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The chemical toxicity of the beryllium ion exceeds that of any
naterial ever used in industry but, as is true for.g‘fndustrial
hazarcﬁ, the risk in the handling and processing of this metal and its
compounds can be eliminated if proper precautions a.re taken.

. It was with much reluctance that many toxicelogists 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 accurmulated during the past decade is ovaerwhelxing

and the criteria by which a Substaﬁc:e can be lzbeled as potentially

£ I dengercus have been amply sztisfied.
E; The earliesi reports of disesse among beryllium workers came from
£ ;
2 :
z -
=

réad (1) in a series of contributions from investigators who identified

l

atfI we Low recognize as acute bteryllium poisoning. However, the role

.
=
= I :
::5, = btryllium in these early cases was not understood and the zcute disesZe,
= =
=< 8 u:1 is a type of chemical pneumonia, was erroneously relsted to the
-,
i .\’Fpr S\ance of fluorides and oxyfluorides which were co-contzminants of
—y
&1 <
e (232_ % ) Torkroom atmospheres in which the Buropean cases occurred.
Ox = .
r‘l B 4 = —\Tbe first known cases in this country were reported in 1943 (2).
- P -: r
: : —— 1

————The Ristcries of these cases and of others which have been reported in

more recent years have been amply reviewed in prior publications (3)(4)

¥To be prasented at a meeting of the American Society for Metals, Boston, -
¥arch, 195h

#Director, Health and Safety Laboratory, United States Atomic Energy
Com=ission, New York Operations Office . '
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- == -z- and will not be discussed in detail here. From these reports, however,

has emerged geperalvagreémant among investigators that beryllium 1is

capable of producing a variety of toxic manifestations in humanst
' DO
8. Acute irritation of the :espﬁgé%§¥§ I;Q%?, including

chemical pnaﬁmonitis {which we will refer to as the

%acute diséasé").

{ b. A chronic disease "berylliosis® in which lung
involvement is the principal feature but in which

thare are also a number of systemic manifestations.

c. A variety of skin reactions including dermatitis,

ulcers and benign tumeors,

The Acute Disease

Certain beryllium compounds have the ability to produce an acute
chemical pneumonitis which is similar in form to that experienced from
exposure Lo phosgene, nitrous fumes and cadmium oxide. The disease runs
its course in 8 few weeks and unless death occurs during this period
complete recovery may be expected. A large majority of the hundred or-
s0 czses that have been reported (including about 15 deaths) occurred
in the plants in which beryliium compounds are extracted from ore. HKow-
ever, soms cas5es have been repcrtedhfrom the fluores;ent lamp industry
and froz laborztories engaged in beryllium metallurgy. In the largest
published series of cases, L7 survivors of the acute disease were followed
for as lﬁng 28 12 years and the investigators report that no persons

included in their survey developed chronic berylliosis (L).
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-2 - Acute pneumonitis has been produced by inhalation of beryllium metal,

beryllium oxide, sulphate, fluoride, the hydroxide and the chloride (5},
E:peri'ema with other béryl_].ium sp_lta ie l-ackin,g but it may be assumed
that all eoluble bary‘llium compounds are capable of producing acute
diseass, Two cases of acute pneﬁmniéia?a?ga%%sn!ig&:ﬂed (6) from
the flucreacent lamp industry where it appears that the exposures in-
volved beryllium oxide in the preparation of tha. phosphor rather than
the phosrhor itself, Beryl ore and thes various berylliurm containing
phoephors and copper alloys have not produced acute disea;se,' although
detailed field studias.. have béan made only for ora.

" The toxicity of beryllium oxide is variable, s finding that was
first mede in field studies (5), Under certain conditions concentrations
of beryllium oxide as high as 30 milligrams per cubic meter were agsocizted
with no acute cases among exposed .emloyeea, whereas in another plant,

L mil]:igrams per cuble ma..ter waE productiva' of a very high incidence cf
acute dsease with » high fatality rate. Further study disclosed that
the toxicity of beryllium oxide, like ita chemical reactivity, is
markedly influenced by the caleining temperaturs. Oxides produced sbove
approxi:-:.ately 2800° F possess relatively low specific surface area and
apparently do not 1;035353 acute toxicity. This has been confirmed by
laboratcry experiment which showed that ani:ﬁals developed acute beryllinm
poisoning when exposed to the low fired oxide but wers sble 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 .

spall particles formed by firing at low texmperatures may produce particulzte
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high fired oxide, Howsver, these agglomerates will have a higher specific
surface area and will be mwre reactive.

