skin reactio& including dermatitis, 

ulcers and benign tumors. 

The Acute Disease 

Certain beryllium compounds have the ability to produce an acu:e 

chemical pneumonitis which is similar in form to that experienced from 

exposure to phosgene, nitrous fumes and cadmium oxide. 

its course in a few weeks and unless death occurs ciuling this period 

The disease runs 

complete recovery may be expected. 

so cases that have been reported (including about 15 deaths) occurred 

A large majority of the hundred or 

In the plants inwhich beryllium compounds are extracted from ore. 

ever, so38 cases have been reported from the fluorescent lamp industry 

Hn- 

and fmr laboratories engaged in beryllium metdlurgy. 

published series of cases, L7 survivors of the acute disease were followed 

for as long as 12 years and the investigators report that no persom 

include2 in their survey developed chonic berylliosis (11). 

In the largest 
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I - - _- L-4w=-=~-----~ __ - - - , Acute pneumonitia ha8 been produced by inhalation of beryllium metal, 

GrglUw oxide, pulphate, fluoride, the hydroxide and the chloride (5). 
-/ 

/-1 __ 
- 

Werienze with other berywum sglts is lacking but it may be a8sumed 

that all soluble beryUlum co~ounde are-capable of producing acute 

disea8e. 
DOE ARCq!pt 

Two cases of acute pnewnitia have been r ed (6) from 

I 

the flucrescent lamp induatry where It appears that the exposures in- 

volved beryllium oxide in the preparation of the phosphor rather than 

the phoqhor itself. Berg1 ore and the various beq'lllum containing 

phosphors and copper alloy8 have not produced acute disease, although 

detailed field studies have been nade only for ore. 

The toxicity of beryllium oxide is variable, a finding that 1- 

first &e In field studiea (5). 

of beryllium oxide as high as 30 milligram per cubic meter were associstd 

with no acute ca8es among exposed erqloyees, whereas in another plant, 

4 mirligrams per cubic Deter ua8 productive of a verg high incidence of 

acute dFsease ulth a high fatality rate. 

the toecity of beryllium oxide, like Its chernical reactivity, i6 

mark- fnfluenced by the calcining temperature. 

under certain conditions concentrations 

Further etudy disclcad that 

Oxides prcduccd abwe 

appraximtely 2800' F ~SEOEE relatively lorr specific surface mea and 

apparently do not possess acute toxicity. 

laboratcry experiment which showed that animals developed acute beryllim 

poisonkg when exposed to the lm fired oxide but were able to tolerate 

hi@ qosures to oxides formed at higher temperatures (7). 

This has been confirmed by 

me size of the Ibery'ilimn oxide pafiicles formed in the oxidation 

process increases with calcining terqerature. 

small pzrticles formed by firing at lou teqeratures nay produce particy&t= 

Aggloneration of the very 
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whose dhensions are of the same order as the diameter of the dust Of 

high fired oxide. However, these agglomrates rill have a higher 6pcif'iC 

surface area and will be mre reactive. 

Acute pneumonitis has occurred from single accidental exposures to 

beryllia 

is agzin sin&lar to the irritant gases like nitrous fumes and phosgene 

which dlzo have the ability to produce pulmnarg edema following brief 

but excessive exposure. 

In this respect, the acute toxicity of the beryllium Cornpods 

DOE ARCH!= 

In one episode for uhich detailed air analysis 

are avaiLable (s), a 20 minute exposure to beryllium fluoride produced 

acute disease in three individuals. The exposure which followed the 

aidden accidental release of beryllium fluoride was in the range of 

LOO to 650 micrograms of beryllium per cubic meter pf air. 

amunt 0," beryllium inhaled by the affected individuals could not have 

The total 

greatly exceeded 50 micrograms. Conpzred with the dose of other irritvlts 

required to produce equivalent pulmnary injury, this is an exceedingly 

small mt. 

tine one would have to inhale approximately 50 milUgrams1 

To pfoduce injury by phosgene in a comparable period of 

Sturies of the occurrence of acute disease in beryllium production 

lplants revealed that all cases could be associated with concentrations 

of soluble beryllium compounds in excess of 100 micrograms per cubic 

Eo,ter. Xien the concentrations exceeded 1 milligram.per cubic meter 

cases uere persistently produced among almost all personnel. 

Berpllicsis 

It kas been shown that the levels of beryllium exposure capable of 

Froducirg acute disease are of 8 lm order in comparison with the doses 

of other chedcal irritants which produce acute pneumonitis. The dose 
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... ----e==, -'c which w- produce berylliosis, chronic beryllium poisoning, is of yet a _--- -- -_ *- 
lmer order, - 

- .- 
- 

Them is now essential unanimity wit& the medical pmfeseion that 
--. 

berylllcsis is a distinct disease distinguishable fmm other lung diseases 

by a dque complex of clinfLcal roentgenographic, histologic. and bio- 

chedcal characteristics. 

