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L HEALTH HAZARDS FROM DERYLLIUM” 203401
ST, ; Merril Eisenbud®*

The chemical toxicity of the beryllium ion exceeds that of any
material ever used in industry but, as is true forbg&fndustrial
hazarcﬁ, the risk in the handling and processing of this metal and its
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 occupational diseases. However, evidence for the
toxicity of beryllium accumulated during the past decade 1is overwhel=ing

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

b ‘ dengerous have been amply satisfied.

: .

::'J h The earliest reports of disease among beryllium workers came from
f.g abir¢ad (1) in a series of contributions from investigators who identified
%;é ;f whaﬁ‘ we now recognize as acute beryllium poisoning. However, the role
:gé § of béeryllium in these early cases was not understood and the acute disezZe,
:"}2 ‘8 9 | L’WthL is a type of chemical pneumonia, was erroneously relzted to the
el Al Yole ,

:'2 LS( \’;Izpris nce of fluorides and oxyfluorides which were co-contzzinants of

&4 g; “‘%\ th._ v‘yorkmom atmospheres in which the European cases occurred.

- ;%; ‘f:.- '.% -‘The first known cases in this country were reported in 1943 (2).
LI = Sl hear

steries of these cases and of others which have been reported in

more recent years have been amply reviewed in prior publications (3)(L)

*To be presented at a meseting of the Amesricazn Society for ¥etals, Boston, -
¥arch, 195k

*¥Director, Health and Safety Laboratory, United States Atomic Energy
Cor—ission, New York Operations Office ’
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- == ---and will not be discussed in detail here. From these reports, however,
L has emerged general agreement among investigators that beryllium is

capable of producing a variety of toxic manifestations in humanst
' DO

a. Acute irritation of the mspgﬁzg}gz‘é%?, including

chemical pneﬁmonitia (which we will refer to as the

"acute disease®). -

’ b. A chronic disease "berylliosis® 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 the ability to produce an acupe
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 feow 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, soms cases have been reportedifrom the fluores;ent lamp industry
and froz= 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 report that no persons

incluvded in their survey developed chronic berylliosis (L).
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oz ani *--Acute pneumonitis has been produced by inhalation of beryllium metal,

berylliun oxide, sulphate, fluoride, the lvd.roxide and the chloride (5).
I'kperience with other beryllium splta is lacking but it may be assumed
that all aoluble berylliu.m compounda are capable of producing acute .
disease, Two cases of acute pneémniiia%?v%%%g Hl&ﬁm‘ted (6) from
the flucrescent lamp industry where it appears that the exposures in-
volved beryllium oxide in the preparation of the‘ phosphor rather than
the phosphor itself, Beryl ore and the various beryllium containing
phosphors and copper alloys have not produced acute disea;ae,‘ although
detailed field atuites.have béen made only for ore.

© The toxicity of beryllium oxide is varisble, & finding that was
first mzde in field studies (S). Under certain conditions concentrations
of beryllium oxide as high as 30 milligrems per cubic meter were associzted
with no acute cases among exposed employees, whereas in another plant,
h milligrams per cubie ma'vter was productivev of a very high incidence of
acute 'd_‘.seaee with a hiéﬁ fatelity rate, Purther study disclesed that
the toxicity of beryllium oxide, like ita chemical reactivity, is
markedly influenced by the calcining temperaturs. Oxides produced zbove
ammteh 2800° F‘posseu relatively low specific surface area and
apparently do not ;;ossess acute toxicity. This has been confirmed by
laboratcry experiment which showed that animé.ls developed acute beryllicm
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 beryliium oxide particles formed in the oxidation

process increases with calcining temperature. Agglomeration of the very .

small particles formed by firing at low temperatures may produce particulzte:
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== - - whose dizensions 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 aécidental exposures to
beryllium, In this respéct, the acute toxicity of the beryllium compounds
is again similar to the irritant gases like nitrous fumés and phésgene

DOE ARCHIVES
which also have the ability to produce pulmonary edema following brief
but excessive exposure. In one episode fér 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
LOO to 650 micrograms of beryllium ﬁer cubic meter pof air. The total
zmunt of beryllium inhaled by the affected individuals could not have
greatly exceeded 50 micrograms. Compared with the dose of other irritants
fequired to produce equivalent pulmnary injury, this is an exceedingly
smpall amcunt. To prbduﬁe 1n3ury -'by phosgene in a comparable period of
time one would have to inhale approximately 50 milligrams}

Stucdies of the occurreﬁce of acute disease in beryllium production
‘plants revealed that all cases could be associated with concentrations
of solublie beryllium compoﬁnds in excess of 100 micrograms per cubic
reter, Wnaen the concentrations exceeded 1 milligram-per cubic meter ,

cases were persistently produced among almost all personnel.

