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Foroword

Har_qld C. Hodge

Ta commection with the symposium on berylliwm poisoning at the Saranac
Laboratories, preliminary experimsatal studiss dealing with various phases
of the beryllium problem have been briefly summarizedo These - surmaries
in fell make up the body of this rsportn »

A brief statement of orieﬁtation might be in order:

Ciinical Industrial Beryllium Poisoning. In the report of the Beryllium
Symposium held at the Medical School, University of Rochester, in December
1844, a number of firsi-hand reports were made, in which the several manie
fesiations of beryllium poiscning were described in detail. A summary of

the symposium hes been distributed as an earlisr report from this laboratory. *

Briefly, four con&itions have been ascribed to indusirisl veryllium
peigonings

1. Metal fums fever

2., Dermatitis and ulesrs of the skin
8. Acute pneumonitis

4, Delayed, prolonged lung disease

One of the most confusing aspeets of beryllium pciaoning is the ex-
Yrone variabliity of %ha gyrmpions, - The most common seem to be as follows:

1, fnorexiz and loss of wsight in miid poisoning
2. Dyspnes snd z-ray ehanges in the lungs in ssvere poisoninba

Arother confusing agpsét of beryllium pozsoning iz the lack of con-
sistent correlation between expésure and poisoning. Individuals working
near z berylliun furnace, whers exposures night de sxpected to be severe,
may not develcp the disesse; while office workers in a distenty part of the
pland may be affected. In fact, the establishument of beryllium as the

unigue csuse may still be said &o te open o question,

) |  Sevem chepters are included in this special report; the titles are
given in the table of contents. As & guide %o the subject metter, a series
- of pa?&graphs are appended hserewiths

Duai Hezarda, Owne of the sources cf perplexity in the past has been the
ncar¢y %otal ehsence of dste sz tc the nature and concentration of beryllium
Qusts 1n the beryllium plants. The first report by laskin, Turner, and
Stokinger describes a careful survey which has been made of a typicael beryllium
plent. Concentrations of heryllium in the factory air were found to vary

from high values, €.8: 4.7 mgﬁm3, near the metal furnsce %o low values,
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7Y : 9 Qaéﬁ‘mg/m§;in rooms at some distancs from “he matallurglieal operne

tions. The median particle size of the beryllium dusts ranged from 0.9
microns nsar ths berylilium furnsce t0 2.5 microns near the beryllium
fluoride furnace; and even %0 as large as 10 microns in the ors treaiment
room. In passinz it might be noted that concentrations of fluorids as
great as a thousand times those of beryllium wers encountered. These
dust data possess an imporiance out of proporiion to their numbers, since

no other such 4a%a sre available.

Analytical llethode, In ths second report, V. F. Heuman has mentioned

the analytical methods availadle for pure ssmples of beryllium., Colori-
metric or fluorinetric methods can be used for sméunts of the order of

10 to Oaﬁfugg The spectroscopic method will detsct as little as 0,005/ e,
Radiosctive beryilium is ons possibility as a tool in distribution studies.
A% present, no rolisble method for isclating beryllium from tissue samplass
is avallable.

- Pathology. The cardinal pathologieal chemges in sxperimentel animels havs

been described by Scott. Three systems of $he body reveal the effecis

of acute, high~grade polsonings a) the liver shows a midezonal necrosis;
b} the kidney shows a characteristic necrosis in the distal third of the:
proximal convoluted tubule, and ¢} a variety of changes arise in the
hematopoietic system, which are reflected irn the peripheral blood in a
gecondary anemia, a leucocytosis, and an incrssss in the aumber of plate-

lets.

Acute Toxicity. In adult albine rats, the smounts of beryllium to kill
the average rat ard as follows: intravenocusly, about 0.4 ng/kg; intra-
peritoneally, 5-10 mg/ke; intratracheally, about 1 mg/kg. In each case
the suinhate was a&minisﬁar&d in .aqueocus solution, btut the Jdoses wers

calculated as berylliium. .

There is some evidencs of az nmarked spscies variation in susceptis-
bility when beryllium sulphate is administered intraperitoneally. The
dose to kill tha averags animal is roughly es Tollows: mice 10-15 mz/ke;
rats 5-10 mg/kg; vabbits 0.1-0.4 mglkg; guinea pigs 0.1 mg/ke.

The scluble beryllium compounds are gquste toxie; the toxicity is

- a function of the anionic part of the molecule as well. The insoiuble

beryllium compounds are slightly toxic or almost innocuous.

Preiiminary Fee@in& Tests, Maypard carried cut o few tests im which rats

 were maintained onm diets containing 5% of baryllium sulphate. These

animals did no% grow; bui when placed again on a stock dlet resumed growth.

"Comparable rats nlaced on z diet containing 5% of bveryllium carbonaie

lost weight and died. The rats receiving eithsr compound devsloped welli~
defined rickets. ' : : .
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Rats fed on diets cén%aingng'ﬁﬁ of beryllium ozide or 10% of finely-
- powdered beryilium metal exhibited no 111 effects.

Prelininary Inhalation Tests. Oroups of snimels were exposed to ate
mmsphsrea containing be llium sulghate aust in amounts sufficient to
be sguivalent %o 4-5 mg Bs/m .

in a Ywo-week study, micse wera found to be quite susceptible, rats
and homsiers, somewhat suasceptible; but dogs, rabbits, and guinea pigs
wors guite resistant to the oxposure. Some skin lesions wers observed,
and those mice which died early in the experiment showed iiver injury;
a %endency toward incerssse in leucocyte count was observed. _

In a few experiments, rats wers pleced in an aimoasphere containing
beryllium metal fums having & to%al concentration of the order of 800
mg/m>, Thir‘tycminutea' exposure $o0 such an atmosphere will kill the
majority of a group of rats. Half this exposure killed none. The
affect seems to be that of a primary irritant.

Havrold C, Hodge
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ABALTSIS OF DUST AND FUME HAZARDS

i

IN A BERYTLLIUM PLANT

Sidney &aakﬁﬁ, Hoberd AN, Turner, Herbert E. Sickinger

A grest percentage of ithis material is included in the

following Monthly Reportss #M-1029, M-1936, M-19u7,

Additional data inciuded in thie pansr will be includsd
in future Fharmacology Beworte
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ANALYSIS OF DUST oND FUNE HAZARDS
IN A BaRZLLIUM PLANT

Sidney Laskin, “lobert A. N, Turmer, Herbert B, S¢okinger

LBSTRACT ‘ A A .

— oot LA

.7 A survey has been made of industrisl haalth cconditions of s baryiliun )
plant in which many instances of beryllium poisoning have existed. The survey -

included an énalysis of the duat énd fume data tsken under operating conditions =~

at the plant. The resulis of this aﬁalysis have been correlatedwith the

medicel history of the plant.!
‘ / N2

The plant in question pmr:iuces a technically pure beoryllium metal and

heryllium-copper alloy,s ’i“ha operations involve grinding beryl ore, sintering,
convarsion %o the sulfa‘i:_@‘with gulfuric acid, fumécmg %o the oxide, trogi- |

- mend of the oxide by acid flucoride followed by a reduction of the beryllium-
fluorids to yileld mstsliic berviliuvm. The beryll im?;aa.oppe alloy is made .

by heating covper with beryllium oxide in the presence of carbon., The_ ag-
mdsph@?ie contamination associated with th@éﬁ processes 1s 3’.1} the form of duats,

fumes =2nd mista. Selected apeas 'wera sampled, the selection bemé based on

Tas% zrvadical history of hazard ¢r on obvious conigmination at the time of the

survsy. Sites selectsd wWers 'bm ors~treatmsnt ares and that about the boryllium .
flvorids and beryllmm natal Turnasss. Saznpli;lg equipment comsisted of a
E&odifi@:dvﬁamad@ Impactor, Filter ?aper Dust Sampler and & M,S.4, Midget Ime
pinger. SJanples were avrliyzed in &ost instaencss, both for bervlilium anhd
Livnoprids, |

0f the three areas surveyed, those of the Serylliuré fluoride and berjllim \
mebtal fm@n;aea s&hawea the most hazardous concentrations of deryllius and fluorids.

Host arresting was the diszproporti cnately high flucrids cozxf'entration nea‘* “ e

the fivoride furnaee. Conesntrztions 1000 fold that of beryllium were found.

Iy 66
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apsrckion wes swovoximetely 0.085 magfml During the nouring @@e?&%ieﬁ‘of he
veryllinm wmeatal furisce, el lium concendretions varied fram\lﬁh o k.7 mgfmﬁ
at suvwwoxinmately 7 Smorles for flueride in this szite
weyre of the ardar of 1.7 ﬁ%fﬁg Near the rolary kiln driee for beryllium ors
treatment, berygilimm dund ﬁaﬁ@ﬁn%ya%i@§ varied from Gﬁﬁﬁg to (.53 mgjmﬁi
fluerids concentrations im the air were of %%e game order of pﬁgni&u“@o A
particle-size analysis of the éﬁ? ﬁ@ﬂiuﬁiﬁ*bi@ﬁ gemmles by the mesns of ths
fnscnde Impaebor showed a massemedisp 39?%1 ie giz; af @iﬁ%ﬁ.iﬁ the viciniiy
of the beryllilun metal fornace, ta She brag*iiwm fluoride furnase, -
but sizse wp to 10 fa,gﬁ the aren sbout the Qfé trestrent voom. “he iasg}gbg%
beryliium duzhs were most officienlily 3ngiai @g‘@i%ﬁe?bt he Cazends Ispselor |
@?‘th@ Piiter Peper Tust Ssrmler, Dut the Fldget Iominger gave more sablsfse-
tory recoveries for scluble beryllium Tumse. -

Anathey problse iﬁ@agﬁéga%@é wrs that of beryl ores %uﬁﬁ@c%eﬁ af @@ﬁ%g%ﬁw
ing rodiozctlive lnvorities. Ong of %h$@@ suznected orss showsd elgnificas
bets activity souivelsnt %o 12.6% uwrsniwm, which on sneetrochsmiesl snslyvsis
leter revazled UE U., 0.5 Th., snd 089 ¥b. - This degves of activity ven-
f;gvﬁtﬂ e definite aharea Tehs raﬁ@n_ﬁazgr& and suggeste the n@a sibxiity thes

ureniup or other radiomciive melterials may zet syue ?gk%%icailv oF a8 prefisc.

ke

wosing reonts in bs hﬁldm naisoning,

5, o

The medical history of the wlond over a Y=yorr periocd from 1942 $2 19145

showad 136 ceses of beryilium gomwmwi Cases for the most part versconfinsd

2%

%o the preparation of zulfsie, the flvorids, the mslal, and the berylliw

copner alloy. The sympicns of szuosurs vwere confined ﬁh&ﬁily %@ the skiz and
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and acgounted for 60% of all casve. The domabitis sxpoged nrsas

ol -the gking was often severe, belng of the edemeious, papulovesivulsy dype.

«hen the fece was involved, there was invariably assccisted conjunctivitis.

.

L2 d

An elemen? of sensitivily was bslieved danonsireted. It was net uncommon to

find individuals showing both dermaiitis and brounchitis, especislly 4f permitted

io continue work in the sreas of the sulfating process and fluoride furnace.
Chemical pnsumonitiz ?r@senﬁ@ﬁ the saverest type of beryvllium poisoning and
acgarréé among worksre withoub respsct to type of procsss. Several deaths
from this cause were reporbed in 1943, iypicel symptoms were cough, subsisrnal

pain, shorétnsess of brasth, oyanosis, sneorexia, weight loss end increasing fatigus.

Vital cepacity was reduced. Thers wes a-low grade fever, XNecovery did net cceur

if work was continusd. Exsmination of lumg tiszsue sections showed a largs number

P

of plasma eelle, diffuse pulmenary edema and hemorshags. X-rays of the lungs

were dlagunostic.

Y

Previcus %0 1943 the plant had experisnssd relatively little trouble, but

fncreaszs in intonsity of opersilons with the outhrsak of the war, together with

losa of trained and selected personmal by the operation of the draft, may be listed

as poassible Pfactors rasponsible for an evidemie sifsab.

The general plant history showed a shift in the number of mses through the

yvears 1943 = 1946, During 1943 and 1944, the sulfats and beryiliumecopper

BrOCeIVBE WA par%;culaé v invoelved. Following imp?ﬁ?ﬂ@ eonditions aﬁ this
site, the production emphasis sgifte& to Berylliun Tluoride and beryliium m@tgl,‘
where st present, the g@e&t@ét proportion of cases uow app®§r~(19%ﬁ) The numnber
of cases rangsd Prom 63.9 t# 235.% per million men-hours of aipdsare, whereas

the acespiable number in well-esiablished chemical indusiries is 4.

2 .
o ”; ,/ Jé’»/’:} % '
Sié%ﬁgif Lt cnet kot cped et
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. Part I, Plant Overs

o

: \ A, Tlent Operations. ‘Plant B ia snEeg:
. e metal from raw bexzﬂ ore and of &llsgfsgéf egnnsy and beeyllium fﬁéam copper
angd beryllim oxide. Table I lists %hs steps in 'i:hgs;e m@@mm and shows
the types of opsratiéns in esch process, the beryllium mmyﬁafmds produced, znd
P the major poiential hazards a2t each of the opsrations. The reseral hisbory
of beryliium polisoning &t Plant B is alsc indliested for sach of the procssses.
The raw beryllium ore iz £irst proosssed by grinding and hent tfea‘tmam_
. aad then ’corweﬁed to the suifate with sulfuric acid, Followine s purifica-
tion of the sulfete, the cxide ie then produced Trom this salt in & caleining
furnsce. Treatment of the axiﬁé with acid :”Z‘l{wmé@ results in the formation
i of ‘hﬁa beryllium somonium fluorids, which is then reduced %o beryllium

- ¢®oride by furnace trestmend. Fupther furnsee treatment of the beryllium

- ‘ fluoride results in the finsl produes, beryilium meitsl. The berylliuwn sopper
; ‘ alloys are pmdme@. by direct mixing of ‘b%ry}.iﬁ.u;g sxide with sopper, in the
- I;res@nce of carbon and required femperamx*asa
‘ The gen&x'al‘ types of operations involved in the plant process imcj,né@
. . grinding, treatment in tanks, cryetallizing in centrifuges, furnace heating,
and furnace pmduét casting, BHach of these processes is a potentiml producer
_ of atmospheric e@ntaminams' in the form of dusis, fumes, or mists. The
( Y major potential hazards include ‘z;arﬁlium dugts and fumes pressat as the
\Q ore, metal, oxide, copper alloy, and the variocus fluorids compounds, and acid
- « » mists and fumes of beryllium sﬂfateo Also present in the metal proeduction
& process are dusts and fumes of octher fluér&ié@ compeunds and nseseocus hydrogsn

. fluoride.

n\{ _\;’éﬁ
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Tahle Is Prooesses and Potential Hazards in the Production .
of Beryllium Metal and Its Gompounds
_ 0
Berylliiun Othor Gompownas Yajor Fotential -
Froceassg Compounds Added . Hazarde Health History
Ore melbing Rew beryl ore . Orea dust 1 hospital case of
T 3Be0 °Alg05°65102 S10e fumes long duration {2}
Froceassd owm Procogssed ore dust
Ors treatment BeS04 °4Hg0 Ho80, Acid mists and Tumes 1 fatel case
. Awag@nw
Grystallizing BeS0y«4Hg 0 {11Hg ) 2808 Aeid mists and fumes Numerous reaplrae
_ SR {BesDy ) tory and dermatitis
canes
Beryllium : . : ,
Oxids Production BeO Azw®vmm . Fumes PbS, CuS, 0g Teory minoy derma-
_ , . $itis
Duste Bel {inepsators)
Beryllium _Bel Cu, czrhon Ba0, Cu, snd Selu & raspiratory
Coprer Baly Pusts and Tumes capen
Production , 3 fatal {7
' Bed Acid fluoride Acid fluoride
Berylliun {WH, ) gBeFy {WWHy) 2S (M4 ) oDeFy mists
leatal . T . Serious dermatitis
Production BeFy Fumes and dusts of
Ba metal {NH, )oBely ; BeFg Fany resplratory

gages
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<ing Yo the vscords of she comvany hes %h‘
&apartm@ﬁ%'aaﬁ revoris of the comvany whyelcian, 136 cases of mcute berylliuw
p@isbning vers rénorteﬁ and observed from 1943 through 19%5,