DOE ARCHIVES 

.. 
Although much has been learned about this 

disease, the causative factors and the mechanism by which ,injur;V is 

produce6 remain obscure, A number of striking features chracterize the 

disease, 

would be considered inconsequential if we were dealing with e7en the most 

vinlent of other toxic chemicals. 

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

- 

For example, a concentration of lead 

of l~O*~ricrograms per cubic meter is considered a safe exposure to lead, 

but chrc-xic beryllium poisoning has been caused by concentrations of 

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

in atcm2c weights, it may be unfair to compare the toxicity of beryllium 

Mth th,-t of a heavy metal such as lead. 

six rzcrograms of beryllium are equivalent to 150 micrograms of leed. 

On a molar basis approximately 

'Knen corsidered in this uay, the toxicity of beryllium is less striking 

although it remains somewhat higher than lead. 

\ 

The extraordinary toxicity of bezylliun is eqhasized by the on -Cur= r) :E 

of brtxylliosis among resident6 in the vicinity of at.lesst two plats in 

RHC~ bErylliurn was processed. 

in the .;icinity of industrial plants are known and are illustrated by 

such 7hcidents as the one which occurred in the smg at Donora, Peansylvzdr, 

the occrsrence of berglliosis is apparently unique amng the chronic diseazer. 

Although instaces of 7 acute intoxication 
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Despite the enomus tonnages of lead, arsenic and mercury processed 

- LA- ---- - try, and in spite of the marked capacity of these metels t0 - _. 
.. 

produce dises'e among workers, there are no known cases of CodtY 

.-- . 
DOE ARCHIVES 

Intoxication attributable to air pollution from these source~. .- 

L? one cormrmnity a total of 16 cases ipcludlng five fatalities has 

These cases occurred within 3/L of B mile from a plant 

- 
been reported. 

producing beryllium compounds from the ore (8). 'None of these individua 

had a history of occupational exposure to beryllium and their only ex- 

posure RZLS therefore to the contaminated atmsphere surrounding the 

plant. men these cases were reported, an effort was made to estimate 

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

mile froo the plant. 

absence of cases beyond 3/4 mile suggested that the concentration at 

this distance could be used as the maxinun permissible concentration 

This concentration was important because the 

far contimous (168 hours per week) exposure to beryllium, 

Air analysis In the vicinity of this plant during a period of 

norm1 operation Indicated that the 34 mile concentration was certddy 

less than 1 microgram per! cubic meter of air and probably ranged bebeen 

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

One ordinarily expects that the Incidence of disease will vary 

The dose-response curve for a directly with the dose administered. 

toxic metal is usually a sigmoid in which no injury is observed belolr__ 

the minirtm toxic dose. 

injury iJzcI.eases until it reaches 100% of the exposed population, 

coqlete data are lacking, there is evidence that the dose-response 

relationships in the case of chronic beryllium poisoning do not follow 

the pattern to which other chemical poisons conform. 

* 

As one increases the dose, the frequency of 

Althocgh 

. 

In the neighborhood 
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existed. rela ti0 nship8 -_ 
-- -- - -+----cases I __ -- described above, the usual dose-response 

_- 

-- -- -.-- - 
-.a, ~ -- 

Individuals lfving closer to the plant were exposed to higher con- 

centrations than thoae livbg at beater distances and It was closest 

tb the plant that the greatest frequency of cases occurred. Harrever, ‘ 

.. 

it is startling 

.. beryllium plant 

Within the 

developed chronic disease, 

first quarter of a mile of the plant, where the concen- 

trations of beryllium were on the order of 1 microgram per cubic meter, 

the incidence of berylliosis nas approximately 18. 

however, employees were exposed to concentrations as much as a thousand 

Within the plant, - 

times greater but only 9 cases of berylliosis have developed in 1s years 

amng the 1700 people who were at one time or another employed, 

incidence of approximately .s% is lower than the incidence among the fi-st 

This 

quarter of a mile residents despite the fact that the inplant conceatra” “1C2E 

Rere higher by possibly three orders of magnitude. 

feature of the in-pl&t cases is that the nine individuals who develo?ed 

berylliosis were employed only for relatively brief periods, Le., less 

Amther puzzling 

than 4 nonths. 

amng those whose histories indicate the longest exposure. 

seem true in this plant. 

One oxdharily expects to find chronic occupational diS?~zO= 

The reverse 

BexyIl5osis is peculiar in that individuals may develop the disease 

after very long latent periods. 

cessation of exposure. 

Cases have occnrred up to 11 years after 
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- . The small amounts of beryllium which are capable of producing 

disease are reflected in the exceedingly minute deposits of beryllium 

in affected tissues, 

-beryllium WBB found b be preaent in a whole lung (h), 

__-__ - -- __ _-----. 
.- __ I - _-- 

-.. --- \. -- - 
/- 

-- 

In some fatal cases less than .1 microgram of 

lioreover, there 

i 

I 

appear6 t& be no rslatlonahip between the degme of pathology and the 

amunt of berpllium found in the tissues at aubpy, 
DOE ARCHIVES 

The unusual characteristics of thi6 dlBeaae have led some bveBtig8- 

tore to abandon the hypothesis that bergllioais is 8 sbple chemical - 

intoxication and seek an explanation for the We-e in the theom that 

a sensitizing reaction is involved (3). 

possible to explain many of the pecnliarities of this disease. 