Bervllicsis
It -as been shown that the levels of beryllium exposure capable of

rroducing acute disease are of a low order in comparison with the doses

of other chemical irritants which produce acute pneumonitis. The dose
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e '_,_.whlch r=y produce berylliosis, chronic beryllium poisoning, is of yet a

lomer order.

There is now essential unanimity within the medical' profession that
beryl]i:l.c sis is a distinct disease distinguishable from other lung diseases
by a unique complex of clinical roenlt)ggzﬁgzggh}:}cl:‘,/?istologic ‘and bio-
chemical characteristics. Although much has been leamed sbout this
disezse, the causative factors and the mechanisms by which injury is
produced remain obscure. A number of str:‘gking features chrac%.erize the
disease, Severe cases ha}re been known to develop from exposures which
would be considered incqnsequential if we wert; -dealing with even the most
virvlent of other toxic chemicals., For example, a concentration of lead
of 150': —icrograms per cubic meter is considered a safe exposure to lead,
but chrcnic beryllium pqisoning has been caused by concentrations of
only a few micrograms per cubic meter, Because of the marked difference
in atemic weights , it may be unfair to compare the toxicity of beryllium
with thzt of a heavy metal such as lesad, On a molai' basis approximately
six micrograms of beryllium are equivélent to 150 micrograms of lead,
Wnen ;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 bery>zliosis among residents in the vicinity of at. least two plants in
which beryllium wa‘s processed, Although instances of acute intoxication
in the wicinity of industrial plants are known and are illustrated by
such incidents as the one which occurred in the smog at Donora, Pennsylvanisz.

the occzrrence of berylliosis is apparently unique among the chronic diseases
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Despite the enormous tohnages of lead, arsenic and mercury processed
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©in industry, ard in spite of the marked capacity of these metals to

produce disease among workers, there are no known cases of comrmnity

DOE ARCHIVES

| in’oo:d.cation attri'butable to air pollution from these sources, -

0001962

In one connmnity a total of 16 cases ipcluding five fatalities has
been reported., These cases occurred uthin 3/L4 of a mile from a plant
producing beryllium compounds from thc; ore (8). -None of these individuals
had a history of occupational exposure to beryilium and their only ex-
posure was therefore to the contaminated atmosphere surrounding the
plant. When .these cases were reported, an effort was made to estimate
the concentration of beryllium to which i)eople-Were exposed 3/L of a
mile from the plant. This concentration was important because the
absence of cases beyond 3/L wile suggested that the concentration at
this distance could be used as the maximum permissible concentration
for contimous (168 hours per week) exposurs to beryllium,

Alr analysis in the vicinity of this plant during a period of
normal operation indicated that the 3/L mile concentration was certzinly
less than 1 microgram per cubic tgeter of air and probably ranged between
+01 and .1 microgram per cubic ma'ter of air. - - . -

One ordinarily expects that the incidence of disease will vary
directly with the dose administe‘z:ed. The dose-response curve for a
toxic metal is usually a sigmoid in which no injury ;S observed below _
the minirum toxic dose. As one increases the dose, the frequency of
injury iccreases until it reaches 100% of the exposed population. Althorgh
corplete data are lacking, there is e\}idence 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 neighborhood
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— ====----cgses described above, the usual dose-response relationships existed.

