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HEALTH HAZARDS FROM DERYLLIUM™

703460
, Merril Bisenbud®*

The chemical toxicity of the beryllium jion exceeds that of any
material ever used in industry but, as is true for g‘?ndust.rial
hazarcﬁj the risk in the handling and processing of this metal and iis
compounds can be eliminated if proper precautions are taken.

It was with much reluctance that many toxicologists finally accepted
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 cccupational diseases. However, evidence fer the
toxicity of beryllium accumilated during the past decade is overwhelming

o i:;d the criteria by which a substance csn be lsbeled as potentially

d‘bngerous have been amply satisfied,
i
|

i+ The earliest reports of disease among beryllium workers came fron

aﬂr{:ad (1) in 2 series of contributions from investigators who identified
| f
|

n e
+.

ij‘ w}iah': we now recognize as acute beryllium poisoning. However, the role

Ec’::t l Gfg bi{ezyllium in these early cases was not understood and the acute diseszse,
gl‘ Eﬂﬁh}ch is a type of chemical pneumonia, was erroneously related to the

IO‘] :;gpr%sgnce of fluorides and oxyfluorides which were co-contaminants of

E‘; g‘\ th Workmom atmospheres in which the European cases occurred,

LY

=T ’§ 1\'1‘1"8 first known cases in this country were reported in 19L3 (2).

o

‘

w—-ﬁ*‘”“'ﬁ'ﬁe”ﬁistcrms of these cases and of others which have been reported in

mre recent years have been amply reviewed in prior publications (3)(L)
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and will not be discussed in detail here. From these reports, however,
has emerged general agreement among investigators that beryliium is

capeble of producing a variety of toxic manifestations in humansi
DO
a. Acute irritation of the mspigaﬂxg[_g}fa%é, including

chemical pnsumonitis (which we will refer to as the

"acute diseaseM),

b. A chronic disease Mberylliosis® in which lung
involvement is the principal feature but in which

there are also a number of systemic manifestations.

c, A variety of skin reactions including dermatitis,

ulcers and benign tumors.

The Acute Disease

Certain beryllium compounds have ths ability to produce an acute
chemical pneumonitis which is similar in form to that experienced from
exposure to phosgene, nitrous fumes and cadmium oxide, The disease runs
its course in a few weeks and unless death occurs during this period
complete recovery may be expected. A large majority of the hundred or
so cases that have been reported {including about 15 deaths) occurred
in the plants in which beryllium compounds are extracted from ore. How-
ever, some cases have been reported from the fluoreséent lzmp industry
and from laboratories engaged in beryllium metallurgy. In the largest -
published series of cases, L7 survivors of the acute disease were followed
for as long as 12 years and the investigators repert that no persons

included in their survey developed chronic berylliosis (L).
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Acute pneumonit_ia has been produced by inhalation of beryllium metal,
beryllium oxide, sulphate, fluoride: the hydroxide and the chloride (5).
Experience with other béryllium salts iz lacking but it may be assumed
that all soluble beryllium compounds are capable of producing acute
disease. Two cases of acute pnaumniiia%?&‘%fezgnf ry;;ted {6} from
the fluorescent lamp industry where it appesrs that the exposures in-
volved beryllium oxide in the preparation of the phosphor rather than
the phosphor iteelf. Beryl ore and the verious beryllium containing
phosphors and copper alloys have not produced acute diseése,‘ although
detailed field studies have been made only for ore,

The toxicity of beryllium oxide is varisble, a finding that was
first mede in field studies (5)., Under certain conditions concentrations
of beryllium oxjde as high as 30 milligrams per cublc meter were associated
with no acute cases among exposed employees, whereas in another plant,

L milligrams per cubie meter was productive of a very high incidence of
acute Id.iaeaae with = hiéﬁ fatelity rate. Purther study disclozed that
the toxicity of beryllium oxide, like its chemical reactivity, is
merkedly influenced by the caleining temperature. Oxides produced above
approximately 2800° F possess relatively low specific surface area and
apparently do not :;oaaaas acute toxicity. This has been confirmed by
laboratory experiment which showed that animals developed acute beryllinm
poisoning when exposed to the low fired oxide but were able to tolerate
high exposures to oxides formed at higher temperatures (7).

The size of the beryllium oxide particles formed in the oxidaticn
process increased with calcining temperature. Agglomeration of the very .

small particles formed by firing at low temperatures may produce particulates
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whose dimensions are of the same order as the diameter of the dust of

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

surface area and will be more reactive.