With ths exceptlons of some very minor dermatiiis smong iaswéé%ars WO TR
ing in oxids production end one rognivstory cass atiributed primsrily fo
gilicon dioxide fume, no other ?@ﬁéft #8 higtory was found for theﬁgvareasu Thes
anbire set of cosze history recosrds wes confined $o the fellawing aressd
Bruéesges involving the Yrsatnent of beryllium sulfate, beryllium copmer pro-
duction, beryilium flvovrids end beryilium metnl vroduction. Al%hdngh
a1l cases rsnorded 1list dﬁﬁ@ifﬁb eoppounds as causative arents, moet of the

Y

zd %0 permit this interpretation. In general

a
i

records are nod sufficlently dedail
1it¢le is reported beyond an area or sne seific gperation in which the @wn oyes
was engagefl. The listimg of ithe gwifa%ag'eoﬂn@? 21llcy, and the metal, thera-
fore, refavse %o %he fa@* %ha» thene e@mzﬁumﬁ@ ware the predominant rmaterisls
within the aren of operatious. FJeryllium fluoride is used 2s a ﬂ@llé@@i?@
term %o imelude other fluorides @f'h@&yiiium such as smmoniuvm beryllium flucride
compleres and boryllivm oxyfivcride; it mey refer as,%ail to the aress of |
opevations in which thess commounds ave produced

Alse indicnted in Pabls I are chief tyoves of secupational diserse caused
by'ﬁeryiiiam commounds in Plant B. These are ﬁefm&%élagis and respiratory

Tha ﬁu@ma@ewﬁgi@ rESPOnses 8o m,?i%@&‘@o%&we% darmntitie and skin unlcer

which acourred in A% or B0% of the renuried cesecs. The coniact dermatitis

wes often g@@er@@ coeurying nost Troavently on the szncsed regions of the

body nemsly, $he hands, arms, Tsazs, and neck. The eruntion was an sdemadous

wemiiovasiculary ﬁ&f@ titds, wvhich in cases involving ths fae@ w28 Anvariably

\
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ppeocintad with & oond

only manifestation assacindad unner rappiretory Sract lpvelvement was Pound in -
2 large number of amses. All pases wers sxnowad %o 24%her beryillimm sulfele ‘(\;
' v

or beryilive fluari e atmaspheres sugﬂe;tﬁﬁg s somewnad evecific stiolo%yv
A dsfinite eloment of sensidiviity in the dermatitia can bs shows,
Aprroximately siz of tan new employess in conbact with the causetive atmos- >
pheres develon varyigg degress of eonﬁac% dermstities. In most cases, the
dernotologic manifestation annsared within from one %o two weeks zfter employ-

ment. The saverity of the ds na‘izi%is wg denendont uron the individual's

sensitivity and the 1amgth of ¢ u%@”ﬁ@ with the aimosrheres. Torther evidence
of the sneeificléy of the suspeactsd covvounds ¢on be ssen in the fact that

Py

the dermevitis tended io &i@awheﬁr afier reroval of the individusl from the -

susrnected stnosnhere. Thers wns, howsver, a high nerccentepe of recurresnces

on renarbted exvnosure.  Eseauss a nimder of cnsss were aleo renorisd, in which
, : : , .

individurls showing the dermatitle, were allowed %o continme work and whieh .

eventnnily develomed chemiecal bronchltis snd vmewnmcnitis, the occurrencs of : *

dermatitis in new workers, Stherefore, has besn unsed In Plant B asg o rough -

bzronster Q: inéividual'susa@pti%iii@y t2 respiratory treet involvement.

The seacéﬁ type of skin menifestation, the he?ylliué nlcsf, oeeurred iﬁ
the same oper&%ions ag %those responsible for the dermatitis cases., The pPre-=
requisite for this aandiﬁiam appeared to be 5 small adresion of the skin into B

uhieh emall crystols of beryllivm fluoride or sulfate become embedded. Thers

wos a bendency of the surface layer of theskin to hesl over the embedded ;
eryetel and form & small indureted vepuie. The papule wnderwent mecroeis &
and finplly formed g smell akae@ss'sagerficiaily apparent by 2 surrcunding T

area of erythema.
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| The vleer cecurrad on exgsed pards, -wnrtieculsrly the forssrn and hends, was
4 discrede, and as a ruls, single 1% couced 114%ls disivess unless infacied ar

wreisted until $traumatie

]
v
o]
o)

“located neny a Joint, 1g neglented, tha 1%‘};?-
extrusion of the fnmc'usion cenber accuvced. Pesline 418 not ocenr wndll the
‘ 4 erystal was removed by incision of ths wrule 2nd cureblage of the fibroue
vase of the vleer.
Respiratsry tract maaifés%;z—ztiem were classified in the cose histories
- agcarding %o the regions of the ramziﬁ%ry B%ﬁr’f’? involved. These incliude
chemical nasovharyneitis, chemleal tmc%ium ﬁ.ﬁq@z‘ai@ﬁl bponehitis and cheanmical
r ’ - pneumonitis. For vurvoses of thisg ‘ﬁiﬁé}““z%a?‘q ‘%Eﬁg,ﬁmch‘@iﬁié and bronchisis
casesbar@ ealleetivs}y grouned s% Irachechronghiiis,
< ' - Chemiarl naso-haryngitis ocourred m‘*ineinail? among Senders of f‘a:@fﬂé@%
: vhere heryllium sulfate wee iznited %o wroduce beryllium oxide and whers
. beryilims ﬂv;aride wog used in the nreducticn of wure beryllivm msital.
The irritation of the nasal snd vheryngeal rtzcous membrenes veried in
degrec sndmv frequently sgsocliated with s dermetitis of the face. The
v ehief comolsing wos soreness of the nose and throat associated with mild
epistazis, manifested by blood clots being blown from the nose. Ae g Tule,
c cough wne net nresent. Thers ¥o3 g diffuse ewelling of the mueous mesnbranes
with a comsidernble Wr@mian Bxpniokxis was gesondary %o vaéealar anlzrgs=
> e rnent in the meal zem@as;an In sowe @trea‘t@é cazes, fiesures gecurred and

. - pereisted for two months. The patients wore afebrile and chest and lgborstory

findings were negative.




Chemical tracheobronchitis ccourved from the seme omerations as the

ngéopharyngitis cases. 1% was chesrecterized by cough, vhles in both 1qngs,
but by normal gerial roenﬁgen@gram$u The cgmmcﬁesy-cemplaint was the cough,
npnproduc‘tifée excent fér occasianal b‘b&mé«stredr@d mucoid gmutum. Symnioms g C
of naaanharyégitig‘wﬁra ususlly concurrent, and in addition some natiaﬁts
showed mild dysvnen, snorexis and weight loés? P@les; charsoteristically
nrasent in the esrrly nhasg of insﬂiration over the lower long fields, Were
fine garly in the diseasa,.latﬁr bagoming coarse,v Vitel ecanzcity was reéucedf

There vas on occasional low grode Pevery esgyeimbed chill, however, never

occurrad. Gemnlete'rést wrs r@nﬁired fer-recs%eryo Ccﬁtinueﬁ we:k during
ghis 1liness nroved dengarous in either delaying recovery, .or in 2 psubeeouent.
develomment of trae ﬂg@umaﬁi%iﬁf.

Therdeal preumcnitis renvesented the sevenst form of beryllium noisoning. ' v

desveloped in workers oa meny different jobe under varying conditions. o 3

@iﬂﬁ@@‘ﬁﬁ@ra%ieﬁ could be gemerally isoleted as the source of gxnosura. Four ‘ ;
deaths wers renoried in 1§h3, on which case hisﬁoriés are availsble fbr'threee -
The findings sh@%@ﬁ that the pneumonitis nrogressed. either o comnlete

regovery or o death, vranms-l symntoms were cough with occasionsl biooéustreaka.
sl ©-utum, subsbernel Lumnlag pein, eho?tnes@ of breath, cysnosis in most casmes,.
abnarmnl tesds, ané?eﬁiﬁ with ﬁamg“weight loss, and increasing fatigue. The
dowimant ohyeical fzveingﬂ werse roenid ~ulse, v8les in ?aéﬁ lunge, and a.réduced -
vital canzcity. Sigas %f i;‘ stion were coneplcucusly absen$. The temmersture - -
was n0d gﬁ@mﬁiy slevrted éx&@m%'iﬁ ihe $erminal @tataﬁ of %hs‘faﬁal cases, .
‘K%wsﬂwuﬂW*@ sedinentation rate wre ae&entiaily normal. Blood countsz and

chenieal Pindings vere asiso g@ﬁ@r&ily normal .

$03 7

in ths lune fislds ﬁéa nat usual?y arvear until

thves wosks aftay the onzel of sympboms and physicsl sigee. Changes

3
o
N
N
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proninence 37 nerivranchial markings. In the Gerninal oases, Turther signs

of consglidation appzared. iﬁ *;ﬁ%mlamg@» whigh recovered, there was sn

sbsorniion of ths sofg idfilﬁrnﬁieﬂ and »;e gsrmearance of discrete congﬁamar&tw
ﬁaéui@e soehbtarad %hramgh&&% both lung fﬁ@lésa‘ Thig waé f@l&é#ed by elerring '
of the lungs fields afier ffsm_aﬂ@ Yo thyze mombha. Ae a‘ruie clea?img of the

lungs on rosmlgan iagge'ﬁxuﬂipzﬁi@n sepurred bafors commlete 8ubsid$ﬁcs of

&

symptome or disanpearanes of all vhyslcesl signs.

X

Hegropsies on ssveral casrs showved » dynizel pneumenitis.  The pathological

s

findings were similer, bigﬁiféﬁeﬂ% changes wWars fnuaﬁ only in the lungs. Ths

- tissue sections showed large numbers of nlssma ca?la. the rexatavg abgencs of

ymcrﬁﬁ@uk guler iafilivation, 4iffuze rulmonery edema; and hemorrhags. Tibe
, : ef 4 . :
roblaste with @vi&wna@;ofganiﬁa%iar ware nrassnt, although no fibPQSA% wag Tound
on ?@emthkmomagis @xamiﬁaﬁisa at recovsred nationds.
Table 11 sh ﬁ L@ n;@% v of bervilium noxsvning 8b Plant B as BG??@¢ fed
with ths prineinal @3mwwunds imvolve in the resnirvatory and d@rmaﬁelogi@
@isorders. Tedbles III-V vreseni an snrlysis of the vlant medical racords

showlng the re Ls»icm of the cermounds to the ghss freaueneles. This analysis

econnot be punsidered sulirely aneurste bsonnse the avallrble records wers

inoomnl with reenect te individual ceouretions, the totel number and sex
of the psrzonnel exnoszed and tims-produciion d=ta for each of the overatioms.

In addition, ssversl of the casze histories renresented recurrences. Ths
analysir, %hereforé, is presenited as s &vlﬂe in deseribing the extapi of the

h&ryll*nm h@?ar@ at the plani.
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Toble II.  Hisbory of Beprylliius Polsoning at Flant 3
{Based on Availeble Records of Plant B Health Deperiment)

" ' Menifegtations loe of Gagesl Range {onge Range
Predominant of Yosr Sex of of of
L& e Totel HIFE LAgss _Sszvige Lize iogt)

Yearsg Days
1943 g | 62 11653 212 days 2-20
Beryllium Dernatologic 1244, & 511 21=45 3-14 Cdoys G625
Sulfete 1945 8 20 2805, i34, Qoys 519
10461 4 1 212 f27=38 | 3242 dovg T332
19431 22 VAL B ] 18-056 | 4 dayeli yr 2=120 and
1 fatel

Berylliw Rospirabory 9440 -6 4 313 16-45 | Woday-1% vo 491

-~ Sulfate : 1545 8 g:0Q 3554, 1 mo=3 yo &-00
1046 0 Qi g ‘ -
3243 5 2: 2 emfy &od? Gays 3=27
Berylliium Dermatologie 1944 2 250 1-6L 2 daye=Giro 6
Pluoride ‘ 9457 16 118 1 B8 Ce?7 days 532
19461 19 1393 0 1 i8-5631 661 davs 0-20
154 & 1 610 {241 | T duyeiiyr | 3103
Beryllium Respiratory 1944 1 110 &7 34 days 153
Fluoride 19451 9 | 910 | 2368 | 3 uk-3r oww 260
19664 7.1 7.0 1200021 9 davedt ye | 719
1943 : -
Beryllium Dermabelogle 0 ¥
Copper Alloy I61 0 0 .

B exyilium

.
) Lo

&

~20 and
2 fatals

Copper Allcy Respiratory 1244 2 250 FASSAS 2 mo-Ty yo 15=-124
: 1845 O 5 0t 0 ,
N 1945 o 080
1943
Beryilivm Dermatologis Lo
Netal 1ot o k010
: 1943 0§ 0.0
Béryllius Regpivatony 31944, ¢ [0t
Hebal RASTE S S ¢ 030 z
A 3 §.310 (2529 3 § gl o H=14
i




in Tavle I foupr be
irp&icatsﬁ in the entire mum?@? of 186 reperted csoes; beryllium sdifate,
berylliuz fluoride, baryllium me 2tel, and the heryilium copper alloy. During
the 4~year pericd reported, case histories of respiratory tract manifestations

wars imputed Yo all four substances. To only the sulfate and flucride.

operetions, howsver, were ascribed cases with both respiratory tract and

dermatologic manifestations.

The g@ﬁeéal-plamt &is%@fy shwows 45 eases Dor 1943, 2 large numbsr Tor a
plant this size, durins wh ieh time 3 reporied rﬁa@iratofy fatalities ocourred
{1 in»sulfat@ end £ in beryiliuwm ﬁ@@p@r pﬁ@é&ctianﬁa Alth@;gh a definite
decrease is shswa Por 1244 with only &v cases reporied, the incidence apparently
returned %o the 1943 levsl in 1945 end 1948 with 41 and 33 cases reporied
r?spectigalya During this paﬁi@ﬁg snclosures of vafi@ué cp@raﬁieng {par%ieul&rly
the sulfate)} wers made hg'tha plant menegement. The effsots Qf these and an
increased medical vigil&nca by the compeny health ds?ar%manﬁ,afe reflectad
in the absenes of casss in the beryiliume-coppsr production after 194%‘aﬂ@ in

the decresse of respiratory cases in the sulfate cperations. Beryllium flvorids

gecompanying an inoreasse in production,shovwed a definite increaze

3

¢ases howevgr,
reaehing the prapor%ians of 26 out of 36 vreported cases in 1946; The cages atiri-
butad to beryllitm astal appear cnly in 1946, {See Table V), The severity of
the disease in individual cases decrsased during the reperted‘perioda This is
indicated by the ;ﬁlatiV§ ranges of time lost given in Table II;

The range of ages of thaﬂworkarag aiae shown in Table II, appeared to
be usual for #hiz type of industrial worker with an aovefage range of between
20 end 50 years. The periocds of service ahew that $he average exposure for thse
acute respiratory menifesiaztions were from one to four months., Several of the

respiratory cages showad manifestations ss early as from 3 to‘le days after




£ * T
exnosurs, indiceting moseible ellevglic reevonsez.  The ;Vrmstﬂlawfc PESTIORS NS
apreared within an average exnesuyes nerisd of From 7 %o 10 davs with the ' .

earliest revorted cases appenring iz from 2 fo 3 days.