Individuale living closer to the plant were 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 indigi(c)iga‘i‘sR SI%“vCE%(ed in this
beryllium plant developed éhronic disease. |

Within the first quarter of a mile of the piant, where the concen-
trations of 'tJeryllium were on the order of 1 microgram per cubic meter,
the incidence of berylljosis was approximately 1%. Within the plant,
however, employees were exposed to concentrations as much as a thousand
times greater but only 9 cases of beryllios:Ls 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 conceatraticas
ieye higher by possibly tﬁree orders of magnitude. Another puzzling
feature of the in—p]_:é.nt caseé is that the nine individuals who developed
berylliosis were employed only for relatively brief periods, i.e., less
than I months. One ordinarily expects to find chronic occupational diszases
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 11 years after

cessation of exposure,
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- - The small amunts of beryllium which are capable of producing
disease are reflected in the exceedingly minute deposits of beryllium

in affected tissues. In some fatal cases less than .1 microgram of

-béryllium was found to be present in a whole lung (4), Moreover, there

sppears to be no relationship between the degree o.f patholog and the
amount of beryllium foundDigE‘:b}}x\eR‘t(,:i!géXeras at autopay.

The unusual characteristics of this disease have led some investiga~
tors to zbandon the hypothesis that berylliosis is a simple chemical
intoxication and seek an expianation for the disease in the theory that -
a sensitizing reaction is involved (3). With this hypothesis,it is
possible to explain many of the pecuiiarities of this disease,

One can demonstra{;e quite 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 cocmpound most used industrially, It is the only compoumi of
berylliux 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 const:.t ient

of the ftme, There are, however, two important industries, beryllium
ex;cracticn and fluorescent larp marmfacturing, in which beryllium corpounds
other than the oxide are widely used. The spotty occurrence of berylliosis
in these industries may possibly be explained by the hypothesis that --
berylliu= oxide is the causative agent of this disease.

In the beryllium extraction plants, the principal exposures are to
the dust and mist of beryl, beryllium sulfate and beryllium fluvoride.

Gnly a s=all) minority of the employees are exposed to beryllium oxide.
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e =8 one plant for which data over a 17 year period are available, all

B e

=T _"fv of the known cases of berylliosis occurred in individuals who had been

exposed to beryliium oxide. ThlB is true i‘or the nine cases which have
r -

developed amng approximately 1700 employeea who have at one time or
another worked in this plant, A4s notad eazﬁf‘er, %}‘X as the plant near

which a number of residents developed berylliosis, presumably from

Vesw Semwsdiane aaie b

atmospheric contamination. It is noteworthy thaf the principal berylliu=
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 another berylli{xm production plant there have been no cases of
) berylliosis among aﬁproximately 200 individuais who have been emplcyed
during the 12 years thlS plant has been in operation, The complete
absence of cases is not surprising when one considers the frequency of
- disease in the larger oi" these two plants 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 1552,
during which time the beryllium oxide content was about 12%.(6)(9)
The ber7llium content of phosphors in subsequent use was restricted to
about 22, a change which wasstimulated by the wartime requirements far
beryllim=m. No cases have developed among employees who were hired

subseguent to early 1942 when the 2% beryllium oxide phosphors were adopted.

00019065
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- It has been shomn by X-ray diffraction studies (10) that the

solubility of beryllium oxide in the zinc silicate host lattice is

limited to 30 molar percent for phosphors having up to 1¥ manganese,

The éolﬁbility of beryllium oxide decr;ase; with increases in manganese

content. The limited soiubiiity of befylﬁgg é&geﬂ S.XEZS.an-beryllium -

manganese phosphors ia thus ;10 greater than' 6.8% and would be considerably

lower in the case of a phosphor containing ;magnes.ium or more than 1%

manganese, The presence of free beryllia is thus a distinct 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 bez'ylliosj;.s in tﬁe fiuorescent lamp industry

was produced by free beryllium oxide ﬁresent 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 mot produce the characteristic

lesion seen in beryllium workers., This experiment would seem to contradict

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

further studies of this type will tell.