Acute pneumonitis has occurred from single accidentsl exposures 1o
beryllium. In this respect, the acute toxicity of the beryllium compounds
is again similar to the irritant gases like nitrous i‘umés and phosgene

DOE ARCHIVES
which also have the ability to produce pulmonary edema following brief
btut excessive exposure, In one episcde for which detailed air analysis
are available (5), a 20 minute exposure to beryllium fluoride produced
acute disease in three individuals, The exposure which followed the
sudden accidental release of beryllium fluoride was in the range of
400 to 650 micrograms of beryllium per cubic meter of air. The total
amunt of beryllium inhaled by the affected individuals could not have
greatly exceeded 50 micrograms. Compsred with the dose of other irritants
required to produce equivalent pulmonary injury, this is an exceedingly
small amocunt, To preduce injury.by phosgene in a comparable period of
time one would have to inhale spproximately 50 milligrams{

Studies of the occurrence of acute disease in beryllium production
‘plants revealed that all cases could be associated with concentrations
of solubie beryllium compounds in excess of 100 micrograms per cubic
meter, When the concentrations exceeded 1 milligram per cubic meter ,

cases wers persistently produced smong almost all persconnsl,

Beryllicsis
It has been shown that the levels of beryllium exposure capable of

producing ascute diseass are of a low order in comparison with the doses

of other chemical irritants which produce acute pneumonitis. The dose
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which mzy produce berylliosis, chronic beryllium poisoning, is of yet a
lower order.

" There is. now essential unanimity within the medical profession that
beryliic: 5is is a distinct disease distinguishable from other lung diseases
by 2 unique complex of clinical roen?gggo?rggﬁg‘j%smlogic ‘and bio-
chemical characteristics. Although much has been learned about this
disease, the causative factors and the mechanisms by which injury is
produced remain obscure. A number of striking features chracterize the
disease. Severe cases have been known to develop from exposures which
would be considered inconsequential if we were-dealing with even the most
virulent of other toxic chemicals, For example, a concentration of lead
of 1505 ricrograms per cubic meter is considered a safe exposure to lead,
but chronic beryllium poisoning has been caused by concentrations of

only a few micrograms per cubic meter, Because of the marked difference
in atomic weights, it may be unfair to compare the toxicity of beryllium
with that of a heavy metal such as lead, On a molar basis approximately
six micrograms of beryllium are equivalent to 150 micrograms of lead,
When r;:or.sidered in this way, the toxicity of beryllium is less striking
althougk it remains somewhat higher than lead,

The extraordinary toxicity of beryllium is emphasized by the occurrence
of berylliosis among residents in the vicinity of at least twe plants in
which beryllium was processed. Although instances of acute intoxication
in the vicinity of industrial plants are known and are illustrated by '

such incidents 2s the one which occurred in the smog at Donora, Pennsylvanisa,

the occurrence of berylliosis is apparently unique among the chronic diseases.
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Despite the enormous tonnages of lead, arsenic and mercury processed
in industry, and in spite of the marked capacity of these metals io
produce disease among workers, there are no known cases of community

DOE ARCHIVES
intoxication attrlbutable to air pellution from these sources,

In one commnity a total of 16 cases ipcluding five fatalities has
been reported, These cases occurred within 3/L of a mile from a plant
producing beryllium compounds from the ore {8). None of these individuals
had a history of occupational exposure to beryllium and their only ex-
posure was therefore to the contaminated atmosphere surrounding the
plant, When thess cases were reported, an effort was made to estimate
the concentration of beryllium to which people-were exposed 3/ of a
mile from the plant. This concentration was importént because the
absence of cases beyond 3/l mile suggested that the concentration at
this distancs could be used as the maximum permissible concentration
for contimious (168 hours per week) exposure to beryllium,

Air analysis in the vicinity of this plant during a peried of
normal opsration indicated that the 3/4 mile concentration was certeinly
less than 1 microgram per cubic meter of air and probably ranged between
+01 and .1 microgram per cubic meter of air,

One ordinarily expects that the incidence of disease will vary
directly with the dose administered. The dose-response curve for a
toxic metal is usually a sigmoid in which ne injury is observed below
the minimm toxic dose. As one increases the dose, the frequency of
injury increases until it reaches 100% of the exposed population. Although
complete data are lacking, there is efidence that the dose-response
relationships in the case of chronic beryllium poisoning do not follow

the pattern to which other chemical poisons conform. In the neighberhocd
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cases described above, the usual dose-response relationships existed.
Individuals living closer to the plant wore exposed to higher con-
centrations than those living at greater distances and it was closest
to the plant that the greatest frequency of cases occurred., However,
it is startling that relatively few indigggggégagﬁirgo ed in this
beryllium plant developed chronic disease.