’

Sex differences batwsen the gose historias and {yoes of wanifeststlions » -

could not be comnletelfanslyzed besause resords of the number of males end -

females engaged in cach gverstinm were nob avellable. Iucomvlele records

or carce histories also ﬁrevam%@d an amalysie in Leris of specific occupations.

AN

-

The tyves of ocoupstions licied among the cnse hisltorlier inglude diverse
categoriss as;g ﬁrOQQﬁS anerriors, fursace %enders, ceehinierts, foremen, con-

struction vorkers, maintensnce help and slectiriclens. .
Tobie III, showing the esse frenuenciss of Yerylliom poizoning annually )
at ‘the vlant, alee nresents # pertisl anslysie with resnset to sex. The results

re given in terrs of nvrcaﬂﬁa ze frequencies snd in terms of %the rate ver 3
_ . :

millisn hours of, axposure. Since the vplant hed an excevtlonslly high laboer ' k

turnover, _ : o the total number ,
of individusls expas&ﬁ gould not be determined, AL ff@quen@i@slére, therefors,
based unen averaga tdhl sonthly numbers of @maun“@@% ané $oital man-hours of

sxposure debermined fTrom wayrell records.

For the entire H@yeﬁr neriod of tha 136 revortad cuses of deryllium :
volzoning, 117 or 6% wers males end 19 or 1'% were f@ﬁﬂlp The average
number of embloyaes furing this veried waz 112.8 ver nonth of which 79.3% -

wers males and 20.7% were femples. Sxominadlon of %Z Tearly recovrd in

Is 111 shows that, slithe “ﬁh she above Tigures indleate no sigﬂificeﬂt .

differsnce bebween the saxes, %he female percentspe Fromuency rate was e
roxinately twice thal of the mels in 1583,  For the pericds from 1944 b
. * g

Shroush 1046, the ne ie pevcanioge fraguency ral tes wers aiznificantly higher

‘
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Pabls IIl. Case Fraguencies of Beryllium Poisoning

~In Pilaat B
- Av. No. Cozes A7, Wo. Tmpioy. | Av. Monthly | Gae Fraquency nmma Frequencisa
Conas Fer Monbh #es For Monki Expesurs | % ¥mployees 107 Exposurs Hr.
. e Ban _Seg Manwhours _.Sex Fotal Yearly
W ¥ | Totall M | F JTotel | M | § . Totell M | F Gases :
33 3.75 | 2.75) 1.00 | 151 [326 | 23 | 26,276.9 | 2.48 [2.18 | k.00 132.6
17 |33 1.2 11,081 0.33 | 119 | 89| 30 22,352.7 §1.19 {1.21 1.0 63.5 ,
o | ko Lot 3.2 13.3310.08 ) 113 | &9 | 2b 19,792.3 |3.03 {3.7410.33 172.8 . -
33 13 0 2 | 2.75 [2.56 10,17 | 68% | 5u%| WA | 11,548.5% | Mou {n78l1.21 238.1

154 on llemonth pericd {Janvary-Hovewbey). o . , :

’
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than those of the female. Farther study of the 13*3 ce nee indicete the

higher female rate to be primarily smong sulfete smployess showing resniratery
manifestationsa\

| Buring tﬁé nericd studied, ths aversge monthly number of employees show
2 definite decremce from 151 im 1943 %o 68'121 1946, Corrvemponding .3 thees
values wes an almost identical decvease inm ﬁonthly gxnosurs hours of from =
és,276e§ in 1943 %a 11,558.5 4n 19346: Desnite the decerase in @mnloyeer;% and

exnoeure hours, the cese frequencies showed gignificant increrses. The maze

iral percentege case fresusncy wes 4.0M% of the %otal euployess or a meximel

value of 238.1 cases ner million hours of exposurs im 1‘}1@6., ’fhe yearly averages.
" of the freguencies in terms of exposure hours range from 63.5 to 238.,'1 accldents
‘per miliion men-hours compared with the stendard sccented level of 4.0. Such

values characterize s definitely hszardous vlant.

Teble IV shows the percentage crnse freguencies of the chief menifeststions 1

of the occupationzl diserse 2% Plant B. . Por the entire period, the average
number of crees ner month (1.12) a2nd the %ot2l number of casec (68} were the
srre for both the dermatclogic snd the resvivatory trvact disorders. The
percentage freguency values ‘shawv -3 signif’i;:an*& incrense in the dermatologle ‘
eases during the remorted peﬁcd; with velues of 0.72% and 8.567 obtaihed in J

1943 and 1984, and 2.82% obteined in 1946, For the resviratory tract manifes-

tations, only a elight decre-se is evidsnt. The highest value of 1.77% was -

obbrined in 1943 corresmonding te values of 1.267 and 1.22% in 1945 and 1946,
4 significently lower value of 1.6%% wes obtained im 19hk,
Teble V shows the case freguencies ‘cengidex’@d to arise from exposure to

the be yilium eubatrnces. The resulis $llustrate the pointe msde with respect

%0 these substances undar the goserel disecussion of Tabls II. Tor the entirve .
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Table IV, Percentage cwmm M.,ummnosawmm of Beryllium Polsoning in Terms om .
the W..»sawmmw ooem@mﬁogw UWmammm wﬁnﬁdmﬂmﬁoﬁm
D ER M AT OL O G I C R ES P IR ATOR.Y
Tour | Lobal 110s | &ve. HO. UGBS | Lase Frequency. | Lobal Noo | AVe N0, UASOS | CAS6e Frequency |
| Cages pop month ! in 9 Emoloyess | Cases per month | in % Employees |
aos3l 13 1,08 0.72 32 2,67 1.77.
13941 8 0,67 0.56 9 0,75 0,63
1945 | 2% 2,00 177 17 L2 1026
ECTY B 1092 R 10 0.83 1.22
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Tabla V.

-

Correlation of Case ¥reguencies of Beryllium Poisoning
With Beryllium Compounds .

EBES FPIEARORT

T TOFAL NO, CASHS TEANATOLOG TG
Compound | Year | Av. No. Case Frequency} Av. No. Gase Frequancyl Av, No. Case Frogquenay”
| Cases Per | % Lmployses Ceses Por | % Employees Cases Papy | % Bmplovoes
Yonth . Month _ Honth - .
1943 | 2.50 1.66 0.67 0. lk 1.83 i.28
Beryliium | iouk! 1,00 0. 84 6.50 0.42 0.50 0o 42
Sulfate 1005 | 1.3% 1.18 067 0.59 0.67 .59
1946 1 0.33 0. U0 0,33 0.4 0.00 0.00
1943 1 0.92 0,61 Qo k2 0.28 0.50 0033
Beryllium { 19 0,25 0.2% 047 0.1l 0.08 0.07
Fluoride 1945 | 2.08 1.88 1.33 1,18 0.75 0.67
1946 § 2.17 3.19 1.58 2032 .58 0,86
waapwwg ng Oomm Q@W.N 000 $.00 Qnmm. QQWN
Metal
BeCy 1943 | 0.33 0.22 0.00 - 0.00 0.133 0.22
Alloy igkh § 0.17 0.1h 0,00 0.00 0.17 .18
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neriod the aversge monthiy perssntsge freouency indicates the following

elative classification of the overstions frop $he rost hezerdouz to the
1@a§t hazardous; beryllium fluariﬂe,rléﬁéﬁ; beryliium suifate;lledhﬁg
beryliium metal, @gﬁ?ﬁé and the Vervilium covper =lloy, 0.18%.
Farther anslysis of resuniratory end a@rfﬂu@?uyia ranifestations indiecates
a diffefence between those caused by sulfets ond flucride. For the éermatblcgic

by

menifestations, the averare freguency sbisined with the flueride is higher

-than that obtained for the s@l?gt@r Thig is similar %o the totsl Tluorids

L3 " "
and sulfate frequencies with values of 0.95% and 3.49% resnactively. Im the
case of the resniratory manifeststions, howsver, the sulfste frequency wes
0.55%, or slightly lsrger than the fluoride fracuency 0. 48%.

Part Il. Survay af the Flant Conditions. A survey of the environmend of

plant B was moce hg’mambe g of the Indusitrisl Hysiene Sectlon, Bochester &tomic

‘ ° .
Energy Project in December, 1946 . In addition {0 $he primery purpose of

eroviding information for toxicologic work st Rochester, this surwy had

. gaveral objactives. ?hase included the charscterization of known hezardous

areas of the‘heryliium nlent in terms of simoscheric dust and fume concentra-
tione and particles sine, 2) the procursmant of warious samﬁles.of industrizl
naterials for subssquent develovrment of mé%hoﬁs for ?eeaver§ end ennlysis snd
33 %?9 $esting of wvarious dyves .of aitmospheric @awniiﬁg fevices for field uge
and, the determinstion of their relm@iv» value wb@ ar-lied %o §ery11iqm
induebrisl hyviena nrotlems.

At the wlang s ﬁa@iiﬁi?=°? shudy wag Fivet rads of the nsture of sach

of the wericus onsreti~ne. The most hazardous dust and fume sreas in

&iﬂg im the oo




operation at the time ware asslectsd for sanpling. These included the bheryllium .

motal ond the beryllium fluoride furmaces. The ors treaiment area vwas also
gelected, daspite ths lazk of a history of toxis beryllium expesure in this ¥
area, because our inspscition showsd an exbremely dusty area and sugpestsd a ' v

‘fature potential hazard at this @ita;

The Dust and Pume Jurvey. Samples nfjthe atmosphsres present in snd near the

selected areas weﬁe‘takem by means of each of the feollowing methods: the
Meodifisd Cascade Impactor, the Filser Paper Dust Sampler, and the 1.S.he
ﬁidgst-ﬁwpinger (l)o_ The saomples collected with the todified Céscads Impactor i
‘and the Tilter Papéé DMoss 5amp1@r were %taken at 8 sampling rate of 14 liters
ver minute. Those collscted with the lijdget Impinger were taken at a sempling ST

rats of C.1 fﬁgper miznio. Most of the collected ssmples were analyzed chemically

»

{1} Pharmacology snd Toxicology of Uranium Compounds, Chapter X, Atomic Znergy
Project, University of Rochester, Rochester, N.¥., In presa. .
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far berviliuvm using the

. Reesveries of beryllium frowm the samples were male by methode devslopad by
< . . « ’ . - (2& o ) rS = i - o
- Dr. W, Heuman snd Mr. M. Ouecl . Seversl of the szmnles collsceied in each

« area wers analyzed for fluorine content by Dr. F. Smiih uging » nmod ifich
a £ ;
. tion of the Uillard end Winter 4is$illation and thorium alizarin $itrstion.
e, . .

bl

The resulte obirined for sach of the zrses surveyed are giwen in Tables Vie

- VIII in terms of concentrations of %ergii?um ar flusrine ner cubic mat@v f
alr. Table IX.shawg_%hé perticle-size mres disiributions obtained with $he
4 Vodifisd Cascade Immactor 2% each of the avsse.
. Beryllium %ﬂe%él Purpees. Ag shown in Table VI three mts@m.tionél vhaees of the
: baryllium matal fornace wers szmoled. These Included the ﬁaﬁ?ing nericd, the
coke-removel wmeriod, and the impedists veriod afber operations. ALl of the
4: gamnles taken during the mouring and soks-rezawrl perleds excendt for ssmnles
;j’ No. 5, 6, and 14 were %sken from nositions of frorm 3 %o 6 fest in froné of the
. furnage onening. These samq éﬂg nositions corvesmonded o the oass in which

the wouring opersticnz,

the ren engeped in the overation vers working. -
the Pilter Paner and the Cascgﬁe Imosotor savples ghowed 2 rangs of beryiline
concentrations verying from 1.43 %o W71 mg/fe”. The imvinger sarle covrres-

ponﬁin} o %hﬁﬁ%ﬁ:ﬁ%@zﬁﬁ vielded & significantly lower concentration walue of

e

0.29% wp Eefmjﬂ The beryllium alr concendreiions decvessad during the coke=

.
3

removel peried as indlcated by walves of 0,110 mefms obisinsd with the ?51 taw

- Paper Saurler and 0.933 wgfm3 obtalined with the CGeseade Impacter. The iwninger
calne showel this deorssse snd alse sigeificanily lever sonvenbrriionsz than the
X
S obthar methods; a rangs of valose of Trom Q.05 %o 0.082 mgfmg were foupnd .
x ;ﬂ

Y

{2} Atomic Bnergy Projsed, Unlvar:




Table VI, Ais-Dust Concentrations at wo.u.v&.uuu
Metal ¥urnace of Flant B

fhase of Sempling
Operstion Methed®

Sample Analygis
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Gafrespcndingly the impinger values snalvzed for fiuoride showed 8 comparatively
high value of 0.757 mg/mEE Two impinger saﬁnles were taken during the nouring
phase In a nos;tioﬂ over the toy of the furmace. Sample No. 5 analyzéd for
beryllium yielded 1.76 mgfmZg samvls Yo. 6 srdyzed for fluoride 1065\mg/m3°
A filter paper sample taken during the cokte removal from 2 vosition lﬁvf@et
fiom the door qf the furnsce fenm shewed » fluorlde corcentration in the srme
range as that obinined within the furnace rvem (0.387 mg/m3). A similar samvle
tsken in the immedinte perlod afier onernitlons indicated a dscrerse in fluoride
concentration to & value of 0,063 mgfmga

All of the nariicle-size mass distributions obirined within this area
showed an étyﬁicaz form of ﬁistribuﬁiﬁn fndieating a mixtgra of dust snd fume
sizee. The size-mass medlans and 90%-aize 1lmiss giv@m;in Talhie IX show simiﬁar
values ohtainaé for the %we phases of the cveration. Median walues of 0.88
miera and O.8% micra were ﬁb%ﬁined at the nouring 2nd ccks-rempval operatlons.
T&e gorresvonding 90%-size limits were 1.72 2nd 1.12 micra resnectively. Tor
the pericd af%erbtkﬁ aﬁé?aﬁiéﬂ in therar@a of the room outside the furmgea

room, larger narticle eizes wers found. 4 mase nsiian of 1.47 micwa end s

9%-8ize 1imit of 5.% micys wers obisined,

Beryllium Fluoride Furnace. 4s shown im Tadle VII | two overntional vhases of
the beryilium Tluoride Turnsce were sswwisd., Thess includsed the nouring veriod
end the nericdiimnedistely of%er overations. Starting from vositions approzis

mately 3 feet in front of the furneec onening, semrles ware taken during the

£

® vs ~ ’ .
pouring nericd at varyiag distences sxfending inke the ouber alley of the

3

furpace room to spprozimaste the ares cecunied by the m=n engaged in thls opers-

igher values %han

$ion. Iun the esse of ihis area,

those collscled with the Filter Paver ust Saempler. ZSemples ecolleched with the
Cascede Irouscbor wers in the apnroxipete range sg these eollected with the

k4
s i 8 P €% (55 G O OVTEY gope wu arawm b dmad
impingsy. Ceoneendrations ranging frowm 0,065 4o 0.070 wg Bafm wore ehiained

Q@
v
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62 Tect from the furnsce onsning showed very. low ?&Eaeg of from §.002 ~nd §.009

e mefnd.
oy ’ The fluorids zoncenlration in this ares was of the order of one thousand
times that of b@?wiiiﬂma A walus of BE8.2 mgié5 wag obbained for en imwinger
sample collected in the Z=Toot position vhere Be e@a#@n%rations rsnged from
0.059 to 0.082 mg§a3b Corresponding %o e low Pi1%er vaner Saryiiium samples
. . at & to S foot poeition, the filisy paner ermpl alyzed for fluoride else
‘ ‘Ashawsé a r@lé%iVﬁiy high filnorids velue §2°E§'mgim3§c An impinger samvie taken
. from a pesition 20 feeb cbove the furnsce yielded = value cf 64,1 me fluoyiﬁafmS
’ :; ' which is of the same ordsr s the walue obtainsd in fromt of the furnsce. Samnle
J;j ¥o. 13 %akaﬁrin %hé ar~ of the outer ﬁiéwy immsdiately éfter the vouring cpere-
. $ion shows the lowest Tlucrids %ﬁlme chiained. This wvalus of 0.7%2 mg{m3 howvaver,

iz %31l larger than ssy of the bsekyllivm goncentratiéns obtalned.