00019b6b
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Another i1lustration of the unusual toxicity of beryllium is found

in the occurrence of berylliosis in individuala 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 lcnown to have produced
po:.som.ng in this way., During the 1nves%§ga‘€uon of this case, work
garments from the plant where her husband was employed were laundered

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

It was concluded on the basis of this study, that the laundering of
contaminated vrqu clothes results in the inhalation of about 17 micrograms
of beryllium., While this is a very meager expos;zre, it is certainly of
a magnitude of hygienic significance when compared to other data g:'.veh
above,

Skin ¥anifestations

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. >BeF2 when accideﬁtally implanted into an |
abrasion or laceration of the skin may produce an ulcer which will persist
until the beryllium is remved T

Fluorescent lamp phosphors and metallic beryllium, when implanted
accidentally into the skin, have been known to produce a benign tumor
at the site of the implant. The onset usually occurs from 2 to L months

after initial implantation frequently following apparent healing of the

.~

wound. The lesion will persist until the implant is removed. Pathologically,

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

00019067
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.As noted earlier, it has been reproduced experimentally in the pig.

Prevention of Beryllium Poisoning

The above inforination provides a background with which it is possible

to develop the basic procedures by which the various manifestations of -
. DOE ARCHIVES
beryllmm poisomng can be prevented The procedu_res adopted will, of

course, depend on the physical or chemical properties of specific beryllium

compounds or alloys, as well as the manner in whlch they are to be
handled, |

The skin reactions to beryllium are a lcw order hazard in comparison
with the danger of lung injury, and thls presentatn.on will therefore
not be concerned in detaﬂ with this problem, Dermatitls has been a
serious problem only where the acid salts of beryllium @articularly
BeFo and (NHb)zBeF)D‘are handled. The strict standards of personal
and process hygiene that are eecessazy to prevent lung injury to
beryllium compounds will tend to minimize the dermatitis problem except
in a small percentage of individuals in W}bm the sensitizing properties
of the soluble beryllium compounds may be evident. Employee education
and good medical supervision will prevent skin ulcers produced by im-
plantation of the soluble and insoluble 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, inhalstion of the beryllium
cormpounde in excessive amounts is the primary factor in the causation

of the disease, To produce injury the beryllium compound must be

inhaled in amounts which exceed an individuals tolerance for the sumbstance.

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

00019b8
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—=meemee—-cONtrO1 Of many other industrial diseases, the prevention of beryllium
diseases of the 1nng depends on the control of atmospheric contamination.

limits of Permissible Atmspheric Conta.mination

The U, S. Atomic Energy Comssion which has been the largest
user of beryllium compounds in recent. years has establzshed an advisory
committee whose principal function is to recommend the maximm permissible

DOE ARCHIVES
concentrations of atmospheric beryllium., Beginning in 1949 it has been
the policy of this comxﬁittee to recommend values which are automatically
revoked at the end of a 12-month period at wk.lich time the subject is
reevaluated in the light' of new informatién. -However, the Arecommended
values appear quite stable in view of the fac£ that there have been
no changes since the subject was first considered by the committee in
1949. The recommendations of the committee are:

1. The in-plant atmospheric concentration of beryllium should not
e.iceed 2 micrograms per cubic meter as an average concentration throughont
.an 8-hour day. |

2. Eventhough the daily average might be within the limits of
Recormend ation #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 neighborhocd of a plant handling beryllium compounds,
the averzge monthly concentration should not exceed 0,01 microgram per
cubic meter,

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

values are recommended. This is unicue in industrial hygiene practice
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As roted above, 2 microgrems per cubic meter is recommended 88 the

P R

SN R

7 paximum anily everage exposure, Thus, an individual could be exposed

to 4 microgr&m"s per oubic meter for four hows a day and, if he were not
exposed to beryllium for the remaining 4 hours, his average exposure for-
the 8 hour period would be 2 micrograms per cubic meter, which is per=-
DOE ARCHIVES

missible, Similarly, an individuel could properly be exposed for higher
amounts far correspondingly briefer periods. The'mximtm exposure should
not exceed 25 micrograms per cubic meter because higher concentrations even
for brief periods may produce acute disease., As notefl earlier, one epis@e
which inv_olve_ci 20 minutes exposure to about 500 micrograms per cubic meter
produced acute disease in three individuals,