F%ith this -othesis,it is 

One can demonstrate quite readily that beryllium oxide exposure 

was the specFfic compound involved in mst of the reported case8 of 

berylliosis, but this in itself is not conclusive because beryllium oede 

is the ccmpound most used industrially. 

berylliuz which has-found application in the ceramics industry. 

machining of beryllium metal, the metallic dust particles form oxide 

coatings; and in bergllium copper founding, beI.glUum oxide is a constitxent 

of the fcme. There are, however, two hportant industries, beryllium 

extracticn and fluorescent 1- manufacturing, in which be~I3.iw.n coqods 

other tCrn the oxide are widely used. The spotty occurrence of berylliosis 

It is the only compound of 

In the 

in these industries may possibly be explained Q the hypothesis that- 

berylliu= oxide is the causative agent of this disease. 

In the beryllium extraction plants, the Frincipal exposures are to 

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

only a sd minority of the eqloyees are -sed to beryllium oxide. 
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- I A. om plant for which data over a 17 year period are available, all 
- , -,-- :--- - __u- 

-- I_-_. - - -- 
of the horn casea of berylliosis occurred in Individuals who had been 

exposed to beryllium oxide: 

developed amng approximately 1700 employees who have at one time or 

--. . 
I 

-- 

This is true for the nine cmes which have 
r- 

.- 

.. 

DOQRCWES 
another worked in this plant. As noted ear er, s waa the plant near 

! 

! ahspheric contamination. It is noteworthy that the principal beryllitoa 

which a nunber of residents developed berylliosis, presumably from 

1 

compound emitted from this plant was bel-yllium oxide in the fumes emitted 

fmmthe beryllium copper furnaces. Exposure to this fume existed within 

: the plat ,as well but relatively few employees were involved reason 

of its physical isolation. 

In another beryllium production plant there have been no cases of 

berylliosis among approximately 200 individuals who haye been eqlcyed 

during the 12 years thia plant has been in operation. 

absence of caaeu ia not :surprising when one considers the frequency of 

diaease in the larger of these two plants where comparable exposures 

1 

The complete 
! 

I 

existed. 

"ka largest single series of cases occurred in a fluorescent 1- 

plant in ~assachusette. It has been observed that all of the indlviduds 

who developed berylliosis were exposed to the phosphors used prim to 1512, 

during uhich time the beryllium oxide content was about 12%.(6)(9) 

The benllium content of phosphors in subsequent use was restricted to 

about s, a change which masstimulated by the wartime requirements for 

hqm=* No cases have developed among ewloyees who were hired 

subseqiat to early f9L2 when the 2% beryllium oxide phosphors were 2do;tel. 

. 
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- It ha~~ been shorn by X-ray diffraction stdies (10) that the ---_ -_ 
L 

- _-1 -- -- _. -_ __-. 
.- ---- ---- - - -_ 

solubility of beryllium oxide In the zinc silicate host lattice iS 
- 
. _- 

-. 

1Mted to 30.molar percent for phosphore’having up t0 l$ manganese, 
.. 

The ~olubility of beryUum oxide decrsaserr with increases in manganese 
r 

content. The limited solubility of beqllfum %SeH~xq,-beIyllium o - 
manganese phosphors Is thue no greater than 6.0% and would be considerably 

I lower in the case of a phosphor containing :magnesium or rmre than 18 

lcanganese. 

in phosphors in which the beryllium oxide in the original mix exceeds 

its Ut of solid solution in zinc silicate. 

The presence of free beryllia is thus a distinct possibility 

It appears reasonable t0 

conclude, tentatively, that berylliosis in the fluorescent lq induatrp 

was prodnced by free beryllium oxide present as an excess in the phosphor. 

Unfortunately, this question as well as many others cannot be annerd 

readily by animal experimentation, Berylliosis, like certain other hurcan 

diseases, has not as yet been produced in laboratory animals despite 

many systematic atteripts durhg the past 12 years. 

years, scm progress has been made by one investigator (11) who succeeded 

Eithin the past few 

in producing the typical lesion of beryllium poisoning in porcine skin 

by implarting a phosphor containing 33% beryllium oxide. 

oxide RE probably present in this phosphor. . -ever, implantations of 

Free beryllium 

pure beryllium oxide and beryllium Icetal did mt produce the characteristic 

lesion seen in beryllium workers. This experiment xmld seem to contradict 

the hypothesis that beryllium oxide is the specific causative fector. Only 

further studies of this type uill tell. 
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\ Amthor- illustration of the unusual toxicity of beryllium is found 

.- --- 
c_ 

.-I 

__I-- - 
----L- - _- - -r in the occurrence of berylliosis in individuals residing in the 

household with bexyllium norkers, 

whose ow exposure to beryllium occurred in the washing of her husband'8 

mrk clothes (8). 