. ' " Beth Qf the pg?%iélemaizg mags Gistribubtions obitained during the nouring

. o~ _rrtion showsd normal .‘5;‘;\:3":3@5 of Aistributions when analyzed es beryllium, Ag
shown in Tg&la IZ similsy f@sﬁlt@ vere sbtained in both cases, the mass medians
wore 2.60 and 2.7%2 wpicra. Corrssnonding geometric standard devisntions wers
202?_6nﬂ 2.2, The sammle taken imrmediately after anerétioﬁs and analyzed in
germs of fluorids show this materisl %o be nresent largely'in the form of
extremely small gizes. Aﬁ-atypical distribution wes obteined in which the mass

median size indicsted a velus below 0.1 wiera. The 0% size 1imi¢ for this

s samnle was found %o be 1.5 micrs.

“
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Beryllium Ore Trealtment. The wmesulles ¢birined during the perled of operation
of the rotery kiln drier are given in Teble VE I in tevms of beryiliuw and .
fluoride;air cencen%rations“ Semples wers ealle@%aﬁ at varving positiong in

this arm ranging from 1% fee'c in :f‘mat ef th:e discharge eﬂa of the kiln %o the

elavated remmn on the far side of the area. Excoph &

samples collected In this ares inmdicsted lower wriuss of Poryliium concenirae
tions thsn caz‘r@snmmlug values ovsalnsd wi";»h e Cascade Inpsclior and the

Filter Paper Dust Samnléro In terms of fivoride concentration, hovwever, the

impingér gzmples gave higher values than thase obtained with the other methods.
The beryllium dust concentration showed e variation of from *;%,OEO %o 0.528 mg/m3.
over the entire area with the h&g_’:hes% vconcem%m%ioﬁ indicated in the region of
the elevried rammp. | The fluorids-sir concsabrations ‘wem of the same srder of
maf;‘nimada as the b@r‘yl" ium duet @anesmm lons, venging from 0.031 to 1. 17 mg/m .
The results showed the lowest '?al?.w nresent in the lamediate vielnity m“ the
rotary kiln increasing in the a3 reetioa of She elovated rarv.

Normal distrib.ﬁim g @"»%im fer varticlsesize samples taken in this
area., As shown in Tabie IX the mass pedian siges @b@aimd ware very. large

‘razxging from 2.9% $0 10.0 mif:m eorresond im, geonetric siandard ﬁsvia‘aim‘ss ‘

ronged from 2.08 to 2. 7°

Analysis of Beryllium Orss. During %he nlsat survey considersble interest was
aroused in the grm,m; by ths fa@t thet one of the werieties of beryl crs kused

in the nlan$ processes w“s sugneated of kcw‘?saizzing ’“ﬁﬂi&ﬁ'x or other radioactive
substances. According %o m"&.ﬁé’aﬂa FOCCTIB, éz*{. lasst $hroe warliebises of beryl

ore had been wsed in the psriod from 19h3 o 196, A"'mmximately 307 of the

total ore used during 19U6 wne of the smmc.wd vufiaw
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ty of sebtitled dust found
\

Rt ‘ & preliminery fost for redloastivity ves made by placing the ore snecimens

[

: ) sver & shesd of Z-ray fila wrotsated by a Effi inch aardbosrd snvelone. M’%er
sxposure for 22 hours & definite sutoredisgranh wes nroduced with the suspeeted
gre. No %mé@z of radiation vere detsctrble i‘m ths m*zmv ore snecimens.

Ti’?ze ora snecimens and ths es5tled dust specimen were anslyzed ‘for bete

. actigit £ ’. 3 yag;}\‘ -aﬁ-‘-‘!»% o .
activity by Pr. B. Hayes ‘<¢, Table ¥ J‘mw the resulis obtsined in %svwms of

nerecent of ureninm by welsght nasesssrxy %o n‘ Aues amivalen% beta activisy.

Hesulis ars alsc given Tor spsciwochemlcrl enolysss of each sa.mnle (Dr. I

~ wad*‘wdﬁqga

In terme of bata mé?ﬁity the susnected wre $type {Baéyl ore A) only
shoved 5 sigaificant smount of E*aé,isga%iwi%yc 411 other gémﬁl_eis showed values
la'wvemugh %o Lae within the m@i:’:gmmé; count or @ur@f of the analy‘éical mathod.

: The smentrogrevhic snalysls concieted of two %ynes; & rough gualitaiive

, . A anclysie and &

For the qualitrtive ansiysie »11 samnles showed the nresence of Yeryllium,

%

» accurate, ouantitetive snplyeis of the immortent constituente.
' ']

%

aluminm, silicon, znd small $races iron. Mone of the s*mnles showed sny

detecgable amounts of arsenic, caduive,.mercury, or thallium. Although the

= Leryl ore srmvle A and the settled ore dust both showed the nrasence of lead,
;o only the ore sample A contained ursnium and other radicactive materials.
The suantitetive sneclivegravhic emelysis of 511 samples showed the bery-
‘ {3) Service Division, Department of Radiology, Atomic Ynergy Project.,' Rochester .
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- r ! . ¥ [ - * “ . 1. RTINS v
rwx* Table X. Analysis of Beryllium Ore Samples at Flant B
@ Trenium by weighd _
Sample. Daseription of negassary %o produce . Specirographle
Semple gquivalent beta activity Analysis
Irregnlar erushed rook : Qual. = Be, &1, 8%
Beryl ors Pragments and crystals, light 12.6 Praces Fe
A% sarth brown siresksd with wuant. - 5,0% Be
yellow Zroad, h.0% U
. G.4% Th
: . : Q.4 Fh
Irresular erughsd rock Qual, = Be, a8t 8%
Beryl ore Pragnenta anud eryetaly, pale. hese than - Traces Fe
% srensiuncent Llue strealzed 0 ..004% ANt~ 4,85 Ba
with white svartz {(wuea bervl) v
: Irrapular grushed rock . : Qual. = Be, AL, 3%
Baryl ore Pragments and orystals, mixed Less than Traces ¥s
M Light earth brown and pale G o 0ONS Guand .= 5.0% Bs
green, infiltrated with
guertz and mice
o Light earth brows showing . Gual. = Pa, AL, 3%
Settled pany queriz-iiks erystals. Lesa than Tracss Pp
ore dusd Aboub 200 mesh sizs O 0.006% Quent.- 4.5% Da
{Proceseing v ' . 0.03%%5
POOm)

e Ty

» Ore suspected of aoz«mws»bm.wm@»omoaw4m materials




" ’
‘ ; aeryl ore samvls & showeld

. znd lesd. The lasd ore inaigniticsnt »ith &
"% yalus of omiy 0.0%% ‘ | ' |
- ‘: " Discussion
. The moz?l e of the héry}limﬁ
) metal furnree gperatione raég
. rosent short exposure verliods of $he ovder of 5.% hour or less, the results

obtained in this swrvey indicnte of beryllium-sir concen~

‘ " %rations may be toxis.

2

> The relatively hish flucr

preas are of verticnlar signifisance

: - The resulis obiained shaw:%h?% for eun indusirial hysiens survey involving
' v bei‘yllimn gevernsl fynee of sgamﬁl\inﬁﬁ@viees are reoquired. For the insclubls .
; beryllium dues, the Filier TPover Dust Samnler and the Cascnde Impeotor ZoTS
be?t@r a@ﬁégﬁ%rﬁ%iﬂﬁ valuaes than the Midget Imminger. In the case of fiuorine
- concent?atien.anﬁ @hé soluble b@éylliuz fivorides, hovever, the results indl.
5 , ﬁate better values were obisined with the Midget Imvingsr. Ixcellent par%iélaf
5 gize ?eéulis were obbained with ihs Csszeade Impactor; however, geveral prelime
- inary sam?lés bsken aﬁ gla§s ¢lidss in the furna@a:arﬁas indiented the nrsa-
. ? snce of maﬂy fume sizes and sgpresstes of =vall marticies. This indicates oo

nacessity of further study of sueh sress using o instrument guch

as the thermal praciniiater.

o
"\
oy
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The presence of r‘adioaé%ive materials s'}}owing the high beta activity .
characteristic of beryl ore Tyme A indicste é considerable radon and thoram
hazaﬁn The absence of this activity in the nrocessed ore dust suggests that
tht; radionctive materisis are removed during the first operations (erushing,

and preliminary hest treatment) or that ore of the tyoe considered was not

being processed during the paricd of the Decsmber , 1946 survey. An sddition=- ..

rl zioint of intersst is thet ne epecific h‘isto?yﬁf poispn}ng has been reported
in the pm»preceésing arez. These results suggest the nossibdility of uranium

‘and other radiocactive materisle acting symérgisticany or predisposing the

cases of scute beryllium peisoning reported. Further study of this aspect of .

the preblem is indieatsd.
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A REVIEW OF AWALYTICAL METHODS FOR BERYLLIOM

William ¥, Hoeuman

i

ABSTRACT

Prosedurss for the analysis of biological specimens for -
content of beryllium are discussed, Two eclorimsirie, one £luorsg-
cent, and the spacﬁregmp&m methods ave presented, together with

data on the aecuracy, sonsitivity, and specifieity of each,

The advanteges of and azperimontal procedurss for the use )

of vervilium isotopss are slso reviewed.

;?@M vy %m euw/

Tiiilian ¥, Newmen -

THE UNIVERSITY OF ROCHESYER
Contract W-T4Cl-cng-49 : ' .
To Be pressuted at Saranac Symposium .o Sept.29 - Oct.3
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A REVIZW CF ANALYTICAL METHODS FOR BERYLLIUM

" In this review, amiy%ical procedures for beryllium am 40 be con-
sidersd, with euphasis on the emalysis of biclogicel specimens. In
dsaling with biological materials, there ave a mumber of limitations whieh
have 1‘:0 be @oﬂsiéefad before any analytical procedurs ean be eritically

evaluated,

In the firat plaee, the LSO ie imporfant in detemining the sensi-

tivity required of any analyticsl procedurs. Beryllimm administersd in"sme_e |

venously is very tozic; the LDSO is &pﬁmximt@ly G.36 mg/kg. Thus, for
diseﬁtmiog and @%gé@ti@n experimonts, ©ot move than 0.2 mg/kg san be
administered. A% such & dose levsl, many tissuse mey be expected to
contain 0.1 e/e o.r' less. Thus, any pmc%am; $0 be useful, must de-
toct with aceuracy, much less then ons microgram. 4 . |
Jecondly, sincs thers are a host of othsr elsments present in any
biological sample, the method mush be highly specific and not subject to
interference by ralativeiy large pmp@r%iéns of similar and aisamla:;
elements. . | ' o
Thirdly, since the high order fs_axicity of beryllium requires that
ultra micro tschnigues 1‘3@ applied, rigorous érecaui;ions mist be ezercised

in all phases of the a*&udy %0 insure against possible eontemination,

’,

Oﬁe of the %echmical difficulties atlending the analysis of beryllium
samples is the volatility of the chloride of beryllium. No conceivable
chemical method ean bs expected % give reliable resulis unless all organic

matter is first removed. In our marmmé, temperatures ss high as 600°C

v

b

W
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Neuman, Wo - | - '

are required to give complete ashing of most tissuss. BsClp boils at tem~ -
 peratures over 400°C. Since all tissues contain fair emounts of chloride, ’
varymg quantﬁ;iea of beryllivm will be lost in ashing. Urine is particu-
~larly troublescme in this respect.

Two alternative schénes for ashing are evaileble, Semples may bde | L
wet-ashed in sulfuric acid {Ejeldahl proesdurs); in this method all
shlorides are distilled off befors fthe' ¢emperature rises sbove the volatility

ot B@Glge Althouzh this procedurs has nod, as yet, been tested in our

laboratory, no ’;echnicsl difficulties aré to be anticipated. In general,
wa%oaahgng'techniquea are tedious. Aec@rdmgly, & procedure developed

7i’n cur hb?rgtory offers smaa‘advaﬁtageso ‘I'hé‘ sample 1; placad'in a
Dplatinuk erucible tegether.ﬁth 2 g of sodimm pyrophosphate, and placed in
a muffle furnace. The tmpemiure is reissd slowly and left at 400°C umtii T *
all carbonacious materisl via burned off. The semples can be dissolved with -

the aid of heat in small volumss of 20 HCl.

Analyticel Metheds

Two chemical, one fluomasent,, and the spectrographic methods of

beryllium have been studieds . :

°

1. Colorimetric ‘
Refersncess Ouesi, M., Monthly Reports, 1947, Rochezter s
Fairhall] Bull., 181, Wat'l Inst. of Health
The method of Fairhall (NIT Bulletin 181) wes studisd in detail. .
Sevsral difficulties were sneounterad with +he procsdure as reported by

. Fairiell., The veryllium sample was mized with 1,4 dihydrozy anthraquinone,

& sulfonic acld in smmonium acetats bulfer ot epproximvetely pH 7.0. A red

solor is producsd in conbrast %o the yellow blank. Y control was found

~9

)

~N
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Neuman, W.
%0 be eritical and, since 1% iz s well<known fact %ha%.ﬁhévammanium 260%=
ta‘ﬁe doés pot buffer et pH 7.0, histidine hydrochloride waz substituted.
Heating'appearea 0 necessary for full coler development. Spectr@phote»'
'matric gnalysis of tb~ eéler of %@@‘blank and a beryllium sample showed
that meximum semsitivity is chtained if light of = wave length of 575
millimicrons is employed. The limit of doteetion is of the order of 0.5
/%2z. The standard ervor is 12%. Meny subeiences interfsre, smong which
ars F, Fe, POy, and A%, |
2o Cel@ﬁm@%m@
References Kosel, G., and Neumsn, ¥., Final Report M-1865,
' Rochester
Another Frpc@éur@, develeped in ouyr laborabory, untilizes aluminon
{aurin tricarboxyllic acid) as & eolor reagent. Dr. Rothstein haé néticed
that beryilium inbterfered in the detemmination of aluminom. Further study
showed that this resction could serve ag a methoed with some adventages
gnd somshdieaévaétages, ag. compared with the Fairhell procedurs. B@ryllium
15 mixed with aluminon at pH 7.5 in ammoniun chloride buffer, The cilor
produced is read ageinet light of 535 millimicrons wavelongbh. The limit
of detection iz 1 /g. The standard error is about 10%, and again many ;
substaness intsxfers, p@g%eﬁlmly Fe, A1, Pb, V:Qa&, Cu, and ?@ng Pog and F
in excess {10 or 160 o 1 moles) elso interfers. |
3. Fluorescent . N :
References: Underwood, A., Carlson, A. and Neuman, W,
Pinal Report M-1981, Rochester.
Fairhell, Bull. 181, Nat'l Inst. of Health
Fairhell {NIE Bulletin 181) alse reported a fluorescent procedure

for the apalysis of beryllium samples. Again'i% was difficult to duplicate

a2
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Neuman, #.