Acute pneumonitis has occurred from single aéci._dental exposures to -
beryllium, In this respéct, the acute toxicity of t;he beryllium compounds
is agein similar to the irritant gases like nitrous fumés and phosgene

DOE ARCHIVES
nhich also have the ability to produce pulmonary edema following brief
tut excessive exposure. In one episcde .f.‘ér which detailed air analysis
are available (5), a 20 minute exposure to beryllium fluoride produced
acute disease in three individuale. The exposure which followed the
sudden accidental release of beryllium fluoride was in the range of
LOC to 650 micrograms of beryllium f:er cubic meter pof air. The total
zmount 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 pmlmonary injury, this is an exceedingly
small amcunt., To prbduc;.e mury -by phosgene in a comparable period of
time one would have to inhale approximately 50 milligrams)

Studies of the occurréﬁce of acute disease in beryllium production
'plants revealed that all cases could be associated with concentrations
of sclublie beryllium compoﬁnds in excess of 100 micrograms per cubic
zeter. When the concentrations exceeded 1 milligram per cubic meter ,
cases were persistently preduced smong almost all personnel.

Beryllicsis

It :as been shown that the levels of beryllium exposure capable of

rroducing scute disease are of s low order in comparison with the doses‘

of other chemical irritants which produce acute pneumonitis. The dose

00614960
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...¥hich mzy produce berylliosis, chronic beryllum poisoning, is of yet a

lomer order.

There is now essential unanimity within the medical- professicn that
be:rylﬁc 5is is a distinct disease distinguishable from other lung diseases
by a unique complex of clinical roen?g(ggogzgghlﬂy%siswlogic ‘and bio-
chemical cheracteristics. Although much has been learned sbout this
disesse, the causative factors and the mechanismé by which injury is
produced remzin obscure. A number of strild.ng features chract.:erize the
disease. OSevere cases ha:re been known to develop from exposures which
would be considered incqnseguential if we weré“dealing with even the most -
virvlent of other toxic chemicals, For example, a concentration of lead
of 150:. ricrograms per cubic meter is considered a safe exposure to lead,
but chrenic beryllinm pqisoning 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 thzt of a heavy metal such as lsad., On a molar basis approximately

six micrograms of beryllium are equivélent to 150 micrograms of lead,
Wnen c;o:sidered in this way, the toxicity of beryllium is less striking
althougk it remains somewhat higher thé.n_lead.
The extracrdinary toxicity of beryllium is en;ohasizedxby the cccurrence

{ beryiliosis among residents in the vicinity of at. least iwo plants in
which beryllium wés processed, Although instances of acute intoxication

in the —icipity of industrial plants are known and are illustrated by

such incidents as the one which occurred in the smog at Donora, Pennsylvaniz.

the occmrrence of berylliosis is apparently unique amcng the chronic disease=.



- ~ (
-6 -

Despit.a the enormus t.ohnages of lead, arsenic and mercury processed

".‘Ln industry, and in spite of the marked capacity of these metels 1o

produce disease among workers, there are no known casses of commnity

DOE ARCHIVES

intoxication attributabla to air p011ut.ion from these sources. -

0001962

In one co:rmunity a total of 16 cases ipcluding five i‘at.alities has
been reported. These cases occurred within 3/ of a mile from a plant
producing beryllium compounds from thc; ore (8). -MNone of these individuals
had a history of occupational exposure to beryilium and their only ex-
posure was therefore to the contaminated atmosphere surrcunding the
plant. When these cases were reported, an effort was made to estimate
the concentration of beryllium te which people were exposed 3/L4 of a
mile from the plant., This concentration was important because the
absence of cases beyond 3/l mile suggested that the concentration at
this distance could be used as the maximum permissible concentration
for contirmous (168 hours per week) exposurs to beryllium,

AMr analysis in the vicinity of this plant during a peried of
normal operation indicated that the 3/L mile concentration was certeinly
less than 1 microgram per cubic n:?eter of air and probably ranged tetwesn
.01 and .1 microgram per cubic me.tsr of air, . - . -

One ordinsrily expects that the incidence of disease will vary
directly with the dose administewx:ed. The dose-response curve for a
toxic metal is usually e sigmoid in which no injury is observed below _
the miniram toxic dose, As one increases the dose, the frequency of
injury iccreases until it reaches 100% of the exposed population. Although
complete data are lacking, there is exlridence 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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==—~-ggses described above, the usual dose-response relationships existed.