- - 
A typical case is that of a housewife 

--r 

No other industrial toxin is known to have produced 

DOE @Cpm 
poisoning in this way. During the inves ga ion of this case, work 

garments from the plant where her husband was employed were laundered 

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

It was concluded on the basis of this study, that the laundering Of 

contaminated work clothes results in the inhalation of about 17 microgrw 

of bergllium. 

- 

While this is a very meager exposure, it is certainly of 

a magnitxde of hygienic significance when compared to other data given 

above. 

Sdn Xlanifestatioras 

The soluble beryllium compounds have the characteristics of both 

primary irritant8 and sensitizing agents, In one large plant over 25% - 

of the new employees exposed to BeF2 developed a dermatitis within the 

first ferr weeks of exposure. BeP2 when accidentally implanted into an 

abrasion or laceration of the skin may produce an ulcer which will persist 

until the beryllium is remved. 

.. 
- -- 

Fluorescent lamp phosphors and metallic beryllium,- when implant& - 

/ t 

accicientally into the skin, have been kwm to produce a benign tumor 

at the site of the implant. The onset usually occurs from 2 to 4 mnths 

after initial. implantation frequently following apparent healing of the 

rmd. Pathologically, 

tNs lesbn is a granuloma of the type seen in the lmgs of berylliun workers. 

The lesion lirill persist until the implant is remved. 

0001 9b-I 
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__ - ._---. AB noted earlier, it has been reproduced scperimentallp in the pig. 
- . ___-- - ___ . .- --- -- 

27- -- Prevention of Bergllium Poisoninq 

The above infonqtion provides a background rrith'whlch It is possible 

- to develq the basic procedures by which the various manifestations of 

beryllium poisoning can be prevented. The procedures adopted rill, of 
.- 6OE ARCHIVES 

I 

cour~e, depend on the physical or chemical properties of spcific beryllim 

conrpods or alloys, as well as the manner in which they ;u'e to be 

handled. 

1 The skin reactions to beryllium are a lm order hazard in comparison 

! 

i 

. .. 

. .. 

I with the danger of lung injuxy, and this presentation trill therefore 

not be concerned in detail with this problem. Dermatitis has been a 

serious Fmblem only where the acid salts of beryllium @articularly 

Bey2 and (NHj,)2BeF~ .are handled. 

and process bgiene that are necessary to prevent lung injury to 

berylEm coqounds will tend to nrininize the dermatitis problem except 

in a mall percentage of individuals in wbm the sensitiztng properties 

of the soluble beryllium compounds may be evident. 

ad pod nedical supervisionwill prevent skin ulcers produced by im- 

plantation of the soluble and insoluble colponnds of beryllium. 

The strict standards of personal 1 

Employee education 

The forms of beryllium poisoning which chaacterize bexyllium as 

an insidiously toxic substance are the -lung dise;i9esr As is true Kith-. 

other ocmpational diseases of the lung, inhalztion of the beryllium 

coqounde in excessive amunts is the pm factor in the causation 

of the disease. 

inhaled in amunts which exceed an individual3 tolerance for the substance.' 

Thus, in keeping with industrial hygiene practice as it relates to the 

1 

To produce injury the be4Uwn compound mst be 

. 
.- 



control of many other industrial diseases, the prevention of beWlliUm 

diseases of the lung depends on the control of atmospheric contadnation, 

-- --- 
-- ,-c---- _.- _-.- .- --- 

-* - --- ---.- 

. .-I I Limits of Permissible Atmspheric Contaknation 

.. .; .7 

.- 

The U . S. Atomic Energy Commission which has been the largest' 

mer of beryllium comppunds in recent years has established an adVi60l-g 

.- 
, -. 

codttee whose principal function is to recommend the maximum parmissible 
DOE ARCHIVE3 

concentrations of atmspheric beryllium. 

the policy of this committee to k!commend values which are automatically 

revoked at the end of a =-month period at which time the subject if3 

Beginning in 1949 it has been 

reevaluated in the light of new information. 

values amear quite stable in view of the fact that there have been 

no chmges since the subject was first considered by the committee in 

However, the recornended 

1949. The recommendations of the committee are: 

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

exceed 2 inicrograms per cubic mter as an average concentration throughont 

an &hour day.- 

2. Eventhough the daily average dght be within the limits of 

Ikmmemation 81, no personnel should be exposed to a concentration 

greater than 25 micrograms Fer cubic meter for any period of time, 

hone ve r short . 
3. In the neighborhood of a plant handling beqllium compounds, 

the averoge nonthly concentration should not exceed 0.01 microgram per 

cubic zter. 