Fairhall's repordsd results. Variations in the ratio of dye to beryllium
end pH was observed to have pronounced sffect on the fluorescence produced -

by a given quantity of ‘b@rﬁmﬁm. Beryllium was mixed with 1 emino, 4 hy- | ‘ﬂ,r .

b

droxy anthraguinone in diethyl ‘emine buffer 2t 11,3, The fluorescence wes
read on a sensitive fluopimeter buils in our laboratory. The limit of
detection is about 035 /“gm The stendard evror sbous 12% and aszain many

substences interfers, prineipelly Ca, Mg, Fe, Cu, and Mn. Po@ F, and

other common anions offered ne problem—-an adventage of his msthod.

4

Dr. Steadmsn has investigated the ép@ci;mgmphi@ rothod for beryliium
analiaisa As might be expacted, beryllium, having a simple smission spec- M
trum, is an element which is pariiculerly suited to specirsgrephic analysis.
Without %he need of sﬁ@eiﬂ. sensitizers, wery high s@mitivity can be attained.
&n:élbymg féirly standard techniquese-a commereial Bausch and Lemb spece
trogreph, UG carben erc with either platinum er iridiuwm as an internal

standard--as little as 0.005 /Mg cen be detected {2343 8), By shifting

%o another line (2&9&) gﬁae&%@f amounds can bte guantitated, up %o 10 g

The bigésst drawback is BELLST which, for a single 2otermination, pro"bably

» is of ihe order of 25%. No chm@al aépmtitm is necessary since bheryllium -
aistills with difficuity end otber elenente do ot materisily inmterfers. :

s ¥
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Radiclsctops

There ars tém radiocactive 150%03338 of bsx’ylliml which might be use~
fuls Bem and B@,‘,o The principal éiff;cul%y in the use of both of these
~is that of obtaining semples of sufficient activity. B@fyllizm has 2
small "oross~sestion” and therefore requires long bombardment time. For
our pumesés, Ba? wais‘ move wseful. This isotope ia‘ produead principally
by the b@;sxbaidmﬁn% of 14 by protons. Simes it is a Srenamtetion reaction,
pure 1soﬁepie ‘berylliﬁm 4ia obiained and the gemples may be dliuted with
inert carrier beryﬁ fum. to° giva the dssireﬁ Speeiﬁc Aetivity. Bey, iz &
gamma—emitter. Although no gamma comting tubes are commercially available,
almost eny type of G. M. tube will register gemma radiation. In owr labora-
tery, the imnersion type of tube designed by Pale proved o be more effi-
cient than fhé popular éaica—winaow '&ype of tubes

In brief, the essential details of the radicactive teshnique of studying

beryllium are as follows:




Neuman, W.

,1¢ L1 target is bembard@d with a proton basm for gbout 6 hours in
the University of Rochester gyclotron. ‘
ae Semple. is dissolved in 0.3N HC1, diluted, boiled, and filteredo.b
0.1 to 10 mg beryllium ecarvisr iz added plus 10 ng of zing. Ths solutio’n
13 made alkanne with emmonia at ths boiling point. The precipitate which
. forms is filtered and washed with ammonis. -The .szmple ig reprecipitated
without zine, washed, dlssolved iﬁ dilute }EGR., and ﬁentrﬁalized ’cb TH 4 op
S, The sals concentratioﬁ iz adjusted to 0.9%.
| 3. Gemerally one sbtains for injestien purposes 50 ml containing
250 ,'000 e/m.
| 4o A minimun of $0,000 ¢/m ave ‘aeﬁmi._nia%;m@ %o the experimental
animal. o '
5, Tissues are éxciseﬁs dry-ashed, dissolved im 2N HCl, and counted.
Only preliminary distribubion data were availsble in time for él‘eamnce,

therefors we are unable to discuss further the apﬁ)lica;tion of this technique.




Dr. James K. Seott

. | This miterial will be incluled in a fubure Pharmacology Report.

Note: TFigures 1 - 26 are colored slides which are nrot
‘ o included in this copy because of excessive expsnse. ,
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' THE PATHOLOGICAL ANATOMY OF ACUTE EXPERIMENTAL BERYLLIUM POISONING ARD
PERIPHERAL RLOOD CHANGES RESULTING FROM INTRVENOUS ADMINISTRATION OF BERYLLIUM SULPHATE

¢ | The lesions produced in the orgens following a single intravenous
administration of lwérataa berjl]iim sulphate ars describved. The 1esiona
of the lungs and eyes of animals exposed to the above compound are reviewed.
Sﬂhentm beryllium sulphate is given intravenously, midzcnal focal necrosis Yo
of the liver cells, necrosls of cells of the disml- one-third of thé proximal |
convoluted tubules of :khe kidnoy and degenerative éhangéa in thé cella of
the hemopoletic sgrétem are produced. Folléwing exposure of animels to

beryllium sulphate dust (100 mg/v?, & hours daily for elsven days), inflamma-
tory pulmonary lesicne are pro&uced which vary in in*'uensity with different
speciez., Pulmonary edema, a terminal bronchitis, and focal atslectaeis are
the most commonly cbssrved lesions. The eyss of soms species exposéd to
this dust devalop conjunc‘hivﬁ.tis, keratitis, and corneazl ulcers. |

‘ Following a2 single intrevenous &;&m.niatratién of beryllium, gulphate,
rather gharp changes occur in the elements of the peripheral blood. These
consist of a secondary smemla (probably resulting from intravascular lysls ‘
of red cells), a laukdcytosis, and an increase in the number of circulating .
platelsts. | ' 1

James X, Scott

THE UNIVERSITY OF ROCHESTER
Contract W-7401-ong-49
To presented at the Saransc Symposium Sept,25 - Octo 3, 1947,
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imental Berylliun P@mf;%

Introduction ‘ | e
’i‘he gross and mieroacopie daacﬁp‘hiﬂns to bs given below have to do

mostly with the changes occurring im tissues following administration of
hydrated beryllium sulphate (Besoé.zgﬁzn) by inkalation, or by the intra-
venous and intraperitoneal routes. Since beryllium mlphate acts locally

~as an ﬂrritant causing an inflammetory reaction and sometimes necrosis

{e.2. Pollowing subculancons administration), ome muscht distinguish betwesn
the eha.ngea resulting from generalised toxicity end the local regponse guch
as occurs in the lungs when the compound is inhkaled. Beryllium sulphate has
bsen uged almost exclusively in these etudiss \beca.u@s it can be obta:l.nad in
rathsr pure i‘om and beeanss there is little reason to think that the
sulphata ion would m&ify or mask the reaeti@m of the tissues. The rat has
been uged for mest of thig work. Imn gemeral, tissm changea were appmxi—
mate]y the same in all the speci% reeeiving beryllium sulphate intravenously,
although it should be noted that there were csnaidera'ble differencss in the
dosages requ:u'ed to ki1l animals of different epseiea. The mtensity and
even location of leaions varied somewbat with the dosage, tharefore, some
statement concerning toxic levels 'shquld bs mads. For white female rate
weighing 175 - 200 grams, the imtravenous L.D, 50 for beryllium sulphate 1s
around 7.2 mg. per xilo (0.36 mg/ks. of beryllium); a few al.nimale have died
at 6.0 mg/kg. end survivsd st 8,0 mg/ke. |
Grgsgv Findm 7 .

Little was found groesly in the organs of animals dying following
intravenous administration of beryllium sulphate. ?Eﬁenllarge doses
(30 = 60 mg/kg.) were given, petechial hemorrbages on the ’serous"sm'f'aeea'
wore seen; thei'e wag usually a considerable increase in pleural fluid which .
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sometimes vwas bloody, the spleen was enlarged spd deep purple in color.
Following administration of smaller dosss, avound the L.D. 50, none of
these éhangee,ware seen. Jéxméice weg observed inm all rata"*dy:lng three

daye or more after a single intrevenous edninistration of Eeryllimn sulplmte'.‘

Mioropeopic Findinge

Livers The most comspleuous pathological festure following a single intra- -

venous adminfetration of beryllium sulphate was a nscrosis of liver cells.
When lavge doses were given, the necroeis was found vithin 16 - 18 hours;

with smaller doses (6 mg/kg.), it was not histolegieally clear wntil the

‘third day (72 hours). The oxtent of the nécrosﬁ_s also varied directly with
the dosage. Only & few of the rats that received 5 mg/kz. have shown liver
nécrosia s all that reesived 6 mg/kg. have shown nscrosis. The earliest

change was observed in the nid-zonal portion of the livar lobule and consisted
of a small fncus of cells in which the cyboplasm assumed e homgenemm
eosinophilic stain and the puclei bocame pyknotis (Figs. 1 and 2). The emount
of necrosis may vary from & few scattored small focl conaisting of only a fow
cells to almost complete necrosis with only a layer or two of viable cells
around the portal ereas (Fig. 3). 'ﬁsﬁally there vas no inflammatory reaction ‘
about these necroses; rarely, small areas of neutrcphil infiltration |

(Salmonella) wore obaerved

~ The ligusfaction end absorblion of the mecrotic cells proceeds rather
slowly, usvally requiring two to three days. During thie peried (from the
3rd to 6th days after a single intravenous admiﬁistration) s One sees varying
nunmbers of necrotic colls and a?aas in which cells have been absorbed (Fig. 4),
lsaving foci of elosaly packed vasctﬂ.&r sinugoids and stroma. These foci

1Y

consist of a stroma of reticulum end collagen in which endothelial cells from .

\o
o

, A
. : 43\
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the sinusoids, phagoeytic cellé s and a few grammlocytes and lymphocyles are
&éen (Figs. 5, 6, and 7). Thers aeemd to be no increase in collagen and

at Ieast following a single iﬁ%raveném edministration, no porceptible
permanent‘ scar hag been‘feamd; There was no evidezrﬁ injury to tha collagen
or reticulum (Figs. & and9). The phagaeyticb cells mentipned above contained
a yellow pigment ﬁhich reﬁain%ﬁ after the tissues have pessed through‘ é.lcohol,
but the same cells é@mtain a finely divided 1ipid which stains clearly with
Sudan IV; Since the simusoidal celle of the normal rats' liver contain a
plgment of similar staining properties, i% is impossible to state with
eertéintﬁ whether the pigment was phagecytiszed from degenerating liver cells
or represented s mumber éf clogely pecked normal simugeidal cella.“

The regeneragtlien of the livgr, as indicated hyan increased pumber of
mitoges, usué.lly became evident on the 5th to 6th éay‘ after a single sdminis-
gration of the beryllium sulphete. This proceeded quite rapidly and by twe
wocks, and ususlly in iess 7time, the liver had a normal microscopic appearancs.

The behavior of fat, as stained by Suﬁan IV, is worth memtioning. The
| necrotic liver cells contained a mederate amcunt of finely divided bromieh:
staining fat which disappoars when the cells disappear (Fig. 10). The .'1iver
“eells imediéte]y adjaeent to the foci of necrosis, which with an ordinary |
homatoxylin and eogin stain appeaired normal, coniained a large amount of
coaree deeply orange steining droplsts (Fig. 11). These remained during the
entire peried of liver regenecration and diesppearad scmefbime vetween the 8th
and 14th days. ' o

The irregulsr, nofular, hyperplastic lobules, the large miltimicleated
hspatic cells and the heavy cords of hepatic cells have ﬁot been observed in
livers regenerating after this type of :m;!u'ry; Also, we have not observed
bile canalicular thrombi, an excess of bile in the imterlobular bile ducts

lammetory reaction of the pértal areas go frequently obscrved in W
other types of liver injury. 5941\‘



w: The histolegicel yenal changes were not nearly as oxtensive'
ag those of the livar; howsver, they occurred at a dogage somewhat lower than ‘. .
that which produced liver necrosis. Tm , 6 mg/kg. of beryllium sulphate has
produced definite ‘and constaﬁt_liver necrosis, vhereas 5 mg/kg. produced only
minimal liver necrosis in an occasional rab; however, at 5 mg/kg. most rets
. show definite renal chaziges on _fhe z;'m or 5th day. Also, the smount of damago
to the kidneys has not seecmed ‘te be anml to dosage. This may, perhaps,
be beczuse with high dzés@a the rats die before the renal damage ‘has reached

It mighi’. bs noted also that the most severe renal changes have
besn observed in rabbits which bave inhaled ‘b@z'yliim sulphate as a dust.
The remal changes seen were almost entively iimited to the distal portion
| of the proximal comvoluted tﬁ!ml@; ﬁa@@ver, in sems few aniinala, changes have
been observed 10 a lesser extent throughout the entire proximal convoluted - CT
tubule (Fig. 12) In the case of the rabbits, sswe changes were seen in the
descending 1aops of Henle and :t.hare was considerable dilatation of 'the
collecting tubules. The lesion consisted of a scattercd necrosis of the
epithelial cells. Tho firet change observed was & change in staining reaction ‘
from the ofdinéry finely siippled pimk eytoplasn {eos}inv étain) toa deeper
hoﬁogamua reddish color. The xmcléﬁ. of such cellas bscame pyln:‘totvic. Such
cells could bo fo@d stili lining the tubule and ap;#a:e’sntly rosting on the
bagement membrane. These were soon desquamated and wre fowd in the lumens
of the tubules distal to their origin. Epithelial casts are occasionally
seen (Figa. 13, 1/, and 15). |

Hemopeictic Systom |
- When beryllium sulphats was ddminisfered to rats in large doses (30 to

60 mgfiz.) the spleen boosus enlarged, emgsrged and purple in color. /\3
. _ o
4




=5~

Bicroscopically, such a splesn ghowed extensive engorgemont of the sinusoids
with bleood and £luvid, and a merked decrease in the usuval muwber of mucleated
cells (Fip. 16). In such an organ, gmé secs nuclear degenerative changes.
The lymphocytes showsd a clumping .af nuclear chromatin at the periphefy and

this is probably followed by karyorrhexis, sincs abundant amounts of nuclear

debris could be seen throughout the red pulp. The Halpighian corpuscles
secemed to contein many fewer cells and no sctive germinal centers were
observed. In animals receiving deses of borylllium sulphate around the 1.D, 50
or less, the only_ change that has been observed was the presence of nuclear
debris in the phagecytic cells; since this is found to some extent in normal
rafs s it is not thought to be significant.

The bone mérr@w showed a granulecytie hyperplasia. With the higher doses,
there wers degenerative changes in the nuclei,

The lymph nodes showed 1little detectable changs, except with high dosss
some degencrative changee wore noted in the muclei of the lymphocytes.

The effects of beryllium sulphats on the hemopoietic system cam be better
studled by changes in the peripheral counts and in the marrow (Vide infra).

We have only had opportunity to study thie problem on the ecyss and the
respiratory tract in anmimals which inhaled sprroximatsly 100 mg/w’ of a
beryllium sulphate dust for eleven days.

The guinea pigs and dogs showed the most extensive and frequent ocular
changes. These consisted of a conjunctivitis with the usual microscopic
picture of an acute or organizing inflammstion. In many of the é,nimls,
there developed a keratitis of rather severs degresc coneisting of vasculari-
zation of the cornea, devsl:)pmént of gramulation tissue, and frequently
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rather mevrked ulcsration {(Fig. 17). In some animals, a purulent exudate was .
found in the anterior chmbex , Walch was accompanied by a mild uveitis (Fig. 18). ,
;K_'he lumgs of all the animsls showsd histological changes; in some species . -
the leslons were few in n@:»abc—:r ard not diffuse; in others the lesions wers
more widespread end frequently imvelved most of one or more lobss (Figs. 19
and 20). An inflamsatory exudate in the lumens of the terminal bromchi has
been found im all specics. There was a cosgulated exudate in which muclear
© debris was Pound--the latier probably eross fr@g digintegrating gramulocytes

and bronchisl epithelium (Figs. 21, 22, 23). Socuns suwerficial uleeration of

bronchial epithelium wes frequently present which wes accompanied by bronchisl
epithelial prolifafati@n {Fig. 24). Somo steloctasls, usually involﬁng enly
isvlated lobules, was seen. In soms spescies,; there is‘a fairly marked pulmonary
edema. The gramulocyiic collular exudate so freguently found in other inflamma-
tory processes has not boen particulerly prominent: The alvecolar sacs umally
contained a few largs phagoeyltie cells amd the bromchi contained a feow
granulocytes.