Individuale living closer to the plant were exposed to higher con-
centrationa than thoae living at greater distances and it was closest
to the plant that the greatest frequency of cases occurred, However, -
it is startling that relativaly few indi?n%a‘l\é{ sigolgﬁed in this
beryllium plant developed chrornic disease. |

Within the first quarter of a mile of the piant, where the concen-
trations of b‘eryllium were on the order of 1 microgram per cubic meter,
the incidence of berylliosis was approximétely 1¥. Within the plant,
however, employees were exposed to concentrations as Imuch as a thousand
times greater but only 9 ca;.ses of seryllidsis have developed in 15 years
among the 1700 people who were at one time or another employed. This
incidence of sapproximately .5% is lower than the incidence among the first
quarter of a mile residents désPite the fact that the inplant concenatiraticns
;ua?e higher by possibly tfu-ee orders of magnitude. Apother puzzling
feature of the inﬂpiént caseé is that the nine individuals who developed
berylliosis were employed only for relatively brief periods, i.e., less
than § months. One ordinarily expects to find chronic occupational dr* ssg
amng those whose histories indicate the longest exposure. The reverse
seems true in this plant.

Berylliogis is peculisr in that individuals may develop the diseasze
after very long latent periods. Cases have occurred up to 11 years after

cessetion of exposure.

U00i9b3
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i - The small amounts of beryllium which are capable of producing
= o disease are reflected in t}Im\ exceedingly minute deposits of befyllium
in affected tissues. In some fatal cases le.ss than .1 microgram of
_ ‘béryllium was found to be pmaent in a whole lung (L), Moreover, there‘

; eppears to be no relationship between the degree o.f pathology and the
’ - amount of beryllium foundDigE;cif‘eRgiI-é'lng at autopay.
# The unususl characteristics of this disease have led Bome investiga-
tors to abandon the hypothesis that berylliosis is & simple chemical
Intoxication and seek an expianation for the disemse in the theory that -
& sensitizing reaction is involved (3) ¥ith this hypothesis,it is
possible fto explain ma.ny of the peculiaritjies of this disease.

One can demonstrata quite readily that beryllium oxide exposure
was the specific compound involved in most of the reported cases of
beryllicsis, but this in itself is not eonclusive becazuse beryllium oxide
is the compound most used industrially, It is the only compou.nti of
berylliuz which has found application in the ceramics industry. In the
machining of beryllinm metal, the metallic dust particles form oxide
coatings; and in beryllium copper founding, beryllium oxide is a consta.t ient
of the fume, There are, however, two important industries, beryllium
exfracti:n and flvorescent larp marmfacturing, in which beryllium corpounds
other thzn the oxide are widely used. The spotty occurrence of barylliocsis
in these industries may possibly be explained by the hypothesis that -
berylliuz= oxide is the causabive agent of this disease,

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

Only a2 s=2l1] minority of the employees are exposed to beryllium oxide,

00619b4y
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E S one plagt for which data over a 17 year period are available, all

of the kmown cases of berylliosis occurred in individuals who had been

exposed to beryliium oxide, 'I'lua is true for the nine cases which have
r -

developed among approximately 1700 employees who have at one time or
another worked in this plant. A4s noted ea%.f‘er, I'_L[}l]ys was the plant near
which a number of residents developed berylliosis, presumably from
atmospheric contamination. It is noteworthy that; the princigal beryllius
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 fex employees were involved by reason
of its physical isclation. |

In ancther berylliﬁm production plant there have been no cases of
berylliosis among a;;proximately 200 ind_ividuais who have been emplcyed
during the 12 years thls plant has been in operation, The complete
absence of cases is not b‘urprising when one considers the frequency of

I
dizease in the larger of 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 individueals
who developed berylliosis were exposed to the phosphors used prior to 15.2,
during which time the beryllium oxide content was about 12%.(6)(9)

The beryllium content of phosphors in subsequent use was raestricted to
zsbout 2%, a change which wasstimlated by the wartime requirements far
berylliz=m, MNo cases have developed azmong employees who were hired

subsequent to early 1942 when the 2% beryllium oxide phosphors were adopted.
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—... It has been shomn by X-ray diffraction studies (10) that the

solubility of beryllium oxide in tfte zinc silicate host lattice i.a

limited to 30 molar perc;nt for phosphﬁrs ‘havir;g up to 1§ manganese,

The éolubility of beryllium oxide decr;aa,se; with increases in manganese

content. The limited solubility of bafylﬂgg éﬁgﬁﬂfﬁnc-bewniﬁm -

manganese phosphors is thus ;:o 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 1imit of solid solution in zine silicate. - It appears reasonable to

conclude, tentatively, that berylliosé.s in tﬁe T iuorescent lamp industry

was produced by fres beryllium oxide ﬁresen‘b as ‘an excess in the phosphor.
OUnfortunately, 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 attedpts 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 berylijum 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 berylliuvm oxide and beryllium metal did molt 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,