Those who are not coqletely fdliar with the epidemiolcgy 

of bsyI3it.m poisoning are startled by the fact that three separate 

valiles are recommended. This is unique in industrial hygiene practice 

. 
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x- 
xhere a single maximum permissible concentration is ordinarily used in 

the control of a toxic substance. 

-_ _--- - . __ - - 
-_ - - - 

- -- 
-. . .. 

The value of 4x0 micrograms per cubic meter is the only one of the 

three values that is not based on field study. 

the Advisory Comittee to the A&mic Energy Commission p8 being a 

It was recommended b . 
1 .'_ 

I 

$$E vCp1vm 
reasonable tentative level in the pen o a number of investigators 

? 

i 

who are familiar with the disease. 

per cubic meter should be the daily average exposure and thus brief 

It is intended that 2 micropame 
i 

, 

I 

-- .- 

periods OP exposure in excess of 2 micrograms per cubic meter are 

considered to be permissible if the average exposure is within this 

limit. Gne recently constxucted beryllium production plant which has 

adhered tn this criteria during its four year operating histoq has 

eqloyed about 600 people with no cases of berylliosis. This is an 

encourag- record but several mre years mst elapse before it can be 

stated wLth any degree of certainty that experienze has validated 

- 

2 microens per cublc mter as a safe level with respect to chronic 

dise zse. 

The criteria that peak exposures not exceed 25 micrograms per 

cubic mecar is intended to prevent acute disease. 

to be well supported by experience during the past six years. 

berylliur poisoring has been elbinated in the beky13i.m Froduction 

industry =here it was at one tins prevalent. 

five y~=ii,a few zild cases occurred in plants  hem routine peak exposureE 

ne l-k& to 25 micrograrrs per cubic zeter. These ccmred 0- in 

This value a??ears 

Acute 

- 

During the past four t~ 

comctics with the startup of new production fxilities and at a t- 

when the grocess 0peratior.s wzc spotty, and routine coritrol neasures not 

fuw in effect. 
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bs rxted above, 2 micrograms per cubio meter 58 rooomended a8 th6 
-2----. . __I__ -. - ---- 

-----e--- - 
- maximum &ily average expo~ure. Thus, an individual oould be exposed --- ~ 

- --* 
- 3- 

,. 
.. to 4 mlcrog& per Q&~O meter for Pour home a day and, if he were not 

exptmed to beryllim for the remining 4 hours, hie average exposure fur- - 

the 8 hqlp period would be 2 micrograms per oubio meter, whioh is per- 
DOE ARCHIVES 

mlasible, 

amounts f QP correspondingly briefer periods, 

not exceed 25 micrograms per cubic meter because higher concentrations even 

Similarly, an individrrsl could properly be exposed for hlgher 

The maximum exposure should 

for brief periods may produce acute disease, As noted earlier, one episode 

which involved 20 minutes exposure to about 500 micrograms per oubic meter 

produced acute disease in three individuals, 

It 5s possible that Recornmenhation #2 will eventually be waiwd for 

certain beryllium compounds. There is every indication that beryl is 

not epable of proaucing acute disease, To an only slightly lesser extent 

there is evidence tht the hire fired grades of beryllium aide are not 

acute hazards. &reover, for those compomds which can produce acute 

disease, it is quite likely 'hat the hazardous concentrations will vary 

from caqound to cmpound. Homver, the evidence is not sufficiently con- 

vincing to justify differentiating between berylliun compounds and for the 

time beiq one should continue to apply this recommendation regardless of 
.. 

the f rpp in which the beryllium exists. 
* 

Bec=nmndation #3 that the average monthly concentration not exceed 

,01 micrograms per cubic meter in the neighborhood of a plant hmdling 

berylliu= compounds is based on actual studies in a community where air 

pollution was responsible for berylliosis among residents near a beryllium 

producbg plant. This wlue probably has a safety factor of about 10, 

\ 
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Air analysis for beryllfun is the basic tool with whiah an expos~e 

om be awlrated. Careful sampling procedures will provide quantitativs 

exposure data, dll identie the need for control prooeduree, and dl1 - 

--- - _- -- -*-- -- _. 

1 

i 

a68e86 the valus of wgienio prooedures already in effeot. 

A3r analysis fcr beryllium is performed % draidng a humn v01- of 

air fkough a suitable filter medium and then analyzing for beryllium 9 

either spsctrographia or fluorbmetric methods. 

I 

! 

11 
-I 

iI 
A useful assembly for obtaining the air sample is shm in Figme 10 

(12) This unit contains a compact motor %!$e4%BEV which draws one. 
1 

cubio foot per minute through a 1-1/8* filter paper. Thatman #4l bas 

been fornd to provide good retention of the dusts, fumes and mists 

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

Air flm through this devioe is controlled by a needle valve and measured 

by a robeter xhich is prt of the assembly. If the concentration af 

beryllium is so low as to require a larger sample, the appratus shown 

jn Figure 2 can be used. 

through a 49 mhatsan #41 disc. 

This unit is oapble of sampling at 20 cfm 

Higher rates of flow oan be obtained 

using other sampling media. 