Yo pulmonary fikropis hos h@én observed in any of ths animals studied

thus fer. Howswer, cccasiomally fibrobiasts heve been ssen growing inte the .
lumens of the bromchi (Fig. 25).

a nﬁmbsr of animals receiving beryllium compounds or beryllium metal
intratracheally or imtreperitonsally have shown psculiar blwe staining ’

structures (Fig. 26). The origim, development, and disappearance of thess )
bodiez are not understosd. - . ..

Y




Fig. 1. I-2372. R&% gacrificed 3 daye 2 tev roce iving 6 mg/kg. of
: beryllium suiphate., Shous s‘mi‘? mf.%‘:mm necrosse, the @a?? lsa%
‘ o liver chmga noted at thisg dogsgs. X 120.

Pig. 2. Y-2372. High power of above. X 400.

Fig. 3. Y-2053. Rat sacrificed 5 days after receiving 21 mg/kg. of .
LT beryllium sulphate Intraperitconeally. Shows extensive necrosis
> with only 2 layer or two of visble livex‘ cells remining about
the portal ereas. X 120. ‘

e

Pig. 4. T-237,. Bat- sacrificed 4 days after receiving 6 mg/kg. of
beryllium sulphate imtravenously. Shows periocd during which
liquefaction and sbsorbtiorn is cceurring. X 120.

. Pig. 5. Y-2396. Ret sacrificed 5 daye after rsceiving 6 mg/kg. of
beryllium sulphate intrsvencusly. Appsarance of the liver after
liqusfaction of necrotic cells and before rogeneration has
occwrred. X 100.

Fig. 6. Y-2396. High power of Fig. 5. Shows cellular atructure of
closely packed einusoids after the necrotic hepatic cells have
- ‘disappeared X 309

Fig. 7. I-2497. Ret sacrificed 8 days after receiving 6 mg/ks. of
. beryllium sulphats. Ragenaratim is not complete. X 100.

Fig. 8. Y~2507 Rat sacrificed 8 deys after recsiving 6 mg/ks. of
- beryllium sulphate. - Wilder reticulum stain. Shows preservation
. ‘ : v of reticulum. X 100. :

Fig. 9. Y-2507. Higher ma,gni.;'icatipn of above. X 400.

= Fig. 10. Y-237,. Rat sacrificed / days after receiving 6 mg/kz. of
5 beryllium sulphate intravenously. Shows finely divided
C oy brownish staining fat in the necrotic cells and large coarse
droplets of fat in the surrounding viable cells. Sudan IV. X 120.

Fig. 11. T-2507. Rat sacrificed 8 days after receiving 6 mg/kg. of
~ beryllium sulphate intravenously. Fote the lavge coarse droplets
o o of fat in the otherwise normal appearing liver cells; slso, the
- : finely divide& fat in the einusoidal cells. X 120.

Fig. 12. Y-2057. Rat sacrificed 6 days after receiving 5 mg/kg. of
beryllium sulphate intravenouely. Section from the inner 1/3
of -cortex. Note the isolated cells with pykmotic nuclei and b
eosinophilic cytoplasm. X 400. o

gl
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Y2312, Rabbit sacrificed after 11 daye' exposure to an abtmogphere
of 100 mg/m> of boryllium sulphate. Note the marked dilatation of

collecting tubules. X 100.

¥-2311. Rabbit sacrifliced after 11 deys' exposure to an atmosphire
of 100 mg/m3 of beryllium sulphate. Shows necrosis and desquamation

of tubular epithelial cells. X 120.

¥-2311. Higher magniﬁ.eation of Fig. 14. X 400.

. ¥-1781. Rat sacrificed 3 days after receiving 60 mg/kg. of
beryllium sulpbate intravemomsly. Shows the congestion and edema

of the splemic pulp. The maryin of a Malpichian corpuscle is seen

on the left. Note the aburdance of nuclea:f debria, some of which’

has been phagacy‘tiz&d X 120.

¥-2316. Qx:inea pig;:gmificed after 11 days' exposure to an

atmosphers of 100
ulcer and subscute keratitis. X 100.

of beryllium sulphate. Shows cormsal

Y-2316. Sauwe sectlion as Fig. 1‘7.’ To ehow the pwuient exudate

in the anterior chamber. X 100, p

Y-2314. Guinea pig--szame expogure as sbove. Shows the minimal

involvement of the lung cbserved in this specles.

¥-2311. Rabbit expoéed to beryllium sulphéte under ths same
conditions as the animal depicted im Fig. 19. Note the more
diffuse and oxtensive imvolvement of the lungz in this species,

¥-2314. Guines pig. Same axpoéure as animal depicted in Fig. 19.
Section is through one of the small foci of reaction in the lung.

X 120.

Y-2311. Rabbit lung. Exposurs to beryllium sulphate under same
conditions agz above. To ghow type of pulmonary response in this

¥-2318, Culnes pig. Exposure 10 beryllium sulphate under same

conditions as above. X 180,

{

¥-2320. Rat. Exposed to barsrmtm sulphate under seme conditions

as above. Shows the bronchial epithelial proliferations.

X 120.

N4
,.{s)
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Fig. 25, 1-2326. Rat. Expos:d to beryllium sulphote undsr same conditions
as above. Shows organization of broachial exudate. X 120.

Fig. 26. 1-1750. Rat sacrificed 7 days after rsceiving 100 mg/kg. of
beryllium metal imtratracheglly. To ghow peculiar "blue bodies”.

Note: THIS COPY DOES NOT CONTAIN FIGURES 1-26 BECAUSE OF‘ TIME AND EXPENSE
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Periphoral Blood Chences Reeulting From Intrevenous Adwinietvation of Pervilive Swiphats

Thq interpratatién of changes in the blood slements after .admmiatration.
of bveryllium sulphate by routes other then the imbrevenouns is éifficﬂlt or
impﬁssible because beriyl‘_lium acts locally as an irritant. When administered
intraﬁenously, there iz ‘m local inflammatory reaction and any chongos ' ‘ oo
occurring must result from gammlizmd ‘action of the compound which, aﬁ’lgasi .
for a period of ts.m, is earfi@é to most of the tlissuss of the body. |

The procedure in this @xpe.?imsm was eimply to follow the blood counts,
usually daily, for two weecks or longer after a single intravemous injection

of beryllium sulphate. The doscs of bsryllium sulphate tetrahydrate wers
7.2, 5.0, 3.0, and 1.5 vg/kg. Eight rats wers used at each level. The various v
‘charts below indicate the average covpts of the different slements from the
‘eighf. enimals é‘h each lasvel. ) |

The red counts at deses of 7.2 end 5.0 mg/m ghowed a slow elevation
during thsA Tirst 3 or 4 days after administration of the beryllium sulphate; )
this 1s followed by a precipitous drop in count which returned to normal about |
2 ggeka after tho injection. Om about the 4th day after the administration,

_ there is a rapid increase in the percentagé of m‘aicnlocyteé and nucleated

~ red cells. This anemla end reticulocyte response failed to develop in animals -
' receiving less than 5 nag/kg {Fig, 1)
- ¥o definite statumeni can be mads concerning the cause of this anemia.
Huwever, it mld appear that dm-ing the period of 3 %o 4 days following
: gdministration of the compound there occurred concomitently & hemoconcentration
an& an Iintravasculer lysis of red cells; this is followed by a return of the
‘plaspe volume to somewhsre noar normal. The hemolyg;is with resulting anemia - -
mst have begm at the time of administration of the compound since the |

-reticulocyte response occurred on the 4th day.



B

”

There was & marked increass in the total whits cell count, reaching a .
peak on the 2nd to 5th day after admﬁnistratiea of the compourd. This |
T 1eukoeyt‘oeia was a resuit of s.n' abaéluﬁe incrsase «f neutrophiles. T!:e ‘

. ; ‘ number of neutrophiles increased from around a norsal of 4000 p‘er; cuble mm,
to around. 22,000 per cubic mm, “I‘he count than gradmfily decreased and on

Yoo

_ the 9th or 10th days spproached mormal., This isukoeytosis occurred in all
animels at the lovels of 7.2, 5.0, and 3.0 mg/kg.; at 1.5 mg/kg. only about
one half of the animels showed this change (Fig. 2j.

‘ The most interesting chengs occurred in thé platelets. At 7.2 mg/kg.

| a zharp drep in the number of platelets eccurred on the 3rd day, the loweat
'point mé reached on the 6‘5;&1, following which thers was a gradual increase
which reached normel sbout 2 weeks afier administration of the beryllim
sulphate. When doses of‘5.0, 3.0, and 1.5 mg. were used, the platslet
résponge éag exactly the Qppesite, A% 5.0 mg/fks. thsre was a slight depression

 followed by a rise on the Z,th dey which reached a pesk of almost three times
the control level on about the 7th day; afier this, the counts gradually
. degfeased , approaching control levels after 2 wecks. At le?elé' of‘ 3.0 and

1.5 mg/ke., no initial depressicn of the count occurred, and the coumts began
increasing 24 hours after edministration of the beryliium aulphate and reached

= the peak on ths Oth and 10th deys (Fig. 3).

\30
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ABSTRACT

Fé},lowing intraperionsal _i_njection in ra%s and mice, the LD50 dose
'_ based on ng.uhoui' mortalities was determined for various Be cor.q:oimds» A
few rebbits and guinea pigs were also injected. The soluble Be salta
gave indication of foxicity of varying ﬁegﬁe@; ths inscluble Ys:alta wers
practigally non~toxic. Salime solutions wero less toxis tmn agueous
solutionz. Young (weanling) rats and mios were more resistant to Be
toxiclty thgn were older animsls,
Elliott A, Maynard -

Willism L, Downs
Harold €, Hodge
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CERTAIN ASPECTS OF THZ ACUTE TCXICITY OF BEAVLIIUM FOLIOVING
IITRATERITONEAL WGTIGN :

»

1890 dose de%@mm.nétions ‘based on Qa.oia@z;r mrtalit}y were mede for
various Beryllium céz@oamg by\imraperitonéal‘ igjectiéns in rats and
mice. A few injections were slso made in r‘ab’oits and guinea pigs. The'
results are Ziven in the follcwing tables;

—

Table I. Rats (25 per group) Injected mtraperitoneany with various
: Pe compmm&sa

~ so;ution

Capd. = galine ({3) or_ Aqueous (A) Sex - Age

‘Be oxalate (a) d Mature 5
‘

Be oxyfluoride (&) ? Mature 13

Be oxyflucride (4) @ teanling 2

Be sulfate-anhydrous  (A) & Mature 50

Be perchlorate (4) & Mature 60

Be sulfate-hydrate (a) & Mature 110

ps sulfate~hydrate ’ (s) & Mature 200

Ra metal “ (3) Fy Mature (ao 24-hr. effect

: from 500)

Be carbonate - {A) d laturs {no 24-br, effect
o - | from 500)

Be oxide : {(n) d Mature (no 24-hr. effect

: A : from 1000)

rable IT. Mice (50 per group) Injected Intraperitoneally with various.
" Be conpounds.

Be oxyfluorids () ' 9 Mature 33

(Injection of the LN50 dose of 33 mg/kg. gave mortalzty of 577 in mature;
227 in weanling mies).

Be sulfate-hydrate (a) ' ? | Mature » - 200

Be sulfate-hydrate (8) ? Mature 300
W
v
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Table IIl. Rabbits - Injected Intraperitoneally with various Be compounds.

Compound Dose (mz/kg.) end Effect

Be sulfate (3) 2,6 - no effest over prolonged period; 4.3 and 9.0, )
: died 60 hrs.; 27, died 60 hrs.

Be sulfate () 2.6, died 6 days; 4.3, died 5 days; 9.0 died 4 days.

Bae oxide (A) 770, no effect over prolonged period. .

Be metal {8) 1000, no affect over prolonged period.

Be oxyfluoride (i) l.died 4 weeks; 3, died 6 days; },-died 3 days.

Table IV (uinea Pigs - Injected Intraperitonsally with various Be compounds. ’

Congpound : - Dese (mz/kg.) and Effect (ibrtality)

Be sulfate - (S) Sol, 1/3, 22 days; 10.2, /6, 22 days; 204, 2/2, 4 |

Be oxide {A) igll’;): no effect over prolonged period.

Be metal (S) 1000, no sffect over prolonged p@riodc \ ’

From the above date it may be ssen that the soluble salts of Beryllium
are toxie to various degrees when injected intraperitonecslly and that the
" inscluble salts are practically non~-toxioc when so admipistered. For scme

nnexpl&ined reazon saline solutlons were less toxis then agquecus scolutions.

Young (weanling) rats and mice wers more resistant to the toxiciily of Be

conmpounds then were mature animals,

~
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| PRELIMINARY TATA ON RAT YITH PERYLLIU

ABFTRAGT

AY a dﬁie?;s;?y level of 5, Te ’sulfate and Be carbonate completely
inhibited growth of rabs end caused some mortality. A rickets-like
’ con@ition oceurred in these rais., Food inteke wes reduced by about 50%
. but this did net account for all growth inhibition as shown by a paired
feeding experiment. Rebturn to stoek dled ‘af’cer & prolo&ged_period of

inges‘aion'oi‘ %e galt allomé: rapid but not complete growth recovery.

= Be sulfate wag more joxic to old rate than to weenlings, but with Be

. carbonastes mature rabs seemed to be mors resistent than weanlings. Be
‘ carbonste at a level of 2,37 of the diet cansed soms wasight dspression

e in rats. Bz ratel abt a 10% dletary level, and Be oxide at & 57 dletary

“level @ld mot #ffost the growth of rats.

Eliiott A, Maynard
Williem L, Downs
lHarold C, Hodge

TEE UNIVERSITY OF ROCHESTE
Contract We74(0l=ecng-42 ,
To be pPressnied et the Sararse Symposium on beryllium Sept.29 - Qctoscf'
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 ERELIMINARY DATA ON RAT FRCDING WITH BERYLLIUM

In ords %o obtain some preliminsry information on the effeets of the
ingeatif.m of perylliium, aibm@ rats of the. nistaﬁ strain raised .‘onu:.- om-
colony, were fed varicus dietery levela% of Béryllium metal snd cerialin
Beryllium salis. Bécm@@ of the limited moun% of maﬁi@bl@ laboratory =
space whers »proﬁm* precautions could ba taken %o pmvemé exposure %o

perylllium of othser &xgw&mxﬁéal snimels, 8 well a8 personpel, only %wo rats

pexr dietsry group were fod st one Tims.