000149b0b
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.&mther 11lustration oi‘ the unusual toxicity of beryllium is found

o 'in the cccurrence of berylliosis in individuala residing in the same

household with beryllium wrkers, A ty‘pical case is that of a house’uife
whose only exposure to 'bexyllium occurred in the washing of her husband's
work clothes (8) No other industrial toxin is Icnown to have produced
polsom.ug in this way, During the :.nves‘%?ga‘tjuon of this case, work
garments from the plant where her husband was employed were laundered

in 2 manper similating the laundering procedure she used in her home.

It was concluded on the basis of this study, that the laundering of
contaminsted wo;‘k clothes results in the inhalation of about 17 micrograms
of beryllium. While this is a very meager expos:ure, it is certainly of

a2 magnitude of hygienic significance when compared to other data giveh

above,

o Stin ¥anifestations

The soluble beryllium compounds have the characteristics of beth
primary irritants and sensitizing agenits, In one large plant over 25%
of the new employees exposed to BeF, developed a dermatitis within the
first fem weeks of exposure. 'Ber when accideﬁtally implanted into an |
sbrasion or laceration of the skin may prﬁduce an ulcer which will persist
-ountil the beryliinm is :;IE;J-;:;.:ved. - e

Fluorescent lamp phosphors and metallic beryllium, when implanted—

PN

accidentally into the skin, have besn 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 remved. Pathologi;:ally,

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

60019b 7
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.&5 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

berylhum poisom.ng can be prevented. The_pmcedures adopted will, of
course, depend on the physical or chemical proper_‘t.ies of specific berylliuz
compounds or alloys, as well as the manner in wh:;.ch they are to be
handled. | |

The skin reactions to beryllium are a 1o1vr order hazard in comparison
with the danger of lung in,)'ury, and th:.a presentatlon will therefore
not be concerned 1n detail with thls prcblenm, Dematitle has been a
serious problem only where the acid salts of beryllium Gaarticularly
BeFs and (NHM)QBeFJ_D-are handled. The strict standards of personal
and process hygiene that are eecessary to prevent lung injury to
beryllium compounds will tend to minimize the dermatitis problem except
in a small percentage of individusls in whom 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 compourxds 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
corpounds in excessive acounts is the primary facter in the causation
of the disease. To produce injury the beryilium compound mst be

inheled in amounts which exceed an individualk tolerance for the smbstance.

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

00019b8
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Montml of many other industrial diseases, the prevention of beryllium

_,._...-—--—-—..--.

- _ diseases of the lung depends on the control of atmospheric contsmination.

. . 1imits of Permissible Atmspheric Contamination

The U, S, ,&tomic Energy Commssion which has been the 1argest

user of beryllium compounds in recent years has establ:.shed an advisory

1 cormittee 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 committee +o recompend values which are mutomatically

revoked at the emd of a 12-month period at whlch time the subject is
reevaluated in the hght of new 1qi'ormation. However, the recomended
velues appear quite stable in viem of the fact that there have been
: no changes Bince the subjec£ was first considered by the committee in
! © 1949. The recommendations of the committee are:

1. The in-plant atmospheric concentration of beryllium should not
eﬁcceed 2 micrograms per cubic meter as an average concentration throughont
" an 8-hour days -

2. Bventhough the daily average might be within the limits of
Recormand 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 neighborhood of & plant handling beryllium compounds,
the averzge monthly concentration should not exceed 0,0l microgram per
cubic meter.