In general, air samples should be collected in the breathing zone8 

of individuals performing potentially dusty oocuptions and in the general 

mrkroarr areas. These clan be cornposited to yield a meafiure of the genaral 

level of contamination.. Careful air analysis will not only reveal the - 

trooblesons operations, which are sometimes not visibly dusty, but will 

also provide a record of the exposure of an individual worker. Table I 

illustrates %e met&od by which one can estimte the daily average 

A 
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diyidmfa work habits and is useful in oharaotetlzing the expoeure assoaf- 

ated with many repetitive operations involving toxio substanoes. 

. Yethods of Chemical Amlyais 

e 

_- A number of satisfaatory speotrographia, fluorpmetrio, and oolor- 

I Y 

betrio prooedures for the determbtion of miaro-quantities of beryllium 

*ve been published,(l3)(14)(15) It is importad to note that these air 

samples frequently involve as little as IO+ grams of beryllium ana that ~ 

scrupulous care is therefore necessary to avoid contamination of the 

samples either in collection or amlysia. Because of this 1nheren-k dif- 

PO5ARCYIVES 
ficu'lty, nany laboratories associated with t e c . erica or metallurgical 

processing of beryllium are unable to undertake their own anelysis, Bow- 

mer, Kith suitable precautions this can be accomplished. This is ed- 

denced by one large beryllium production plant which has successfully 
- 

undertaken an air analysis program, 

design of Warking ficilitiee - 

The specific precautions which should be observed when beryllitn 

is handled will depend on the type of work contemplated, 

laboratory operations in which gram amounts of beryllium compounds oan 

be safely handled in a well operated and properly desiped chemical hod. 

There are 

On the crt",er hand, other laboratory prooedures involving-less than a grap 

of beryllium may require elaborate preaaubions if the work is auah tht 

the dispersion of beryllium as a dust, mist or fwne may oacur. Very few, 

if any, preoautions are necessary for many mchining operations fnvolving 

berylliun copper alloy, 

precantions are required in the founding of the master alloy or in in- 

destrial scale operations involving the extraction and refining of beryllirn. 

This contrasts sharply Fdth the extent to which - 

-E 4 
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%a area in which a beryllim exposure exists frequently oan be linitec 
.--e ~ 

- . . - - -. -. - - - - -- -- --- I 
2- id --_ -. -* __ by physical separation of the work. One or two emplopea fabrioating 

_-. - 
_- - _- 
c beryllia crucibles oan oontamimte the workroom air breathed others 

rrho are not .- direotly .- oonaerned mith their work. Here, ae in many other. 

-. exanplea whioh oould be oited, ia the opportunityto reduce the _-- extent - of 

the exposure by providing a separate room in whioh €hie operation oan be 

perfarmed. 

Berylliun, like other toxio materials should be handled in 8 work 

There is environment which is conducive to good general housekeeping. 

much to be said for the advantage8 of a well illuminated, freshly painted, 

neatly arranged workroom. Clean working praotices can be more effectively 

encouaged when me starts with a workroan that is of itaelf properly 

._ 

de 8 igne d. 

Vacuun cleaning of floors and other surfaces is an important prk of 
T 

-. 

... 

.a program to control dust exposure. In just a few minutes, dry smeping 

DOEARCHIVES - 
o.=n produce dangerous exposures m a workroom”-where the beryllimn is othar- 

mise safely handled. Wet sweeping is less dusty but in praotice is diffi- 

cult to supervise. 

method of removing accunulations of dust but oertain precautions should 

Vaouum uleaning prwides a thoroughly satisfactorp 

&e wpe of vacuum equipment Kill vsry from a household vacuum oleene: 

dich may be adequxte for a small laboratory to a oentral heavy duty systc, 

A 

that costs tens of thousands af dOlhr8 and service8 relatively large h- 

dnskial areas. In sane cases the method of choice Kill be internediate 

and hive a portable industrial tppe vacuum cleaner. It is importat, 

regardless of the kind of unit which is adopted, that the vacuum cleaner 

. 
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be dischtrged to outside air. This is not only to safeguard 

... - .- 

against sudden 

even under the 

best of operating conditions the discharge air, although relatively olean, 

may be hazardous for breathing  purpose^. In the smll laboratoryl it'is . 

possible to pass \he discharge air through a flexible hose teknating in 

I laboratory hood. 
DOE ARCHIF 

It is important eventhough the dlsoharge om the , 

wcum system psses to outside air, that appropriate consideration be giwn 

the possibility of atmospherio pollution exterior to the plant. 

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

This may 

an3 &e subject will be discussed in more detail later. 

Ventilation of Beryllium Processing 

Well designed local exhaust ventilation is frequently the most essential 

prt of a program to minimize the hazard from beryllium. Local exhaust 

ventilation Fovides a method of capturing an aerosol (dust fume or mist) 

as close as possible to its source of dispersim, and conveying the con- i 

taminant &&rough a system of ducts to outdoor air. There necessary, msam 

nust be provided far removing the c on'amimnt in an aircleaning device 

prim to outdoor discharge of the air, 

Figce 1 illustrates the design of a ventilabd enclosure which pdts 
t 

mnipdation of moderate amounts of toxic materials. 