Be sulfate (hydrete);

Effect on growth. Two male rais (28 days old; everage body w;eigm 62
o) were fed a diet gontelning 50%\3@ smz.m%@ for & pericod of X72 éayé' a%
which time ons of the &ﬁm&ﬁ Gied and ths othep é@& a&@:‘iﬁ@@&i’er:ma%a
pethological studies. As may be 2een in the sceompanying growth curves
{Fig. 1) a marked deprsssion Qi‘ growth wes noticeable from the very beginning
of the expa:éimm:a A% the tamﬂﬁaﬁié& of the experiment the average body
weight of the rats on the special diet wes 306 g. less then that of the
control rats. Figo 3o _ ] : .
‘ 7 In a repeat experimsnt with 2 mmle wsanling rats l
(age 28 days; aversge body welght 62 3.) one enimal died ot the end of 71
days on the dist and the second one was gasrificed. AL that time the zveress

weight of the experimentsl rats was 234 g. less than thet of the control

rats., iz %o ) » ' . : ) v

Effect on Food gonawmpiiom. Records of food @m@wz@tioa ware kept for
2 male weanling rais (4 wesks cld) on a diet containing 5.0% Be sulfate for

a period of 180 davs. Tho average food ingssted by these rats dally was

about 7 g a9 éi}m}hﬁ’@@ with sbout 15 g for She control rets. Flg. 2 ghows

g;;mwi;h SUTTE

X >
O
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GROWTH' qu AND ROD CONSUMPTION GWV"B POR RATE FED 5% Be sulfate
in the diet
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. Paired Feeding. In order to determine if the depression in growth of
the rais fed s ﬂfiet' -eonteining 5.0%4 Be sulfate was due entirely to reduced
- | food intake, two control rats were fed @a&h d,@ an smount of stock diet
equal in weight to the expsrimental (5% Be sulfate) diet consumed the day
previcus by their 1litter-nate ﬁz‘om@r&o? This ?e@.mn was continued for a’
< period of 68 days. A% that time ﬁh@ rats recsiving 5.0% Be sulfate ir the
diet had average body weights of 91 g- e compared with 133 g. for ths com~
trols; s differsnce of A2 g. Growth ames gre shown i Fige 3. Radiogrephs
. of the experimeniel rats showad a rickets-like condition of the tibiai head |
during the latter pars of the expsriment. (This condition wes primelpally
indicated by an enlurgement of the metaphyseal space). This would seem to
indicate & definite téxie effect foli@mgg the ingestion of _SQG% Be sulfate
by rats. | | | ' '

A Recovery following ingestion of Be sulfate. In order to determins the

extent of recovery ms&ible following the ingeséisé of Re sulfate, tha two

s rats from the abuve sxpefimem_ TETQ réﬁ;urmd %0 a gﬁock dietv at the end of 68

- da,;,,vs.a Fiz. 3 shows tﬂg”s-aﬁfté‘r 52 .d'ailys on 8 stock dlet t?né average body welzht

‘ ‘ of the gxperimental rg@s was A7 g. less thsn that of the controls. Eadlographs

A showsd healing of the tibial head at that tims. Figob I, shows growth curves for
two other ratse that wore returnsd ﬁe a8 stoek dié‘& sfter receiving 5,07 Be sulé,
fats f‘or» a period <f 40 days. }A‘t the end of 100 days on the stock diet theaé

2 rats had aversge body weights 93 g. less than the coatrols.

Effect of singsle dose (2h hr.) feeding of 5.07 Be sulfa‘&é;  Fige 5 showe

thsre was no noticeable effect on fopd consumption or growih of two weanling

A , rats which wore fed 5.0% Be sulfate in the diet for a 2j-hour pericd.

‘ : Age 83 a feotor in the foxiclty of Be suifats in rats., Two male rats

(2ge 173 days) and two male rgss (age O days) were fed a diet contalming 5,0%
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Be sulfate. FTlg. & shows growth eurvez for these mmlso Ak ﬁze end of
60 days one of %he older rats died. A$ that $ime the average bcdy welight
of the two snimels was 222 g. %} compared with an svexage initial weighf of
399 g.; an sFersge loss of l‘?? g In the sixty da? period the 81 day old
rats deoreased from an average initlel body weizht of 330 zo %o 175 803 a
lgas of 155 g. Thue, 1% ssems ithat Bs sulfate is more foxie to older rats
than %o éséal&mgs {4 wesks 0ld). | |

Table J. Rats of various agss (2 per group) Fed 5.0% Be sulfate in the diet.

Average | , . sversge
Starting Age A¥e Bdo Tho  mweigh% Chenge  Moriality
28 days 62 g + 20 go 172 days; sacrificed
28 days ‘~ 62 go ‘ + 8 g 71 days; saorificed
81 days : 330 g =131 g 9) days; alive

173 deys 399 & ' -177 &- 60 days; alive

]

Be sarbonaie:

1. Two wesnling msle rats (ege 30 ésysg: average body
might ély g.) were 724 5.0% Be carbonate in the dist. These snimals lost
walzght steadily ad dled ia 39 end 59 days. Figure ?o Radiographs of the
‘¢ibiel head shousd the seme rickets-like condition in these rats and in the
i30 gc rats (next paragrapk) as was reported above for rats feﬂ 5.0% Be
sulfate. '

4gs 28 8 factor im ghe ﬁafxioﬁy of Be carbonate in rets. Two male rats

(130‘ @ everage initial weigm‘; age 49 days) wers fed a diet eontaining 5.0%
Be varbonsts. Growth curves (¥ig. 8) show that these rats lost weight steadily
oad gied after 19 and 33 days. The %two control rats wers then (age 99 days)
élabad on a diet containing 5.07 Be sarbdonate for a period of 65 déys during
which tims they sustained an sverage weizht losa of’:aﬁbcmt 5 g Figure 8 'In

Table IT it may be ssen that in direct comtrast %o Vthe effest of Bs sulfats as

\,0

11
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given in %£:ble I, maturs rate are scmewhad® wore resistant to Be carbonate in

the diet then are weanlings. "
Table II. Rata of %‘él‘i@uﬁ @geé (3 per group) Fed 5.07 Be sarbonate in the diet.

Averaze ‘ o : Averazs v "
Starting Age - | A¥. Bd. . Helsnt Chenge Mortality
30 days o o4 go | : =10 . ' 3? days; 59 duys
49 days 130 g. =50 & - 19 days; 33 days
99 days ‘ 248 g. * 8 go ~ unons / 65 days

Recovery following ingestion of Be carbomate. The twe mature rats

{aze 99 daye) were rejurned %o a stock diet after 70 days on & diet conislining
5.0%Z Be cerbonate. Those rats (now 164 daya old) irediately neds 8 apurt in
growih and et the end of 48 daysz had made an sversze welght gein of L0 grams

anfimals. Tigere B,

and appeared o be normsl

¢+

2.3% pietary Lév&la.

gffect on growth. Two male rate (130 g. inithlal weighi; age kb deys)

mare fed a diet sontalning 2.3 Be carbonate for o pevicd of LO2 doys ab
the end of which time these snimals had avsrage weight ﬁ@p%esaiam of 53

go when compersd with ths controls. Figure 9.

Be_metel:
Pao weenliag m&l@;‘é@& {age 27 days; aversge body weight 53 g.) wers fed

. a diet contaiping L0Z Be metal for e pericd of 75 days. PFlg. 10 shows that

the experimental rats have grown sgually a8 well a3 ‘he controls.

Be oxlde;

Twe weanling male cats {ags 26 ﬁ&y&g aversge body welght 54 g.) were fod
g diet é@ﬁ%?&ﬁiﬁg %% Pe oxide f@? a period of 33 days. Fig. 1li shows thal
there was po offacet on the growkh of these rats when sompared with the son-
trols. - . g
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PRELIMINARY STUDIES IH TEE TCXICOLOGY OF BERYLIIUM
THE EFFECT OF IﬁTHATB&GEErL INJECTION GF BERYILIUN 1¥ RXPERIMENTAL ANIMALS
Charles W. lnBeils
snd

Hartha Reld (uecci

Berylliuve and certein of its induetrially lmpordant eamp@uﬁﬁg have
bean sdministersd o rals by the intratrachesl yreute a¢ an ezperimenial
iﬁ%fﬁéaéﬁian to the Tiald of inhalatiom toxicity of bveryllium dusts. The
trachzal roulbe pefﬁ?%* known nuounts of tozic wmalerizls o be introduged
directiy into the lungz of aﬁimaﬁg maﬁy@lﬁam% o zore repid appralsal of
puimoenary aaxﬁcﬁ%g'ﬁ,aﬁ is §@Q@ib29 by the more cunbersome inh&lazion stufiss,

In the ab@@mc“ ef 2@@@rmat§@m oo the npaiture of b@f&&liuﬁ poisening in
animals via the lumg, the ivachesnl studiss wors {saigned %o sapply imfurmap
tiom em: 1) the relative toxicitiss (MID) of iﬁsﬁiubla veryllinm daet
suspensions and certain soluble berylli&m eonpovnds, 2) tha typs of

a

rhyeialogienl responss, whether a@&%@ ov chronie, 3) %ba variables whigh

wight aff@r 2 means of appraising 3@?@1v_ﬂﬁ toxteity,

The U8-hour MLD for h@ryiziuﬁ mabel dusd and She inscluble beryilium

cempounds, the oxids, the carbonate, and the cariide, were all greater then

100 mz of matarial per-kg of body welght of rat; that of the soluble

ey

gomponnds, berylliuvm fluerids, sulfsbe, ard exyfivoeride, was 15, 10 a0d 2 wg
rogpectively. ThesSs valuss vers ccuparsble

2

te of such asidic salsa of heavy ?@ﬁ&&ﬂ 85

P

& chioride. It bap Desd @@mgimﬁaﬁ
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» &nd zine sul
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the ingolubie beryliium maierials preduced effecis

a

latter zreur of maler ials 4id not

between this
izz afdition to decrensed growth response, Ezémactaz@g:‘ic changes gave

. grantest ‘pmmim of Jiha inu@“‘?mg eurrgnt injury from berylliusm. Changes

ip the '&}mé pioture .mz?s eonfined chiefly %o i?m’-’@asg@ in the polymorpho-

nuclesr leukoortes. These flndings wers by nc mesns uniform 28 was

gharecteristic of beryliliom polsoning in zeneral im snins 1@- A%t Gegth

i - pethslegicel ‘s‘ém’zgw% in the lumgs of veis ziven berylilum metsl dusd con-
, - 5 4
P . sigtel of an inflawmalo "’“:v‘ rercbion and in zome inztancez necrosis.

At prezent, no aniwal heost hes been found nor methed of producing ths

£

pulnonary $ype of injury in gnimels jdentical wiih thet of men, despiie *ha

g
sl

fa@’* that several spimal species heve bosn lavesitigsted and nuwmsrous metheds

. of meai’f*’aﬁ the pulimonsry exposurs havs ?g%@m trisd,

@igﬁ@@ ﬂ;{ﬁ // df’/l [ //} Jf&,—

‘ ‘ .~ Cherles ¥. LnPella m,, ;;: c
L. N -

7 , : signed /)é'?ff:?/’lcﬁrf&. /gac( &C/&L—»
- _ , S Mariha Baif OCvcel

THE UNIVBRSITY OF ROCHESIER
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. PRELIMINARY STUDIES IN TﬁE fOKICOLOGY OF BERYLLIUM
THE EFFECT OF INTRATRACHEAL INJECTKON OF BERYLLIUM IN gXPERIMENTAL ANIMALS
Charles W, LaBelle
and

Harths Heid Cuced

INTRODUCTION
The experiments ﬁé be descrited in the follewing pages were intendsd

to provide spproximate answers %o a number of gensral quésticns on the
toxiceiogy of beryllium, such s 1)'the rgiatﬁva toxicity of certain ip-
duetrislly important compounds of beryllium, 2) the physiolcgicai response
‘ of the aniﬁal ?063 %o h@rylliumg‘3) wﬁeﬁhsr shis :espan&a‘is an acuﬁe o=
sponse to be séuﬁi@ﬁ in shert-term ezperiments, éé 4) a chronic type of
response %equiriag lgmgatarﬁ'atudieéa and 5) vhat physiclogical variablés
may be measured in exp&rimentai animals which will reflect this resp&nﬁes
This latber is especlally imporéant ié a program of small snimal research,
since the literaturs reiatiﬁg to c&ses_af guspectsd bex&lliuﬁ toxicity in
human b@iﬁgﬂ abounds with refe?encaa to such clinical eymptoms as pain,

: decreased :

malaige,f vital capacity, fatigue, and respiratory sounde, all of which
aymptoms are difflculé if not impossible to measure in expsrimenial animals
and which muet be replaced by ¢ther tesis meors &pplicébi@'tc experimental
animals, o ‘

?ha‘%@@hmiqu@ smpleysd for most of thess atudlss involyed the iatro-

duetion of solutions or suspersions of the materisle %o 5@ studiad ints the
lungs of white rais by injection inte the ium@n @f the trachesa. This

method bee the advantage of lecalizing the meterial in the lupg which is
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;‘sv
ﬂn

the o whi

& often ezrves as She porial of sniry inte the vody in
bhuman exposures withoud reguiring She englnsering sindiss prevequisite 4o

the preparstion of dusiy alwospheres for inhelation studies. The methed

i

alsoc permits the measursement of exact dosage with = precision impossible
to atteln by inhslsilon Sechniques,

Zhe Vessuremend of Yinimel Iethal Dozzage.  When the szetion of a foreign

material on the living body is to be sindled, it iz sosentizl on the ene
hend to administer sufficisnt material te imsure she production of a
phyelological response, and equally essential on the other hand that the

dosage be sufflicliently smell that the animazl does not {dis before the re-

’EﬂOaﬁe may be me agured. 1% ¥ag, therefore, necessary ¢o deternine the

appfoximat@ vala@ of the minimal lethal dsse for each compound studied,

The zeneral procedurs vae as Tollows: Tor s&iahl@' salts, a galiution was

-

prepared approzimately. igaﬁaﬁic with physioclsglical &aﬂi&a solution. Ops and

one-half milliliters of this sclubion per kilogrem of Lody welight wég in=
Jac@e@ iatra%ra@b@aliv inte groups of two vats each., If alther rat died,
the,soi&%i@ﬁ was diluted 133 with §hysiolagical gnling, and one and one-half
5illiliter per & *éﬁagéﬁw of the more dilute solutlon injscted indo two morve

rate. This process was‘r@p@a@sd using successive dilutions of 153, 1310,
1330, 1:100, ste., until a concentration wae reached which killed meither

animel within U€ hours. For imsoluble powdsrs the wat@rial was suspended

" &n zaline 2% any eaav@nisn%bcsmegn%reﬁianqaﬁd the ﬁu@p@nsébas diluted

vhere nacessary with pghysiclogicesl @aﬁin@a The numbsr of animals dying
within 48 bours is shewn in Table 1. The effects of 3 other acidic
galis are given for comparison. The resulis may b@ summarizsed as follews:

I

94"
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Approximate Minimel Lethel Tose

© Mg saltfkilogram Mg metal/kilogram

body weight , body weight

Metsllic beryllium over 200 : ever 200
Beryllium oxide over 200 over 75
Beryllium carbonnte © ovar 100 over 10
Beryllium carbide aver 100 cver 320
Beryilium fluoride 15 &
Beryllium sulfate (a) 10 1
Beryllium oxyfluorids e 0.7
Zinc sulfszte 10 5
Copper sulfaie 2 i

. Merevric chloride -1 0.7

{a) 2scuning a fexmula af 28@@ §Be§§ and vhich clossly spproxia
nated anniyticelly d@tﬁrmineé ?alue@ for Be.

The insolubls beryllium matariaxs. beryllium metal, the oxide,
carbonate and carbide thus exhiblt a very low acute toxicity inm the lung,'
~ while the soluble b@ryilium snlts, the fluorid@,>exyfluarida, and 3he
sulfets, are gomparable in %oxicity $o the héavy metal salés. The dsaths
causad by the socluble berylliius selis appear to b@.%he result of dirsct
méchanical interference with normal lung functiomn., Therefore, any sp@cificD.
toxic effect a particular barylliux compound might have would be ob- -

scured by such mechanical effsets,

Thiftgmnag Studies on Insolubie Goﬁggund@m Each of the insoluble.beryllium
mat@rialswas injected into groupe of fivé rots at a lavel of 100 mg =zub-
stance per kil@gfém bedy waiaht :%iaea an inspluble eompamnd nay requir@
waele or months before it 13 sliminated completely fram the luﬁgs. th@
aﬁiu&qugzilaw@d Por thirﬁy days. Welghts were recorded daily, and whits
blosd counts mads at iﬁ%@??&iﬁ of 1L g7 2 days.