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

values are recommended. This is unicue in industrial hygiene practice

06019679
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—~.®here a single maximum permissible concentration is ordinarily used in
the control of z toxic substance,
The value of two micrograms per cubic meter is the only one of the

three values that is not based on field study. It was recommended by -




As roted above, 2 micrograms per cubiec meter le recomnendsd &s the
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= meximm dnily everage exposure. Thus, &n individuml could be exposed

to 4 nicrogramiz per otubic meter for four houwrs & day and, if he were not
exposed to beryllium for the remaining 4 hours, his average exposure far-
the 8 hour period would be 2 micrograms per cubic meter, which is per=-
DOE ARCHIVES

missible, Similarly, an individusl could properly be exposed for higher
emounts for correspondingly briefer periodse The.mximum exposure should
not exceed 25 micrograms per cubic meter because higher concentratioms even
for brief periods may produce acute disease, As noted earlier, ons episoiie
which inv_olve_ﬁ 20 minubes exposure to about 500 micrograms per cubic meler
produced acute diSeaée in thres individuals.

It is possible that Recommendstion #2 will eventually be waived for
certain Leryllium compounds, There is every indication that beryl is
not cepetle of producing acute diseese, To an only slightly lesser extent
there is evidence that the hire fired grades of beryllium oxide ars not
acute harzards, XYoreover, for those compounds which can produce acute
disease, it is gquite likely that the hazardous concentrations will vary
from ce=round %0 canpound, However, the evidence is not sufficiently con-
vincing to justify differentisting betwsen beryllium compounds and for the
t_i__me beizz one should continue to apply this recommendation regardleass of
the forr in which the beryllium exists.

Reccomendation #3 that the ave_rage moﬁthly concentration not exceed
«0! micrograms per cubic meter in the neighborhood of & plant hendling
berylliw= compounds is based on actual studies in e commumity where air
pollotien was responsible for berylliosis emong residents near a beryllium

producirs plant. This value probably has & safety factor of about 10,
: §

061971
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hir annlysis for beryllium is the basic tool with which an exposure
oan be svalwted, Careful sampling procedures will provide gquantitaiive
exposure data-', will iden"bify the need for control procedwres; and will .
assees the valws of hyglienio procedures already in effaot. )

Air enalysis for beryllium is performed by drawing a I:nown volume of
air through a suitable filter medium and then analyzing for baeryllium by

either spactrographic or {luor$metric mwethoda,

2 upseful assembly for cbtaining the air sample is shown i:n Figure 1.
(12) This unit conteins a- compact motor ?PogeéQQL_L%@ which draws ons-
cubic foot per minute through & 1-1/8" filter paper, Whatman {1 has
been found to provide good retention 61‘ the dusts, fumes and mists
cormonly encountered and has the advantage of being an ashless peper.
Afr flow through this device is combtrolled by & meedles valve and measured
by & rotemeter which is part of the assembly. If the conceniration of
beryllium is so low aa to require e larger sample, the apparatus shown
in Ficure 2 can be used, This unit is cepeble of sampling &t 20 ofm
through a 4" Whatman 741 disc. EHigher rates of flow oan be obtaimed by
using other sempling media,

In general, air samples should be collected in The breathing zones
of individuals performing potentially dusty occupations end in the gensral
workroom ereas, Thess can be comp_o‘si’aad to yvield a moesure of the general
level of contamimtion. Careful air analysis will not only reveal the
troublescme operetions, which are sometimes not visibly dusty, but will

also provide a record of the exposuwre of an individual worker., Izble I

i1llustrates the method by which ons can estimate the daily average
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¥othod of Estimating Aversge Deily Exposure
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" Jobs Siptering Furnace Operatar

Overati : Tima . Time : Concen=- Avg, Cen
._PB’;: ca "Per  Opersa, Per No.of tratign(C)  Tires
. Opera,  Per  Shift{T) Samp- p . Total T

. Operating Area (¥in) Shift (¥in les (Average) (Txc)
*Placing Compact 4in " :

Furnace ) 1 1/3 2 4 5.3 10
*Dislodging Craphite DIOE ARCHIVES

Blocks ! 90 1/3 30 3 1.5 45
*Rémoving Co—paot &

Transferring Yo De= _

contamimation Room 6 1/3 2 * 2 5.4 6.8 .-
#Toaring Dor— Compact g 1/3 3 3 15 45
#‘li"a.cu\mjné & Tashing

Compact, Bemoving Com-

pect from Tecontamina-

tion Room To Cooling

Room 8.5 1/3 2.8 4 15 42
#Loading Blerder 20 1/2 20 5 11,7 234
*Placing Blexzder on

Roller & Clsening _

Hood . . 6 1/2 3 3 20 60
*Loading Corpact — 166 1/2 83 4 5.4 450
«Taking Sample from