Within the first quarter of a mile of the plant, where the concen-
trations of 5e:yllium were on the order of 1 microgram per cubic meter,
the incidence of berylliosis was approximately 1%. Within the plant,
however, employees were exposed to concentrations as wmuch as a thousand
times greater but only 9 cases of berylliosis have developed in 15 years
among the 1700 people who were at one time or another employed. This
incidence of approximately 5% is lower than the incidence among the first
quarter of a mile residents déspite the fact that the inplant concentrations
wore higher by possibly three orders of magnitude. Another puzzling
feature of the in—plént caseé is that the nine individuals who developed
berylliosis were employed only for relatively brief periods, i.e., less
than 4 months. One ordinarily expects to find chronic occupational diseases
among those whose histories indicate the longest exposure. The reverse
seems true in this plant.

Berylliosis is peculiar in that individuals may develop the disease
after very long latent periods. Cases have occurred up to 1l years after

cessation of exposure.
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The small amcunts of beryllium which are capable of producing
diseass are reflected in the exceedingly minute deposits of beryllium
in affected tissues, In some fatal cases less than .1 microgram of
‘berylliuz wes found to be present in a whole lung (k). Moreover, there
sppears to be no relationship between the degree of pathologr ard the
gmount of beryllium foundDi(r)l%#aR‘Ei};lg}:arés at autopsy.

The unusual characterietics of this disease have led some investiga-
tors to abandon the hypothesis that berylliosia is a simple chemical
intoxication and seek an explanation for the disease in the theory that -

a sensitizing resction is involved {3). With this hypothesis,it is
possible to explain many of the pecuiiarities of this disease,

One can demonstrate gquite readily that beryllium oxide exposure
was the specific compound involved in most of the reported cases of
berylliosis, but this in itself is not conclusive because beryllium oxide
is the compound most used industrially. It is the only compound of
beryllium which has found application in the ceramics industry. In the
machining of beryllium metal, the metallic dust particles form oxide
coatings; and in beryllium copper founding, beryllium oxide is a constituent
of the ftume. There are, however, two important industries, beryllium
extracticn and fluorescent lamp marmfacturing, in which beryllium compounds
other than the oxide are widely used. The spotty occurrence of berylliosis
in these industries may possibly be explained by the hypothesis that
beryllium oxide is the causative agent of this disease.

In the beryllium extraction plants, the rrincipal exposures are to
the dust and mist of beryl, beryllium sulfate and beryllium fluoride. —

Only a small minority of the employees are exposed to beryllium oxide.
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In one plant for which data over a 17 year period are available, all
of the known cases of berylliosis occurred in individuals who had been

exposed to beryllium oxide, This is true for the nine cases which have

developed among approximately 1700 employees who have at dne time or
DO VES

another worked in this plant, As noted eas.felrz-,c §"was the plant near
which a number of residents developed berylliosis, I;resumably from
atmospheric contamination. It is noteworthy that the principal beryllium
compound emitted from this plant was beryllium oxide in the fumes emitted .
from the beryllium copper furnaces. Exposure to this fume existed within
the plant as well but relatively few employees were involved by reason

of its physical isolation,

In amother beryllium production plant there have been no cases of
berylliosis among approximately 200 individuals who have been emplcyed
during the 12 ysars thié plant has been ip operation. The complete
abgsence of cases is not saurprising when one considere the frequency of
disease in the largsr oI: these two plante where comparable exposures
existed,

The largest single series of cases occurred in a fluorescent lamp
plant in Massachusetts. It has been observed that all of the individuals
who developed berylliosis were exposed to the phosphors used prior to 1542,
during which time the beryllium oxide content wes about 12%,(5)(9)

The berzllium content of phosphors in subsequent use was restricted to
about 2%, a change which wasstimilated by the wartime requirements for
beryllivm. No cases have developed among employees who were hired

subseguent to early 1942 when the 2% beryllium oxide phosphors were adopted.
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It has been shown by X-ray diffraction studies (10) that the
solubility of beryllium oxide in the zinc silicate host lattice is
limited to 30 molar percént for phosphors having up to 1§ manganese.
The solubility of beryllium oxide decréase; with increases in manganese
content. The limited solubility of baryl]l:)ignl;: é&geﬂ !.gEﬁ.nc-beryllium -
manganese phosphors is thus no greater than 6.8% and would be considerably
lower in the case of a phosphor containing magnesium or more than 1%
manganese, The presence of free beryllia is thus a distinet possibility
in phosphors in which the beryllium oxide in the original mix exceeds
its limit of solid solution in zinc silicate. It appears reasonable to
conclude, tentatively, that berylliosis in the fiuorescent lamp industry
was produced by free beryllium oxide present as an excess in the phosphor.