A nmber of principles are illustra5ed by this simple enclosure. The 

air suppl;~ required for ventiktion is minimized by reducing the access 

area in front of the hood. 

enclosure, ventilation at a rate of 150 to 200 cubic feet per minub per 

square foot of hood opning is required. llinimlzing the acoess area in- 

~oves *As performnce of the hood by reducing the effects of cross drafts 

In order to control dust dispsrsed within &&is 
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and the voluae of air required for ventilation. 

ventilation system i's reduoed in proportion to a reduat;ion in the area of 

the hood opening. 

stallation of illmination uithin the enolosure. 

Therefme the oost of ths 
---- L - -- - =- __- -_ I_ 

- 2- -- -: -=.- - 
4 

-c r 
*, --_ - 

Good vilsibility is provided by large whdm and in- 

The latter IE partiouhrly 

important as it enoourages the proper use of suoh a hood. 
._ -- 

.. 

Figures2 and 3 illustrate the manner af ventilhtlng a lathe in 

metallia beryllium Is machiaed. In both methods a high velocity (ZOO0 to 
I 

3000 Pt. per minute) exhaust orifioe at the end of a 2" flexible hole is 

mounted cm the tool post. 

of operation ia properly controlled. 

In this way most of' the dust formed at the point 

Dust which escapes the influence of 

DOE ARCHIVES 
this high w1ocity exhaust nozzle is captured by a secondary hood of which 

2 types are shorn. 

by providing plastio shields which reduce the volme of air required for 

Bote that in Figure 3 ventilation eoonomy is achieved 

0001971 

effect iw ventilation. 

A rssthod of ventilating a rotary kiln is shown in Figure 4, hub 

enclosures at both ends of the kiln provide control over dusts and fws 

wEch would otherwise be dispersed into the workroan air during norr~l 

operatim. The ventibtion hood at the discharge end of the kiln 5s in- 

tagral Kith the discharge shoot for which ventilation is to be provided. 

The field of local exhaust ventilation is a plaoe in which it is 

advisable to obtain expert design advice. All too often a system fails 
a 

completely or is over-designed. 

necessary equipment gnd installation costs. 

often awreciated is the excessive cost of heat nhich must be supplied to 

mke up air in a ventilated area in the winter time, 

bated in Figure 1 is properly exhausted with a flm 300 cubic feet per 

d~ute. 

loo0 to 2000 cubic feet par ninute might be required, 

The latter very frequently involves an- 

Of equal irnpartance but not -- 

The operation ill- 

By other methods which provide less satisfactory pro*ction, frm 
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berylliosis among residents in the vioinity of pladr 

using berylliirm has emphasized the need to guard against exoessive om- 

-_ tamimtion of gaseoua disoharges from plants and bboratories using berylli- 

uno Of perhaps equal importame is the danger of ountaated - -- - air being 

recirculated baak into the worhooamrt, This oan be oaused by dmm drafts - .- 
.- 

oanying P ikt-ially mdiluted discharge into open windms, cr by poor ph- 

ning nkich pbces the irrtab af air supply systems h proximity to the di6- 

charge from .- the process ventilatian system. . 

Although the problem of air pollution under some oonditions 'is a vary 

OE ApCFiV&Sb 
real oae when beryllium is being hanRed, i s ou e emphasized that rnv - 

beryllium operations oan be ventilated xithout the need for aircleanlng 

sptem. If the beryllium is being disoharged in amounts not exoeedlng 

a few grams per day, it is lilosly that PO requirement for air oleaning 

eests =less the point of discharge is poafly looated, The ventilation 

systex should preferably discharge at a point pwI1 above the roof level, 

The mx5mun concentration at street level will occur at appraxdtely 

10 to l5 stack heights from the point of discharge and the mgnitude of 

this coxcentration will desrease with the square of the stack height, 

Scne idea'of the quantitatiw relationships involved in the dilution 

of' stack effluents can be obtained from measurements in tbe vioinity of 

om pe where oareful studies were made. This plant was discharging 

approrbtely 5 lbs, of beryllitan per day from a stack located at 35 feet 

above %e street level, This discharge produced a concentration of about 

0.2 &~crograms per cubic meter 350 feet fr& the stack. &Zer sak- 

conditions therefore, it would be possible to discharge one quarter 

0001918 
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pound of beryllim per day without exceeding the maximum permissible ooc- 

*-. .- _- - 
oentration for outdoor ab. As 8 guide to estimting the order of ma@.- 

tude of the conaentrations to be expeoted in the vicinity of efflmnts 

&-C- _- -- 
, - -=---- 

- 

-, . .. 2. . 

i 

ooniainipg toxio materials a number of techniques utilizing the theorp 

of turbulent diffusion are awil~ble,(lb) 

- 

.- 

The choice of airoleaning equipment will depend on the phy8ical and 

I 

1 chemical form in mhich the beryllium exists, the air tbmperature and 
i 

whether ar not corrosive co-contaminants are present. The choioe should 

also be 5nfluenced by the required collection efficiency. 