It 35 possible that Recommendation #2 will eventually be waived for
certain Leryllium compounds. There is every indication that beryl is
not cepable of producing acute diseese, To an only slightly lesser extent
there is evidence that the hire fired grades of beryllium oxide are not
acute hazards, loreover, for those compounds which can produce acute
disease, it is quite likely that the hezardous concentrations will vary
from cc=round to campound. However, the evidence is not sufficiently con-
vincing to justify differentiating between beryllium compounds and for the

time beizz one should continue to apply this recommendation regardless of

the farrm in which the beryllium exists,
Reccmmendstion #3 that the ave‘rage goﬁthly concentration not excesd

«0l1 micrograms per cubic meter in the mneighborhood of a plant hendling

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

pollution was responsible for berylliosis among residents near & beryllium

producirs plant. This value probably has a safety factor of about 10,
. \
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- Methods of Air Analysis
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Air analysis for beryllium is the basic tool with which an exposure
otn be evalwmted, Careful sampling procedures will provide quantitative
exposure da’ca:, will identify the need for control procedures, and will .
assess the valus of };ygienio procedures already in effeoct, -

Air analysis far beryllium is performed by drawing a known volume of
eir through a suitable filter medium and then anﬁlyzing for beryllium by
eithér spoctrographic or fluort.yme’cric methods, |

A useful assembly for obtaining the air sample is shown in Figure 1.
(12) This unit conteins & compact motor Ploageé%?ﬂ%?? which draws ons'
cubic foot per minute through a 1-1/8® filter paper, Whatman {41 has
been found to provide good retention of the dusts, fumes and mists
cormonly encountered and has the advantage of being an ashless papere
Air flow through this device is comtrolled by & meedle valve and measured
by a rotemeter which is part of the assembly. If the concentration of
beryllium is so low as to require & larger sample, the apparatus shown
in Pigure 2 can be used. This unit is capeble of sampling at 20 ofm
through a 4° Whatmen 741 disc. Higher rates of flow oan be obtaimed by
using other sampling media,

| In general, air samples should be collected in the breathing zones
of individuals performing potentially dusty occupations and in the gensral
warkroomr areas, These ocan be comp>o-si'bed to yvield a‘measure of the general
level of contamimation, Careful air analysis will not only reveal the
troublesome operetions, which ere sometimes not visibly dusty, but will

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

{1lustrates the method by which one can estimate the daily average
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TABLE I

Yethod of Estimting Average Daily Exposure
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ELb1000

"~ Jobs Sintering Furnace Operatar

Overati : Time Time Concen~- Avg. Cecn
_.pez;; ca “Per ro, Per Yo.of tratign(C) Tires
. ra, Per  Shift(T) Samp- p . Total-T

.. Operating Area (Min)  Shirt  (¥in) = les  (Aversge)  (TXC)
*Placing Coxpact in " .

Furnace ) 6 1/5 2 4 5.3 10
*Dislodging Craphite D'()E ARCHIVES

Blocks o © 80 1/3 30 3 1.5 45-
#Removing Co—paot &

Transferring to De- _

contamiretion Room 6 1/3 2 2 3.4 6.8 -
*Tearing Dow= Compact 9 1/3 3 3 15 45
‘.Va.cuxminé & Tashing

Compact, Removing Com=

pect from Tecontamina-

tion Room So Cooling

Room - 8.5 1/3 2.8 4 15 42
sLoading Blerder 40 1/2 20 8 11,7 234
*Placing Blexder on

Roller & Clsaning ‘

Hood . . 6 1/2 3 3 20 60
*Loading Corpact — 166 1/2 83 4 5.4 250
*Taking Sample from

Compact R 67  1/2 3 3 75 22
*loveling Co=pact &

Flacing Cover on. 13 1/ 6.5 5 1.5 9.8
*Putting Plu—ger in

Horizontal Sintering— -

Furnace Die - 9 1/3 3 1 11 33

G4 Sinterinz Purnace

Aren 284.4 3 0.3 . 85,3
GA Lunch Roam 40 4 1.5 60
GA Locker Room 28 6 0,9 25.2

3T = 508 - T (T x C) = 1090

Tx C)

AR

= 2,1 pgm Bo/i° (Average Exposure)

* These se——les collected in breathing zone of operator.
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exposwe to an individual, This requires & careful time study of the in-