Unfortunately, this question as well as many others cannot be answered
readily by animal experimentation, Berylliosis, like certain other human
diseases, has not as yet been produced in laboratory animals despite
many systematic attempts during the past 12 years. Within the past few
years, scme progress has been made by one investigator (11) who succeeded
in producing the typical lesion of beryllium poisoning in porcine skin
by implanting a phosphor containing 33% beryllium oxide. Free beryllium
oxide was probably present in this phosphor. However, implantations of
pure beryllium oxide and beryllium metal did not produce the characteristic
lesion seen in beryllium workers, This experiment would seem to oontradigt
the hypothesis that beryllium oxide is the specific causative factor. Only

further studies of this type will tell.
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Another illustration of the unusual toxicity of beryllium is fourd
in the occurrence of berylliosis in individuals residing in the same
household with beryllium workers, A typical‘case is that of a housewife
whose only exposure to beryllium occurred in the washing of her husband's
work clothes (8)., No other industrial toxin is known to have produced
poisoning in this way. During the Qr%%s%:{{gca;c{i!c:{x%f this case, work
garments from the plant where her husband was employed were laurdered
in 2 manper simulating the laundering procedure she used in her homs.

I{ was concluded on the basis of this study, that the laundering of
contaminated work clothes results in the inhalation of about 17 micrograms
of beryllium, While this is a very meager expos;;re, it is certainly of

a magnitude of hygienic significance when compared to other data given
above,

Skin Manifestations

The soluble beryllium compounds have the characteristics of both
primary irritants and sensitizing agents. In one large plant over 25%
of the new employees exposed to BeF, developed a dermatitis within the
first few weeks of exposure. BaF2 when accidentally implanted into an
abrasion or laceration of the skin may produce an ulcer which will persist
nntil the beryllium is rer_nbved.

Fluorescent lamp phosphors and metallic beryllium, when implanted

~

gccidentally into the skin, have been known to produce a benign tumor

at the site of the implant. The onset usually occurs from 2 to 4 months
after initial implantation frequently following apparent healing of the
wound, The lesion will persist until the implant is removed, Pathologi-cally,

this lesion is a granuloma of the type seen in the lungs of beryllium workers.

0002333
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As noted earlier, it has been reproduced experimentally in the pig.

Prevention of Beryllium Poisoning

The above information provides a background with which it is possible

to develop the basic procedures by which the various manifestations of
DOE ARCHIVES

beryllium poisoning can be prevented. The pmcedures adopted will, of
course, depend on the physical or chemical properties of specific beryllium
compourds or alloys, as well as the manner in which they are to be
handled, |

The skin reactions to beryllium are a low order hazard in comparison

.4. with the danger of lung injury, and this preseﬁtation will therefore

not be concerned in detail with this problem. Dermatitis has been a
serious problem only where the acid salts of beryllium @articularly
BeF, and (NHh)zaeFD are handled, The strict standards of personal
and process hygiene that are necessary to prevent lung injury to
beryllium compounds will tend to minimize the dermatitis problem except
in a smz2l} percentage of individuals in whom the sensitizing properties
of the solubJ:e berviliun cempounds may be evident, Employee educat.:i_.on
and good medical supervision will prevent skin ulecers produced by im-
plantation of the soluble and inscluble compounds of beryllium.

The forms of beryllium poisoning which characterize beryllium as
an insidiously toxic substance are the lung diseases, As is true with
other occupational diseases of the lung, inhalation of the beryllium
compound& in excessive amounts is the primary factor in the cavwsation
of the disease, To produce injury the beryllium compound mist be
inhaled in amunts which exceed an individual® tolerance for the su‘nstan‘ce.'

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

00023354
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control of many other industrial diseases, the prevention of beryllium
diseases of the lung depends on the conirol of atmospheric contamination.

limits of Permissible Atmospheric Contamination

The U. 3., Atomic Energy Commis aion‘which has been the largest
user of beryllium comppul;ds in recent years has established an advisory
committee whose principal function is to recommend the maximum permissible

DOE ARCHIVES
concentrations of atmospheric beryllium. Beginning in 1949 it has been
the policy of this committes to recommend values which are automatically
revoked at the end of a 12-month period at '«};ich time the subject is
resvaluated in the 1ight. of new information. -However, the recommended
values appear quite stable in viem of the facf that there have been
no changes since the subject was first considered by the committee in
19h§. 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
an 8-hour day. |

2. Eventhough the daily average might be within the limits of
Recommendation #1, no personnel should be exposed to a concentration
greater than 25 micrograms per cubic meter for any period of time,
however short.

3. In the neighborhood of a plant handling beryllium compounds,
the average monthly concentration should not exceed 0,01 microgram per
cubic meter.