Compact 67 172 3 3 75 22
sloveling Co=pact &

Placing Cover on. 13 1/2 6.5 5 1.5 9,8
sPutting Pli—ger in

Horizontel Sintering— ==

Furnace Die - - 9 1/3 5 1 1 33

G Sinterinz Furnace

Area 282,4 3 0.3 _ €5.3
¢4 Lunch Rom 40 1.5 60
GR Locksr Room 28 6 0,9 25,2

%T =508 - - T {T x¢C)=10°0

(T x C)

Z——5T)"

-

= 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 a carsful time study of the ln-

ZEEC"7 7 dividwmTs work hebits and is useful in oharacterfzing the exposure assooi-

ated with many repstitive operatione involving toxie substances,

¥sthods of Chemical Amelvyais

. A number of satisfactory _speatrogfaphio, ’fluor?;na‘brio, end color-
ﬁ:natrio = ocedures for the determimtio:; of micro-'-qu;ntitias of beryllium
héve been published.{23)(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 nscessary to aveid contaminati-on of the

samples either in collection or ammlysis. Because of this inheremt dif-
ficulty, many laboratories associated with t&ocg;ém%gﬂlggsmtallmgical
processing of beryllium are unmable to underteks their own analysis, How=

ever, with suitsble precautions this can be accomplished, This is evi-

denced by one large beryllium production plant which has successfully

wmdertaken an air asnalysis program.

Desizn of Working Facilities

The specific precautions which should be observed when beryllium
is handled will depend on the type of work contemplated, There are
laboratory operations in which gram amounts of beryllium compounds can
be safely handled in 2 well operated and properly designed chemiecal hood,.
On the other hand, other ladoratory procedures invol'g'_ing—iess than 2 gram
of beryllium may require elaborate precautions if the work is such thet
the dispersion of beryllium as a dust, mist or fume may occur. Very few,
if any, precautions are necessary for many machining operations invelving
beryllium copper alley., This contrasts sharply with the extent to which
precautions ars reguired in the founding of the mé.star alloy or in in-

dustrial scale operations invelving the extractiion and refining of beryllim.
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The Area in which a berylliwm exposure existe frequently can bs limited

- e U

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

e beryllia cruci’blas can ocontamirmete the workroom air breathsd by others
who are not direotly soncerned with their work, Here, &s in many other.
exsmples whioh could be oited, is the opportunity to raduce tha extent of
the exposure by providing & separate room in which this operation oan be
performed, _ -

Beryllim, 1like other toxis materials should be handled in & work
enviromsnt which is conducive to good gensral housekeeping. There is
nuch to be said for the advantagez of a wall illuminated, freshly paintad
neatly arranged workroom. Clean working practices can be more effectively
encowaged when one starts with & workroom that is of itself properly
designed.

. Yacuum cleening of floars and other surfaces is an important part of

- - -a program to control dust axposure. In just a few minutas, dry sweeping

T ozn produce dangerous axposures Eﬁgr oum-wl"zera the beryllium is othsr-
wise safely handled. Wat swoeping is less dusty but inm practice is diffi-
cult to supervise. Vacuum cleaning provides s thoroughly satisfactory
m-ethod of removing accumulations of dust but certain precautions should
be observed,

The type of wvacuum equipment will vary from & household vacuum olezrper
which may be adequate for a small _l;sxbm'atﬁzy toa oe‘ntral heavy dubty systez
that costs tons of thousands of dollars and services relatively large in-
duostrial areas, In some cases the method of choice will be intermediate

apd involve & portable industrial typs vacuum cleaner, It is important,

regardless of the Xind of unit which is edopted, that the wacuum cleaner
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be discherged to outside air, This is not only to safaguard agalinst sudden

—_— =

vl __Q..___ —- T tpars in the filter medium but also recognizes the faot that even under the

I best of operating conditions the dis charge air, mnlthough relatively oleen,
my be ha.zardr:nus for breathing purposes, In the smll laboratory, it'is‘ :
po'ssible to pass :Ehe discharge air through a flexible hose tarm'im’cing in

a laboratory hood, It is important eventhough th?ggﬁhﬁxpgglx%ns the. ;
vacuma system passes.to outside air, that' appropriata conaideration be given
the possibility of etmospheric pollution exterior to the plent, This may

or may not be a problem dependirng on the amougt of bar:ynium being discharged
and the sybject will be discussed in more detnil later, -

Ventilation of Beryllium Precessing

Well designsd local exhaust ventilation is freguently the most essertial
rart of a program to minimize the hazard from beryllium, Local exhaust
veptilation provides & method of captﬁing ez 2erosol (dust fume or mist)
es clese mas possible to its source .of dispersion, and conveying the con=- .
teminent Tthrough a system of ducts to cubdoor air, Where necessary, msaus
nust be provided for removing the cmiaminant in an eircleaning device
prior % outdoor disch&rge of the sir.