~"7 7 7 dividwls work habits and is useful in oharacterizing the exposure assosi-
ated with many repetitive operations involving toxic substances,

Msthods of Chemical Amlyais

. & pumber of satisfactory speotrographis, 'fluor?;ne‘brio, and color- _
ﬁ:netric = ocedures for the detemimtior; of mioro-_-qu;ntitias of beryllium
héve been published.(13)(14)(15) It is importanmt to note that these air
samples frequently involve as little as 1078 grams of beryllium and that
scrupulous care is therefore necessary to avoid conta.mination of the

samples either in collection or amalysis. Because of this inherent dif-
ficulty, many laboratories associa;hed with t&oc%ém%gﬂl%’xgsmtallmgical
processing of beryllium are unable to 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

S wndertaken sn air enalysis program.

Desizn of Werking Facilities

The specific precautions which should be observed when beryllium
is handled will depend on the type of work contemplated, There are
labaratory operations in which gram amounts of beryllium compounds can
be safely handled in & well operated amd properly designed chemical hoode.
On the other hand, other laboratory_p'ooedx_zres i_nvol'ging—:'less than & granm
of beryllium may require elaborate precautions if the work is suoh that
the dispersion of beryllium as a dust, mist or fume may occur. 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 founding of the mé.ster alloy or in in-

dustrial scale operations involving the extraction and refining of beryllim.
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The area in which & beryllium exposure exists frequently can be limited

e mmm o = — e . e -

=== =~ by physical separation of the work, One or two employees fabricating

B beryllia cruci‘bles oan contemimte the workroom air breathed by others
who are not direotly concerned with their work, Here, as in many other.
examples which could be oited, is the opportunity to reduce the“extent of
the exposure by providing a separate room in which this operation oan be
performeds '

Beryll:lun, like other toxisc materials should be handled in & work
enviromment which is conducive to good general housekeeping. There 1is
much to be said for the advantages of a well illuminated, freshly pain’ced
neatly arranged workroom. Clean working practices can be more effectively
encouraged when one starts with a workroam that is of itself properly
designed. '

, Vacuum cleaning of floars and other swrfaces is an important part of

) = -a program to control dust exposure. In just a few mnu‘bes, dry sweeping

T oen produce dangerous eXposures OEaAgvng“o,tIr‘:n?-w}'wre the beryllium is othsr-
wise safely handled, Wet swoeping is less dusty but in praotice is diffi-~
cult to supervise. Vacuum cleaning provides a thoroughly satisfactory
méthod of removing accumulations of dust but certain precautions should
be observed.

The type of vacuum equipment will vary from & household vacuum clearer
which may be adequate for a small —l.a‘boratdry toa oe;rhral heavy duty syste=
that costs tens of thousands of dollars and services relatively large in-
dustrial areas. In some cases the method of choice will be intermediate

and involve & portable industrial type vacuum cleaner, It is important,

regardless of the kind of unit which is adopted, that the wvacuum cleansr
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be discherged to outside air. This is not only to safeguard against sudden

e [

< -~ tears in the filter medium but also recognizes the faot that even under the
best of operating co'nditions the discharge air, although relatively olean,
‘may be he.zard;us for breathing purposess In the small laboratory, it.is. :
po-ssible to pass ?Ehe discharge air through & flexible hose term.imting rin

2 laboratory hoode It is important eventhough th?g.EscgrcgﬁnX%ﬁ 'l:he~ ;
vacuua system passes .to outside air, that‘ appropriate consideration be given
the possibility of atmospheric pollution exterior to the plant, This may

or may not be a problem depending oﬁ the amount of 'ber‘yl‘lium being discharged
and the subject will be discussed in more detail later, |

Ventilation of Beryllium Processing

Well designsd local exhaust ventilation is fregquently the most e§sentia1
part of & program to minimize the hazard from beryllium, Local exhaust
ventilation provides 2 method of capturing an aerosol (dust fume or mist)
es close as possible to its source of dispersion, and conveying the con=- .
taminent through a system of ducts to outdoor air, Where necessary, msans
nust be provided for removing the cmtamimant in en aircleaning device
priar to outdoor discharge of the air,

Figi—e 1 illustrates the design of a ventilated enclosure which perzits

t

rmanipulation of moderate amounts of toxic materials,

A nmmber of prinéiples are illustrated by this simple enclosure. The
air supply required for ver:rt:il::d:ion~ -is minimized by r‘educing the access
area in front of the hoode In order to control dust dispsrsed within this
enclosure, ventilation at & rate of 150 to 200 cubic feet per minute per

squre foot of hood opening is reguired., Minimizing the access area in-

proves the perforrance of the hood by reducing the effects of cross drafts
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and the volume of eir required for ventilation, Therefore the cost of the

L.