Those who are not completely familiar with the epidemiology
of beryllium poisoning are startled by the fact that three separate

values are recommended. This is unique in industrial hygiene practice

0002335
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where a single maximm permissible concentration is ordinarily used in
the control of a toxic substance,

The value of two micrograms per cubic meier is the only one of the
three values that is not based on field study. It was recommended by
the Adviscry Committee to the Atomic Energy Coﬁmiasion as being &
reasonable tentative level in the g]Ene%‘B%P l;/ Egmber of ‘inves’cigatora
who are familiar with the diseass. It is intended that 2 micrograms
per cubic meter should be the daily ;verage exposure and thus brief
periods of exposure in excess of 2 micrograms per cubic meter are
considered to be permissiﬁle if the average.expésure is within this
limit. One recently constructed beryllium production plant which has
adhered to this criteria during its four year operating history has

employed about 600 pecple with no cases of berylliosis. This is an

encouraging record but several more years must elapse before it can be

stated with any degree of certainty that experience has validated
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As rnoted above, 2 micrograms per cublc meter is recommended 2s the
maximum dmily everage exposure., Thus, an individual could be exposed
to 4 microgram;s per oubio meter for four howurs & day and, if he wera not
exposed to beryllium for the remaining 4 hours, his average exposure fur
the 8 hour period would be 2 micrograms per cubioc meter, which is per-

DCE ARCHIVES

missible, Similerly, an individuwel could properly be exposed for higher
emounts for correspondingly briefer periods. The maximunm exposure should
not exceed 25 micrograms per cubic meter because higher concentrations even
for brief periods may produce acute diserse, As noted earlier, one episode
which involved 20 minutes exposure to about 500 micrograms per oublc metar
produced acute disease in three individuals,

It is possible that Recommendation #2 will eventually be waived for
certain beryllium compounds., There is every indication that beryl is
not capable of producing acute disease, To an only slightly lesser extent
there is evidence that the hire fired grades of beryllium oxide are nok
scute harzards. Moreover, for those compounds which ecan produce acute
disease, it is quite likely that the hazardous concentrations will wvary
from compownd to compound, Howsver, the evidence is not sufficiently con-
vineing to justifly differentiating betwsen beryllium compounds and for the
time being one should continve to apply this recommendation regardlesss of
the farm in which the baryllium exists,

Recommendation #3 that the av&rage moﬁthly soncsntration not exoceed
«0l micrograms per cubic meter in the neighborhood of a plant handling
beryllivm compounds is based on actual studies in & sommmity where air
pollution was responsible for berylliosis among residents near a beryllium

producing plant. This value probably hes a safety fmctor of about 10,

5002331



Fiem o AMmb e e L -

- 16 =

- Methede of Air Analysis

Air analysis for beryllium is the basioc tool with whioh an exposure
oan be evalmted, Careful sampling procedures will provide gquantitative
exposure data., will identify the need for comtrol procedures. and will
asgess the value of hygienio procedures already in effect, ”

Air analysis for beryllium is performed by drawing a known volume of
eir through a suitable filter medium and then apalyzing for beryllium by
either spectrographie or fluori;metric methods,

A useful assembly for obtaining the air sample is shown iﬁ Figure 1,
(12} This unit conteins & compact motor FR&?‘%‘EQME@ which draws one.
cubia foot per minute through a 1-1/8™ filter paper, Whatman {41 has
been found to provide good retention 61’ the dusts, fumes and mists
comnonly encountered and has the advantage of being an ashless paper.

Air flow through this device is controlled by a meedle valve and measwed
by & rotameter which is part of the assembly, If the concentration of
beryllium is so low as to require a larger semple, the apraratus shown
in Figure 2 ocan be used. This unit is oapable of sampling at 20 ofm
through & 4% Whatmwan #41 disc, Higher rates of flow can be obtained by
using other sampling media,

In general, air samples should be collected in the breathing zones
of individumls performing potentially dusty occupations and in the general
workroom areas, These can be oompﬁsi‘bed %o vield a meesure of the general
level of contamimtion, Careful air analysis will not only reveal the
troublesome operetions, which are sometimes not wiaibly dusty, but will
also provide a record of the exposure of an individual worker, Table I