Figime 1 illusbrates the design of & ventilated enclosure which permits

'
manipulation of modsrate emownts of toxic meterials, -

A mmaber of prinéiples are illustrated by this simple enclosure. The
air supply required for ventilation -is minimized by r‘educing the access
area ir front of the hoods In order to control dust dispsrsed within this
encloswre, ventilation at & rate of 150 to 200 cubic feet per minute par

square oot of hood opening is required., Minimizing the eccess area imw

troves the perforrence of the hood by reducing the effects of cross drafts
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and the volume of air required for ventilation, Thersfore the cost of ths
vanb{lz;:i;:a: syetem. 19 redused in proportion to a reduciion in the area of
the hood opex_;ing. Goad visibility i1s provided by large windows end in-
st.allation of.illmimt!!.on within the enolosure. ‘The latter is particularly
important as it encowrages the proper use of such \o. hood.. o

Figares2 and 3 i1llustrate the manner of ventilating t-l.latho in which
metallic beryllium 1s machimed, In both methods :; high velocity {2000 to
3000 ft. per minute) exhaust orifice at the end of a 2" flexible hole 1s
mountad on the tool post, In this way most of the dus'{‘. formed at the poi_n‘c‘
of operation is properly controlled, Dust which B-SOB.paB the influence of
this high velocity exhaust nozzle is cap?u?'EdAﬁycgumndary hood of which
2 types are shown, BNote that in Figure 3 ventilation economy is achieved
by providing plastic shields which reduce the volume of air required for
effoctive ventilation,

A msthod of ventilating a rotary kiln is shown in Figure 4. Amnular
enclosures at both ends of the kKiln provide control over dusts and fumes
which would otherwise be dispersed into the workroam air dwring mormal
operation, The wvantilation l_wod at the discharge end of the kiln iz Iln-
tegral with t‘he discharge shoot for which ventilation is to be provided.

The field of local exhaust ventilation is a pleoce in which it is
advisable to obtain expert design advice. All too often a system fails
completely or is over~designed. Tha latber very ﬁ'a;uen‘bly involves. un~
nocessary equipment and installation costsse Of equel dimpartance -but not -
often appreciated is the excessive cost of heat which wmust be supplied to
mke up 2ir in a ventilated area in the winter time, The operatim illus—
trated in Figure 1 is propsrly exhausted with a flow 300 cubic feet per

minute, DBy other methods which provide less satisfactory provwection, froo

1000 to 2000 cubic feet par minubte might be reguired.



- 2] -
o Air Clesning Eouipment |
{__;_E“__ ,_.,.-,-,"_'"'_: The ooourrsnce of beryllicais mmong residents in the violnity of plarts

using 'bez-yllifun has emphasired the need to guard against exceseive con~

- tfimimtitjn of gaseous discharges frcm phnta ‘and .Iabt.arl.atories using 'oe_rylli-
wme Of perhaps equal importence 1s the danger nf.ocntam:l.mic_eé*airl being
recireulated back into the workrooms. This oan "be caused 'by down drafts
carrying virta %lly mdiluted discharge into open windows, or by poor plan-
ning which places the intale of air supply ;systama in proxinity to the dis-
charge from the process veniilation system. '

Al%though the problem of air pollution under soms conditions 13 8 very

. OE A IV. '
real ono® when beryllium is being hamRedPi ii{cégouﬁsba emphasized that my

'barjrllium operations oan be venbtilated without the need for aircleaning

systemss If the beryllium iz being discharged in amounts not excesding

a fow grams per day, it is likely that no requiremsnt for air cleaning

exists rmless the point of discharge is poarly locasted, The ventllation

system should preferably discharge at a point well above the roof levsl,.