A m11 operated cloth bag type collector of the type available from 

a number of mnufaoturers will provide collection efficiencies of over 

DOEARC 1V 
9% and ese satisfactory for mny requremsnVs. F!!imilar efficiencies ca3 

be achieved with a variety of fibre glass, cellulose, and other fibrCU6 

media which are cmmrciallg wailable In the form of replaceable mats. Ea- 

ever, they are only practical for light dust loadings. Electrostatic 

precipitators of the Cottrel type are expensive ,in comparison with cloth e 

the glass filters and offer no appreciable ad-vantages for the relatively 

low capacities required in ventilating a beryllium processing operatio- 

It is somtiroes desirable to precede any of &e above tVpe &st 

colleatcrs with a centrifugal seFator (such as Cyclone) in order to 

remove coarse material, thereby minimizing the load on the high efficienry 

sefarator. 

me& are awilable, 

quently an important factor in detedning a choice of equipnt. 

towers, Venturi scrubbers and other types of wet collectors have been wed 

successfully, 

For cleaning air containing mists, a variety of types of e&p 

Here in particular the question of corrosion is fre- 

P~cb5 

The choice af balancing the cost of the equipmsnt against 

. 
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the expeoted performano8 18 frequently a diffioult problen, partioularly 

For thie reason, it is desirable 

of equipment and to antioipate 

the need for careful perfarmanoe tests and possible alterations to the - 

-, 1 system after tb initial installation is made. 
i 

! 
.! 

i - .- 

such 

rith 

Sope General Hnienio Precautions 

lamdrys As disoussed previously, the toxicity of beryllim is 

that at least one well documented case is hewn here the only contact 

beryllium was in the washing of nark prments, 
DOE ARCHIVES 

It 5s therefore de- 

sirable to provide 4on site" laundry facilities if at all possible. 

only a feu employees are involved, home type laundry equipent is sufficiezt, 

Where 

Spoial Problems in Zlsintemnoe Procedures 

The most difficult operations to control are those bring to 

do dth plant and laboratory ~caixtensnce. Innmerable opportunities far 

exposure exist when beryllim contaminated equipnt is being dismantled 

or repaired. In a plant where all routine work is well controlled it is 

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

posure in 8 few minutes. It is desirable that all maintenance %ark be 

carefnlly supervised by an individual 'IRho is conversant rith the hazards 

of brylliun poisoning and can competently imFovise protective prozedrgs 

A 

to suit the needs of the job. 

Respirators8 A good prinoiple is that respirakrs should no': 

be prescribed far a routine operation but rather for en ~ususl short ts,~ 

exposure where positive methods d' dust control are rmfessibie far zecF,a-"- 

cal OT economic reasons. 
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lhu-e the oonceatratione of a toxio substanoe are 80 high that brief 

9-- - ---- - - - - - - - 
-I--- -_-_ --- 

-?*=--- - + 
- --exposure mag be lethal, even an air supplied respirator should be avnided. 

A-7. _- -- 
At bast one ?ataUty from aoute beryllium poiaoxdng ia lmom to have 

occurred where an individual working in R cloud of berylliun chloride had 

to remove his reapirator beoause the air supply lime beaame fouled. 

f 

*, hs 

an emergency dedce, for use where acute beryllium poisoning is a possibility, 

a self-contained breathing appratus should be used. 

air supply for a limited period is assured fromaither a tank of Oxygen 

DOE ARCHIVES 
In this equipment, an 

* 

carried bg the wearer or by re-ciroulation and chemical treatment of *e - - 

.. .- 

expired breath. 
- 

For less hazaraons exposures a variety of respiratory protection is 

available- 

%moving the samplef'rom a compotn involves (a brief 1/2 minute) exposure 

to 75 micrograms per cubic meter. 

Referring to Table I it will be noted that the operation of 

For exposure of this kind a toxic dust 

respirator would be satisfaotory. - 

\ 

Beryllium is a highly toxic rcaterial capable of producing a vviety of 

diseases in humans. Acute pneumonitis and berylliosis are the principal 

effects ahich mst be guarded against. 

The principal methods of control are those uhich limit the concentration 

of bergllium in air to safe levels.: Uaximum permissible concentrations for 

prevention of acute disease and berylliosis have been tentatively recommend& 

by the U, S. Atonic Energy Commission to its contractors and to date have 

been successful in the control of these lung diseases. 

000 I38 I 
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DOE ARCHIVES 
Roy E. Albert and William €3. Hams reviewed this manuscript and ' 

made rnw worthwhile suggestions for which the author wishes to record 

his indebtedness. 
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