illustrates the method by which one can estimete the daily average

00072338 "
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TABIE I

Method of Estimating Average Dally Exposure

Jobr Bintering Furnace Operator

0 " Time ' Time Concen~ Avg. Con!
Pe;: cn "Per Opere. Per Fo.of tratign(C)  Times
Opere. Per Shift(T) Samp- p . Total Ti-
Oporating Area (Min)  Shirt  (#in) ~ les  (Average)  (TXC)
vPlecing Compact 4in _ .
Furnace 6 1/3 2 4 543 10
*Dislodging Craphite pOE ARCHIVES
Blocks _ 90 1/3 30 3 1,5 45
$Romoving Compaot &
Transferring to De- .
contamim tion Roem 6 1/3 2 ° 2 5.4 6.8 -
sTearing Down Compaot 9 1/3 3 3 15 45
*?a.cuxming & Fashing
Compact, Removing Com=
pect from Decontamina-
tion Room to Ccoling
Room 8.5 1/3 2,8 4 15 42
*Loading Blender 40 1/2 20 3 11,7 234
Flacing Blender on
Roller & Cleaning
Hood . 6 1/2 3 3 20 60
Loading Compact 166 1/2 83 4 5.4 450
#Taking Sample from
Compaoct 67 1/2 o3 3 75 22
*loveling Compect &
Flacing Cover on. 13 1/2 6.5 5 1.5 9.8
sPutting Plumger in
Horizontal Sintering -
Furnace Die 9 1/3 3 1 11 33
GA Sinterinz Furnace
Aresn 284,4 3 0,3 . 8.3
GA Lunch Roam 40 1.5 60
G Locker Room 28 8 0.9 25,2
2T = 508 : Z (T x c) = 1090
T c
z (—Z?Tj?— = 2.1 ngn Bo/M° (Average Exposire) :

% These sarrles collected in breathing zone of operator,

~
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exposure to an individual., This requires a careful time study of the in-
dividwY¥s work habits and is useful in characterjizing the exposure associ=-
ated with many repetitive opsrations invelving toxie substences,

Mothods of Chemical Amalysis

A number of satisfactory spectrographie, ‘fluor?;natrio, and oolor=-
fa'netrio procedures for the determimation of mioro—qu;.ntities of beryllium
have been published.{13)(14){15) It is important to note that these air
samples frequently involve as little as 1078 grams of beryllium and thet
sorupulous care is therefore necessary to avoid contamination of the
samples either in collection or amalysis. Because of this inhsrent 4if-
ficulty, many laboratories associated with t&ocﬁ;ém%gﬂlggsmtallwgical
processing of beryllium ers urable te undertake their own analysis, Eow-
ever, with suitable precautions this can be accomplished, This is evi~
denced by one large beryllium production plant which has successfully
underteken an air analysis program,

Design of Werking Facilities

The specific precautions which should be observed when beryllium
is hendled will depend on the type of work contemplated, There are
labaratory operations in which gram amounts of beryllium compounds oan
be safely handled in a well operated .az:d properly designed chemical hoods.
On the other hand, other leboratory proocedures involwing iesa than a gram
of beryllium may reguire elaborate mreocaubions if the work is such thet
the dispersion of beryllium as a dust, mist or fume may cocur. Very few,_
if any, precautions are necessary for many machining operations involving
beryllium copper alloy. This contrasts sharply with the extent to which -
precautions are required in the foumding of the master alloy or in in-

dustrial scale operations involving the extraction and refining of berylliium.

0007340
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The area in which & beryllium exposure exisis freguently can be limited
by physical separation of the work, Ome or two employees fabricating
beryllia cx_-uci:blas can contamimate the workroom air breathed by others
who are not d;‘treotly concerned with their work, Here, as in many other
examples which oould be cited, is the opportunity to reduse the extent of
the exposure by providing a separate room in which this opsration can be
performed,

Beryllium, like other toxic materials should be handled in a work
ax.w_i_rqnmenf which is conducive to good gensral housekeeping, There is
much to be said for the advantages of a well illuminated, freshly painte&,
neatly arrenged workroom, Clean working practices can be more effectively
encouwraged when one starts with & worlkroom that is of itself properly
designeda

Vacuum cleaning of flowrs and other surfaces is an important part of
a program to control dust exposwre. In just & few minubes, dry sweeping
san produce dangerous axposuresD?t?aé%grﬁ‘r{c?ere the béryllium is other-
wise safely handled, Wef swooping is less dusty but in practice is diffi-
cult to supervise. Vaouum cleaning provides a thoroughly satisfactory
method of removing accumulations of dust but certain precautions should
be observed.