~" Jentilation system.is redued in proportion to a reduction in the area of

the hood opening, Good visibility is provided by large windows and in-
stglhtion of?illmiz;ation within.‘bhe enolosuré. .Tha'htter is partiéularly
important as it encourages the proper use of such .a hood.. o

Figures2 and 3 illustrate the manner of ventilating 1:1 lathe in which
metallic beryllium is machimede In both methods a high velocity (2000 to
3000 Pt. per minute) exhaust orifice at the end of a 2" flexible hole 1s
nounted on the tool post., In this way most of the dus‘i: formed at the poi.n’c.
of operation is properly controlled, Dust which éscapes the influence of
this high welocity exhaust nozzle 1is cap?u?‘EdA}?ycg.{ I:z‘gcj:t?nd;ry hood of which
2 types are shown, UNote that in Figure 3 ventilation economy is achieved
by providing plastic shields which reduce the volume of air required for
effective ventilation.

A method of ventilating a rotary kiln is shown in Figure 4, Annular
enclosures at both ends of the kiln provide control over dusts and fumes
which would otherwise be dispersed into the workroam air during normal |
operation, The ventilation hood at the discharge end of the ¥iln is in=-
tegral with t'he discharge shoo? for which ventilation is to be provided.

The field of local exhaust ventilation is a place in which it is
advisable to obtain expert design advice. 411 too often a system feils
completely or is over~designed. The latter very fre;uently involves um-
necessary equipment and installation costss Of equal dimpartance but not --
often appreciated is the excessive cost of heat which must be supplied to
mke up 2ir in a ventilated area in the winter time, The operatiom jillus—
trated in Figure 1 is propsrly exhausted with & flow 300 cubic feet per
minute, By other methods which provide less satisfactory protection, from

1000 to 2000 cubic feet per minute might be reguired.
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Air Cleening Equipment _
e ;g%;:.:n',"”"'.—’r"f" The ooourremoe of berylliosis emong residents in the vicinity of plarcts

using berylli’un has emphasized the need to guard against excessive comm=

- tgmimtidn of gaseous discharges _fromr plants and 'la’bératories using be_rylli-
wm. Of perhaps equal impartance is the danger of oontamim?ewc_l'air. being
recirculated back inte the workrooms. This oan be oaused -'by domn drafts
carrying \i;"b‘ually ndiluted discharge into open windows, or by poor plan-
ning which places the imtal® of air supply systems in proximity to the dis_-
charge from the process ventilatiomn system. '

Although the problem of air pollution under soms conditions iis a very
real oms when beryliium is being hamBg)dE,: Aj‘,gcéglgy Sbe emphasized that ey
befyllium operations oan be ventilated without the need for aircleaning
systems, If the beryllium is being discharged in amounts mot exceeding
a few grams per day, it is likely that no requirement for air cleaning
exists tmless the point of discharge is poarly located, The ventllation

’ systez should preferably discharge at a point well abowve the roof level.
The maximun concentration at street level will occiur at approximately
10 to 15 stack heights from the point of disch&rgé and the mrgnitude of
this concentration will decrease with the square of the stack heighte

Same idea ‘of the quantitative relationships involved in the dilution

of stack effluents can be obtained from measurements in the vioinity of

-

ons pla=t where ocareful studies were ma.de; This plant was discharging
approxi-mately 5 1lbs, 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, Under similer-

conditions therefore, it would be possible to discharge one quarter
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pound of beryllium per day without exceeding the maximum permissible cor-

ok Y

[ S S

“oentration for outdoor air, As a guide to estimmting the order of magni-

tude of the concentrations to be expeoted in the vicinity of offluwents
oontaining to;do materials & number of technigues utiliring the theory
o:[; turbulent diffusion are available.(lg)

The cholce of aircleaning equipment will depend on ths. ;phy:;ical énd
chemical form in which the beryllium exists, the air temperature and
whether ar not corrosive co-contaminants are present, The choice should
also be influenced by the required collection efficiency.