The maximum concentration at street lsvel will occur at approximately

10 to 15 stack heights from the point of dischargé and the magnitude of

this concentration will desrease with the square of thes stack height.
Scme idea ‘of the quantitative ralationships jnvolved in the dilution

of stack effluents can be obiterined from measurements in the vieinity of

-

ons plax=t where esareful studies werse ma.da; This plant was discharging
approxizately 5 1bs, of berylliwmm per day from 8 stack located at 35 fest
above the strest level, This discharge produced a concentration of aboub
0.2 ricrograms per cubic meter 350 feet from the stack, Under similer-

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

[

. e D

centration for outdoor air, As a guide to estimmting the order of magni-
tude of the concentrations to be expeoted in the vicimity of offlwents
containing to;:io materials & number of techniques utilizing the 'l:heory_ )
of. twbulent diffusion ere amilabla.{lg)

The choice of airolsaning equipment will depend on the ;ph;aical ﬁnd
chemical form iz which the berylliwum existe, 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 typs awvailable from
& number of menufscturers will provide collection efficiencies of over

DOE ARCH

994 and are satisfactory for meny raquiremsn éyEgimilar efficiencies cen

be achieved with & variety of fibre glass, celliulose, and other filtrcus
madia which are commercielly gailable in the form of replaceable mets., Eow-
ever, they are only practical for light dust loadings, Elsctrostatic
p_recipitators of the Cottrel type are expensive in comparison with cloth c
the pglass filters e&nd offer no appreciable advantages for the relatively
low capaeities required in ven;hilating a beryllium processing operatiozn,

It is sometimes desirable to precede mny of the abova-'bype dust
colleotors with & centrifugal separator {such ms Cyclone) in order to
remove coarse material, thereby minimizing the loed on the high efficiency
separator, For clsaning air contai__ning miéts, a varijiesty of types of ecuip=-
ment are available, Here in particular the question of corrosion is fre-—
quently an impartent factor iz determining & choice of equipment, Pecke2
towers, Venturi scrubbers and other types of wet collectors bave been us=d

successfolly, The choice of belancing the cost of the eguipmont against
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the expected performance is frequently a diffiocult problen, partiocularly

Bm — e AN rim me o LA oA ...

~ sinoe the lattor is often wunpredictable, For this reason, it is desirabls

to seek expert guidsnce in the selection of equi;m:sn’c and to anticipate

tha nead for careful perfarmsnce tegts and possible alterations o the .

system after the initial installation iz made.

Some General Hygienic Procautions

far.md.rzt As disoussed previously, the -'bm:icity of beryllium is

such that at least ops well documsnted case is known where the only contact
DOE ARCHIVES

with beryllium was 1n the washin,g of wark garments, It is therefore de~

sireble to povide "on site™ lawmdry facilities if at all possible, Thers

only a few employlees are im'rolved, home type lawmdry equipment is sufficiezt.

Speoial Problems in Mzintenance Procedures

The most difficult operations to combrol ere those having te
do with plant end laboratory meintemence, Inmumerable opportunities far
exposure exist when beryllium contaminated equipmsnt is being dismantled
or repeireds In & plant where all routine work is well controlled it is
possible for an individual with 2 welding torch to produce 2 lethal]l ex=
posure in & few minutes. It is desirable that all maintenance work be
carefully supervised by an individuml who is conversant with the hazards
of beryllium poisoning and can competently improvise protective procedirss

to suit the needs of the job.

-

Respiratarss A good primeiple is thet respirators should not

be prescribed for a routine operation but rather for an unusurl short terz
exposure where positive methods of dust control are unfeasible for mechazl-

cal or economic reasons,
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Where the oconcentrations of & toxio substanse are so high that brief

——r = S e

o sl L rE——— . .y -
I eea e grnosurs may be lethal, even an alr supplied respirator should be avoided,

a R At lanzt ons fainlity from acute beryllium poisoning is knom to have
occurred ther; an individual working in a oloud o/f 'ber:yilium chloride had
to remove his respirator because the air supply iines becams fouled. As
; _- an emergency device, for use where acute 'be.r-yllium ﬁo.isnning is a possibilitf,
‘ : a self-conmtained breathing apparatus sho%]%Eb‘%RtS?dly E?n this equipment, an
air supply for & limited period is assured from-either a taﬁk o:l’.‘_Oxygen
carried by the wearer or by ra-ciz-culation ;ﬁd chemical treatment of the _
expired breath,

For less hazarﬁoﬁs 6Xposures & variety of respiratory protection is
availsble. Referring to Table I it will be noted that the operation of
*removing the samplefrom & compact® involves (a brief 1/2 minute) exposure

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

respirator would be satisfactory. -

A

) SUMIAHY
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 beryllium in air to g;a.fc levels,” Maximm permissible concentratf-u:ns for
) prevention of acute disease and berylliosis have béen tentatively recocmmended
by the U. 5. Atomic Energy Commission to its contractors amd to date have

bezn suvccessful in the contreol of these lung diseases,
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