The type of vacuum equipment will vary from & household vacuum cleener
which may be adsquate for a small laboratory to & oe;rtral heavy duty system
that costs tens of thousands of dollars and services relatively large in-
dustrial areas, In same oazses the method of choice will be intermediate

end involve a portable industriel typs vacuum cleaner, It is important,

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

gggziutd
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be discharged to outside air, This is not onrly to safeguard apgainst sudden
tears in the filter medium but also recognizes the faot that even under the
best of operating conditions the discharge air, although relatively olean,
may be hazardc'ms for bresthing purposes, In the smll laborator% i% 1a_
possible to pass ;ﬁhe discharge air through a flexible hose termimting in
a laboratory hocdes It is important eventhough thPfl)S.EéAhﬁrcgl;nX'Eé the _.‘
vacuun system passes to outside air, 't:h.at. appropriate consideration be given
the possibility of atmospheric pollution exterior to the plent, This may
or may not be a problem depending on the amount of beryllium being disoharg‘ed
and the subject will be disscussed in more detail later. |

Ventilation of Beryllium Processing

Well designed local exhaust ventilation iz frequently the most agsantia.l
part of a progrem to minimize the hazard from beryllium, Local exhaust
ventilation provides a method of capturing 2n aerosol (dust fume or mist)
as close as possible to its sowrce of dispersion, and conveying the con= .
taminant through a system of ducts to outdoor air, Where necessary, mesns
nmust be provided for removing the contamirapt in an aircleaning devioce
prior to ocutdoor discharge of the air.

Figure 1 illustrates the design of a ventilated enclosure which permits
manipulation of moderate amounts of toxic mtérials. .

A number of prineciples are illustrated by this simple enclosure, The
air supply required for ventiletion is minimized by ;educing the access
area in front of the hood. In order %o control dust dispersed within this
enclosure, ventilation at a rate of 150 to 200 cubic feet per minute per
squere foot of hood opening is required. Minimizing the acoess area im-

proves the perforrmnce of the hood by reduecing the effects of cross drafts
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and the volume of air required for vemtilation, Therefore the cost of the
vermtilation system. iz redused in proportion %o a reduction in the area of
the hood opening, Good visibility is provided by large windows and in-
stallation of‘illmina‘l:ion within the enolosure, The latter is partioularly
important as it encowrages the proper use of sush a hoods

Figures 2 and 3 illustrate the manner of ventilating a lathe in whick
metallis beryllium is machined, In both methods a high velcoity (2000 to
3000 £t. per minute) exhaust orifice at the end of a 2™ flexible hole is
mounted on the tool posts In this way most of the dust formed at the poiflt‘
of operation is properly controlled., Dust which escapes the influence of—
this high wvelocity exhaust nozzle i=s cap?u?gdAgycgls}égosndary hood of which
2 types are shown, Note that in Figure 3 ventilation economy iz achieved
by providing plastic shields which reduce the volume of air required for
effective ventilation,

A mothod of ventilating a rotary kiln is shown in Figure 4, Annular
enclosures at both ends of the kiln provide contrel over dusis end fumes
which would otherwisze be dispersed into the workroam air during normal
operation, The ventilation hood at the discharge end of the kila is in~-
togral with tﬁe discharge shoo} for which ventilatiom is to be provided,.

The field of local exhaust ventilation is a plaoe in which it is
advisable to obbtain expert desipgn adviece. All too often a system fails
completely or is over=-designed. Thé latter very fre;uantly involves un-
necessary egquipment and installation c¢ostss Of equal importance but not -
often appreciated is the excessive cost of heat which must be supplied to
make wp air in a ventilated area in the winter time, The operaticm ill'as-_
trated in Figure 1 is properly exhausted with a flow 300 cubic feet per
minute., By other methods which provide less satisfactory protection, from

1000 to 2000 cubic feet per minute might be required.
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Air Cleaning Equipment

The ooccurrence of berylliosis among residents in the vioinity of pla.xﬂ:s‘

using baryllihn has emphasized the need to guerd against excessive cam-
“tamimtion of gaseous discharges from plants and Iaboratories using 'be_rylli-
w, Of poerheps equal importance is the danger of conmtaminated air being
reciroulatsd back into the workrooms, This oan be caused by dom drafts
oarrying virtually mdilubed discharge into open windows, or by poor plan-
ning which places the imbake of air supply systems in proximity to the dis_-
charge from the process ventilation system, '

A1though the problem of air pollution under some oonditions is a very
real one when beryllium is being handrié:d“: ;:C;;é;%ﬂbe emphasized that many
beryllium operations cen be vemtilated without the need for airclesning
systems. If the beryllium is being discharged in amounts not exceeding
a few grams per day, it is likely that no requirement for air oleaning
exists umless the point of discharge is poarly located, The ventilation
sysbtem should meferably discharge at a point well above the roof leval,
The maximum concentration at street level will occur at approximmtely
10 to 15 stack heights from the point of discharge and the magnitude of
this comcentration will decrease with the square of the stack heighte.