A woll operated cloth bag type collector of the type available from
& number of manufacturers will provide collection'efficiencies of over
99% and are satisfactory for many 39&%&%@§Y§m1ar efficiencies cen
be achieved with & variety of fidbre glass, cellulose, and other fibrcus
media which are commercially gailable in the form of replaceable matse Ecow-
ever, they are only practical for light dust loadings, Electrostatic
precipitators of the Cottrel type are expensive in comparison with cloth c=
the glass filters and offer no appreciable advantages for the relatively
low capacities required in ven;bilating a beryllium processing operation,

It is sometimes desirable to precede any of the abovev’cype dust
collectors with a centrifugal semrator (such as Cyclons) in order to
remove coarse material, thereby minimizing the load on the high efficiency
semarator, For cleaning air contai;ning mi.lsts, a variety of types of eguip=-
ment are avajilable, Here in particular the qusestion of corrosion. is fre-
quently an impartant factor in determining & choice of equipment, Pecke2
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 performance is frequently a diffiocult problen, particularly

ce a1

"=~ since the latter is often unprediotable. For this reason, it is desirable

to seek exper‘b guidance in the selection of equipmexrt and to anticipate
the noed for oareful performance tests and possible alterations to the -
system after the initial instellation is made,

Some General Hygienio Precautions

famndrzc As disocussed previously, the 'tco:icity of berylliwum is

such that at least one well documsnted case is known where the only contact

DOE ARCHIVES
with beryllium was in the washlng of wark garments, It is therefore de-

A
;
L)
i
)
4
b
3
‘
i
.

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

only a few employees are 1nvolved home type laundry equipment is sufflc:.e-...

Special Problems in Maintenanoe Procedures

The most difficult operations to comtrol are those having to
do with plant and laboratory meintemmnce. Innmumereble opportunities for
exposwre exist when beryllium contaminated equipment is being dismantled
or repeireds In & plant where all routine work is well controlled it is
possible for an individual with & welding torch to produce a lethal ex=-
posure in a few minutes. It is desirable that all maintenance work be
carefully supsrvised by an individuwml who is conversant with the hazards
of beryllium poisoning and can competently improvise protective procedirss
to suit the needs of the jobe R

Respiratarss A good pr'iz-miple 15 that respirators should not
be prescribed for a routine opsration but rather for 2n unuswal short terz

exposure where positive methods of dust control are unfeasible for mecha=:I-

cal or economic reasonse.
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There the concentrations of 2 toxic substance are so high that brief

— - —— . - -

‘i‘%—:_;;‘,é._:.?“ = ..f_".'.,"""é'xposﬁreﬂx;y be lethal, even an air supplied respirator should be avoided.
‘:-m,"’w - At lsast oms fatality from acute beryllium poisoning is knowm to have
occurred wher-e an individwl working in e cloud of beryllium chloride had
R > p
s - to remove his respirator beceuse the air supply linss became _f_qgl'od. As

an emergency device, for use where acute 'befyllium poisoning 45 a possibility,

) ' DOE ARCHIVES
o a self-comtained breathing apparatus should be used, In this equipment, an

air supply for a limited period is assured from-either a tank of.Orygen

carried by the wearer or by re-circulation l;nd chemical treatment of the .
expired breath.

For less hazaraoﬁs 6xposures & variety of respiratory protection 1s
available. Referring to Table I it will be noted that the operation of
®removing the sample from a compact™ involves (a brief 1/2 minute) exposure
to 75 micrograms per cubic mesters. For exposure of this kind a toxic dust

. respirator would be satisfactory. -

\

N il SUMAARY

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

The principal methods of control are those which limit the concentration
of beryliium in air to §afc levels,” Maximm permissible concentrations for
prevention of acute disease and berylliosis have béen 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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