Sane idea of the quantitative relationships involved in the dilutiomn
of stack offluents can be obtained from measurements in the vioinity of
one plawnt where ocareful studies we;re made; Thia plant was discharging
approxizately § 1bs. of beryllium per day from a stack located at 35 feet
above the street level, This discharge produced a concentration of about

0,2 micrograms per cubic meter 350 feet from the stack, TUnder similar-

conditions therefore, it would be possible to discharge one quarter
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pownd of beryllium per dey without exceeding the maximum permissible con=
sentration for outdoor air, As & guide to estimating the order of magni-
tude of the concentrations to be expected in the viecinity of effluwsnts
containing to:.dc mterials 2 nunber of technigues utilizing the theory.
of turbulent diffusion are available.(].;)

The chofice of aircleaning equipment will depend on ths physical and
chemical form in which the berylliwm exists, the air temperature and
whether ar not corrosive co-contaminants are present, The choioe should
also be influenced by the required collsction efficiency. )

A well operated cloth bag type collector of the type aveilable from
a8 mmber of manufaciurers will provide collection efficiencies of over
99% and are satisfactory for many r%qougr‘%?b%}t{siyfzgimilar efficieﬁciss can
be achieved with & variety of fibre glass, cellulose, and other fibrcus
wedia which are commercielly amilable in the form of replaceable mats. How=
over, they are only practical for light dust loadings. BElectrostatic
precipitators of the Cotirsl type are expensive in comperison with cloth or
the glass filters and offer no appreciable adventages for the relatively
low capacities required in ventilating a beryllium processing operation,

It is sometimes desirable to preceds any of the above type dust
collectors with a centrifugal seperator {such as Cyclone) in order to
remove coarse material, thereby minimizing the load on the high efficiency
separator, For cleaning air containing miéts, a variety of types of equip-
ment ars available, Here in particular the question of corrosion is fre~
quently an impartant factor in determining & choice of equipment, FPacked
towers, Venturi scrubbers and other types of wet collectors have been used

successfully, The choice of balancing the cost of the equipment against
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 the expected performence ia frequently a diffioult problem, particularly

000Z34h

since the latter is often wpredictable, For this reason, it is desirable
to seek expar{: guidence in the selection of equipment and to antioipate
the need for careful perfarmance tests and possible alterations %o the
system after ths initiel installation is made.

Some General Hypienic Precautions

Iaundryt As disoussed previously, the toxieity of beryllium is

such that et least one woll documented case is known where the only contact

: DOE ARCHIVES
with beryllium was in the washing of work garments. It is therefore do=—

girable to provide "on site™ laundry facilities if at all possible, Where

only a few employees are in'}olved, home type laundry equipment is sufficiente

Speoial Problems in Maintenmance Procedures

The most diffioult operations to combrol are those having to
do with plant and lsboretory maintemance. Innumerable opportunities far
exposwre oxist when beryllium contaminated equipment is being dismantled
or repaireds Im a plant where all routine work is well controlled it is
possible for an individual with & welding torch to produce & lethal ex=
poswre in a few minutes, It is desirable that all maintenance work be
carafully supervised by an individuwal who is conversant with the hagzards
of beryllium poisoning and can competently immrovise protective procedwres
to suit the needs of the job. A

Respiratarss A good principle 13 that respirators should not
be prescribed for a routine operation but rather for an ununsual short tern

exposurs where positive methods of dust countrol are unfeasible for mechani-

eal or economic resasons,
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Where the concentrationa of a toxic substance are so high that brief
exposure may be lethal, even an 2ir suppllied respirator should be avoided,
At least one fatality from acube beryllium poisoning is kncwn to have
ocourred iher'e en individual working in a cloud oE beryllium chloride had
%o remove his respirator because the air supply lines became fouled., As
an emergency device, for use where acute beryllium poisoning is a possibility,
a self-contained breathing apmaratus shoEI%Eb%RuEEdIYE?n this equipment, &n
air supply for a limited period is assured from either a tank of Oxygen
carried by the wearer or by re-ci}-culation and chemical treatment of the ’
expired breath,

Por less hazardous exposures a variety of respiratory protection is
availables Referring to Table I it will be noted that the opsration of
“romoving the semple from & compect® involves (& brief 1/2 minute} exposure

to 75 micrograms per cubic meter. For exposure of this kind a toxic dust

respirator would be satisfactory.

A

: SUMMARY

Beryllium is a highly toxic material capable of producing a variety of
diseases in humans. Acute pneumonitis and beryllicsis are the principal
effects which mist be guarded against.

The principal metheods of control are those which limit the concentration
of beryllium in air to safe levels, Maximmm permissible concentirations for
prevention of acute disease and berylliosis have been tentatively recommended
by the U. S. Atomic Energy Commission to its contractors amd to date have

been successful in the control of these lung diseases,
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