The growih curves, each repressuting the mear values fer a group of

fives anlmals, are shown i# ¥igure L. The only ccmpaund'which.shews\d@finit@
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Hortality ¥ollewing intratrachesl injeciions of
Famber of animele Dvipng Withim 42 Houre -

Table 1.
Beryliium Compounds.
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1.25 of2
1.00 o/2
0.75 ofe of2
0,50 of2 { ofr | of2
0.25 ofz of2
0.10 c/2 | of1
0.075 of2
0.050
- 0.025
0.010
52‘*-"‘
’\)"
qu




=8Y9=

i

Table 1. continued

ngf ke
Metal
Dxide
Carbonate
Carbids
Fluoride
Oxyfluoride
1 Sulfate
Zine sulfate
Merenrie Chloridse

Fume

1 Copper sulfatls

W -
L 4

200 of
1% | of2

200 of5 | 0 | o
% o2 . 11 -
% of2| *'

30 | ¢fs : 2/2 s
20 - | 2f2 .
15 ' 2f2 2f2 ’
10 ’ ofs of2 :
7.5 ‘ ' 2/2 ' 2[2 )
5.0 : ‘ 4 2f2
4.0 /el 2fu o _

2.5 ; : 2f2 1/2
2.0 o ' 0/2 1} 2f2
1.50 ’ : ‘ 0/2
1.25 of2} 2/3 1 .
locc . . ’ l/E sz
0.75 B 1/3 '
0.50 -l ofay 2/n of2 1§ - of2 - -
0.25 - : of21{ of2 ‘
0.10 -t ofz] o]z 1 ¢0/2 ,
0.075 " 0/2 .
0.05% o o/2 | of2 =
0.025 o/1 S
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evidence éf a toxic{reaéﬁion is beryllium cérbide; further examination of
thig compound showed that it décomposes slowly in water to yig}d acetylenq;'
in & hanner analogous %o the ﬁecdmpositioﬁ of calcium errbides The odor ,h.
of mcetylene could be Getected readily in the exhalations of the rate im- .
Jécted with beryllium carbide, and 1t is prdbabla that the response

visidble in the growth curve‘i@‘ralatea more directly to this reaction than

to anj EOre specific property of berylllum per se. | |

The curves represanting the white blood counis for these same groups

"~ are shown in Figere 2. The animsle treated with berylliuvm carbids again

show some evidence of zbnormelity, the mean léukocyt@ count‘rising at one

point to twenty-two thousand é@lia per cﬁbic millimeter. Somewhat curiously,

ihis peak occurs &% a time vhen the weight curvs would indicate that the .

animels had returned o & normal growih ratag ne explanation is efferdﬁ for

this fact. ~ - o | -
in addition, the animals inj@c;eﬁ with netal poéder show unusually

hizh lewkocyte ccunts,'p@amﬁyuccurring at ten»dégm and ab thirty deys. Bo=

exemination of the data and seversl repetitions of the expsriment revealed

" that the peaks are pro@ucedvby one or’twa aniﬁélé rising o sxiramely high
lvaiu@s, relsing the meaa:fsr the group significantly. Thus, in a group
of tweniy enimals baiﬁg gtudied dally, two f%ached maximé ofABQGQOO and
%79006 caila‘resp@ctively at five da&sg‘a third reached BM;GQQ at ten days,

while seven others followed daily for forty days never exceeded 21,000

% Small amounts of bervilium carbide in wabter inm a closed $est tubs release -
gufficient acsiylens over 2-3% days %o produce a flawe vhen lgnited; the -

odor of scetylene is likewlse promounsed.
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. Tsble 2B. Animals Intratracheslly Injected with Beryliium. .
Hbmatoiegical Changes ia Relation to Other Signs of Toxic Damagse

S

® ' 2 |, @
£ 213 |'8 2l a
< £ g | = @ w4 R
2 1218 |ef|s2lat
% Bl & |2 [salugles
. & 4 @ g QB <G8 a8
Group o = & 8 3 22 12% |8 g
2 18 jwlwlw | 2Ri1S8 (2%
Controle 132 § 13.2 (28 2 &9 2.8 1 0:.35] 9.1
All rats expossd '
$o beryilium 261 | 13.9 137 59 5.3 | CoH11i 8.1 .
Bxposed rats during . 1 g
pericds of normal
egrovwth 65 { 12.20{29.4] 2.8 | 63.2] 3.51} 0.33)] 8.30 '
Ixposed rate during R 3 .
pericds of weight : ' :
loss 23 | .98 80,21 0.52] 50,2 7.17| 0,10} 7.55
Bzpensd rats duriag . ;
finel week vefors L
death 20 | 15.80 L8.81 0,70} 50.2 ) 7.B7) 0.14] 8.36




G may net be
sof ficiently grest 4o offact the tolsl wnise esll vount uadoubiedly explaing
somo of the lnconsistensiss obsorved in the while esll counts descrided fa

"’x). A
$he preczding sagtlion.

el

I éﬁ, 3% shows the growth zad morSaliidy curves for a perloed of 250 days

)

for a merigs of %’ glve beryllim-ianjectad rols and ten control animals in-
Jected intratracheslly with salins gselution. Orowdh appe aré to be sezentially
normal, ad% lesed for the Firsi two hundred daye; the Fluctuaiions in the last
T34y fays aré the vnavoidable effect of the lsss of animals from a small
residual group. The wortality ourvs indicetes $hed 75% ef %he expoved group
hae died, compared with none of the control grsup. Since these Iabs weré

lzgs than a yeawr cld af Shs end of the period u$cd~zh@ﬁ and since pormsl

P

mortelity from "old sgs® iz fronm 0-12% g% one yesr for fais im our colory.

this high mortality rate cannot he ascribed %o ¥old sgeY, Several other

saries which heve Desn similarly sreated with b@ryliiums budt for gh&?&@r

.
.

tims intervals, ars ceafireing the carlisr portions @z this mortality curve.

A Limited amcumt of petholegicsl data 18 gvailable for these animals
up %a about 100 ﬁay%* , %@aﬁ injecked iﬁas the lungs of vate, beryllium
model imduces an imf ammaltory reaction safficlently severs te lead %o naswsals
of tisga@e The me%pl ié gradunliliy ranoved from the lung pa?snehyma and gpposrs
largely in the g@é&b?ﬁﬁe hial lysmbatics, some reaching the trachecbronchial
lyeph nedss {whors ibs presence hiss besn confirmed ép@c%r&seepicaliyée o
povmenent scarring, fibrosis, ov gé@naima%aug lesions in %m@ jung have bes

produced up o 100 days end Bo ghengss in azﬁ@f crgang of the body were

% ¥or this we are indevbsd b ﬁ?c Jamee Scatt of the Pathelogy Department

of the Atomic Epergy Project in Bochesder.
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Figure 3. Growth and Hortality in Rats Following Intratrachesl
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)
. femonetrable. The uldinste feie of the injected metsl is 8till uvngertain

- from the subopsy material which is so far aveilable.
Tha deathe Shal sesurred in this ssries of aﬁimaig appearad teo
- follow 2 reasonably consistent pottern. The Serminel welghte for some of ‘the
dying enimals ié_ shown in Flgurs Y4 vhere the ﬁmii‘fmugl eninal weights are
- plotted Tor the thirty days precedinmg desth. It will be seen that although
thé FYOUP 2% 8 wha},é increased in welght {Pigure 3}, %he individual axiimals
108t waight consistently for the month preceding death. The relative and
absoluts polymorphonuclenr sox:m;"a@ for the same pericd ars shown in 'Figur-e 5.
‘ /
. The black circles for the expossd animals represent counts made_’a% the tmeé
i ndicated, vhile the téé. cireles represant control counts mada‘ at approxi-
mately the same calendar dates. iile %hs @@pé'fa%iog b@w@@m exposed and
contrsl @11&&39 is not without some overlapping, the tendsncy toward high peiye
morphonuclisear ccunts in ‘@h@a@‘ enimale is wall marired,
Concurrent z;itﬁz these changes, the animals tended to develop dyspnes , ,
severe rales, 'and en incrsased irritability. Formal activity was replaced
T by hyperszeitablillty during haaélingé . The most cénﬁisﬁgnt gross post mortsm
. finéing was a severs lung damags invelving verfous comblnations snd degress
¢f edema, hemorrhase, consolidation, and uleceration.

The Effect of Secondary Factors om Beryllium Toxzicity. Since the time

 intervels invelwvsd in the preceding study r@pmaeﬁ% 8¢ large a fréction of

2 Patis tolal 11fe spsn, a series of 3her%¢%@rt§ marimenﬁa bé,ve been cerried
gui to dé&emin@ whather = combination of berfyllmm eXpOZATE with othar
common debilitating ag%éts might cauvss g more z%apiﬁ development of _th’e. _

- damage described sbove. Among the secondary agencles staxﬁiés were enforgad

. ectivity; daily exposure %o hich temperatures (110%-120° ¥)3
; o

Pt
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Figure 4. Terminal Effects: eight changé‘s in exposed snimals during .
month preceding death. ‘ | I

A}
r

Welght in Grans

— r
00 . : : . P
¢ : i A ] , i
. » . p . -y
~30 o 20 30 2
N
- Deyn el L o , (}Q. /




o

15

Polymorpheruelears

Thousands

H =

oty

-~ Relstivs
Polymorphonuclears

Peresnt

o

By

2
© L
]
]
@ A ﬁ @ &
i 2
g s B P
e %
- 5
@
@
@
@
$ a2
& 8
i @
B &
&
&
[
=10

Days before Deoth

2 @

@

&

& e H

i

e

®

® &

H#€




» AT /0/

dally exposure to low temperaturée »(205%%6 _F) :' infeetion with verious . .
pathogens such as s'almon_'élla,' pheumococcus, apd pertussis; exposure to

" uranium dusts; exposure to hyvdrogen fluoride '?aporsg repatitive exposure
t0. beryllium in an‘a%temp% to produce angghylaxis: and the use of oils rather
than saline as a carr:‘a@s* for the metal powder. Only a half-dozen deaths
resnlted fron ﬁha entire. Qtudy, comprising nearly 150 animals, and to date

" 4n no case was unsquivocsal vevidence obtained which would indicate a specific
rélatiqnship of any megnitude between any of théép agencies and the toxic

effects of beryllium itself.

CONCLUSIONS
| Solﬁbla berylliun salés, vhen introducsd into the lungs of rate, ax;w
hivit vlathal propertics ccmp‘:ﬁablsa ﬁo those of the heavy metals such as
éoxﬁner, zine and mercury. Imsoluble bheryllium compounds are much lesés
toxic vhen so introduced. Hetsllic beryllium and possiltly other Beryllﬁum
compounds as well produces a more chronle type of lung damage o} an a;ppa.renuy

aonspecific typs which eventually lsads to the death of the aaimal. The

lung damsge is apparently not identical with tho humsn types of damege. ‘
No method has been found by which this chronie process may be apbreciably |
- hastened.
sigxzeﬁ/"},{f’ IR vfa /_,Za
Charles W. IaBelle m £ c. -
® A , signed f]%/mf, o Aol gx c oo

Martha Reld Cucecl

ﬁwx“



INITIAL STUDIES OF THE INSALATION TOXICITY 0F

BERYLLIUM SULFATE AND BERYLLIUM METAL FUME

‘ ’ Geo. ¥, Sffsmg@m@' Chas, W. LaBells, Alton G. Petisneglll, Herbert E. Stokinger

Thiz material is inciuded in the following Yonthly Hepords: #M-1923,
' ¥-1929, M-1936, M=1346, H-1961, M-2963, }¥-1986
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INITIAL STUDIES OF THE INMAL/TION TOXICITY OF
BERYLLIUM SULFATS AND BERYLLIUM METAL FUME®

Geo. F. Sprague, Chss. ¥. LaBelle, Alton G. Peltiengill, Herbert E. Stokingar

ABSTRACT

‘Beryllium Sulfste. Data from 56 animals wers collected to supnly in-
fqrﬁation1relevant téythe paisonou§ effects, incluvding ﬁhe organs 1nJured.and
lthe route of the damage, Gaused by the inhalation of berjllium sulfate tetra-
‘hydrate dust a% a cohcemtfation<approximating 90 mg of the salt per cubic meter
of air. Six eriteria of toxicity were utilized in evaiuating the informa-

tlon obtained from the animale which comprised 2 doge, 3 rabbits, 10 rats,

: 14 guinea pigs, 20 mice and 7 hamsters. The animals were exposed 6 hours

dally for a two-week peri?dg e total of 66 hours, %o a dust of this zoluble

beryllium salt in a small ;nhaletion exposure chamber. A : N
 Mortality for all species dying as a result of exposiure was 43% of the

56 exposed animals or 20 of 20 mice, 2 of 10 vats, and 2 5? 7 hemstors. The

mice died from the 3rd to the 1lth calendar day with an LDSO being

attained on the Tth‘day fbllowing the start of exposurs. Ho dua&hs occurred

among the dogs, rabblts, or guines pigsﬁﬂ Heleht rasponse data showed that

all epecies‘save the gginea ig vwere adversely affecteda The rabbit lost 5%
in weight. whereas the rat and hamster lost 11%. Glinicel chemical values
indicated rensl impairment and gome subaegquent regeneration-in the rabbits,
Much less serious kidney damage.and hepatic 1nJury‘in dogs was indicated
from many chemical tests which inclﬁd@a I§EQuent analysés of thé biocd for

’

sugar, NFN, uresa nitrog@a, amino acid nitregen, bromsulfalein end serum 2

*  Acknowledgsment is gratofully made to Dr. Hareld C. Hodge, Heafl of the
| Divieion of Pharmacology, Atomic Fnergy Project and Profesaor ¢f Fharma-
cology. Sehiool . of Medieine and Dentistry, University of }?ochester for .

his helpfal aszistance and goidance in these studies. Q?
A

\¢
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nlne ratic, sugsr asd protein were nerral a9 211 fimes. Homotologlé results
shnowed definite mp%gré trends in the leukogyiic count, ﬁc%gbiy the ab&olgﬁs
neutrophil courits of the dogs, rate ané rabbi%s~dmring the second weelk of
exposurs, The other ﬁ@limléf.biﬁﬁﬁ»@iamﬁﬁta gave no ch&rac%erisﬁic trend
for any of the species. Exbernal gymploms varled somevhat with the Speciés;
Oculayr opscity ﬁav&léped in‘zhg gnines pig,.m@uﬁa and dog folleving 12‘hours
of exposure. Cutaneous lesions of varying size developed over the body of
the dog, vhile the rats ware"fonné to have ralec. The hamsfers and rabbité
manifeateé ne external %igns‘ef barvllium\éamagﬁc The hzstological fﬁndings v
shc@ed the aff@c% of abworntiem of beryllium sulfate tetrahydrate through the
regmirato?y tract of the mousse, rﬁbbit and rat &o be pulmonary damage @8~
pecially edenma. This was not the type of lnjury, haweverg fonnd in man.
Additionsl lungz lesions observed inelndeﬁ‘iéélgﬁmatery exudate in the lumina
of tﬁs terminal brouchi and soue focibof atelectasia of thé Tabbit, hemorrhags
of the alveolar‘saCsfcf'%he héméter, and infiltration of neutrophiis and
méﬁacytez iﬂ the iungs @f\rat@ Hepatic ingury‘waa observéd in miée dying -
during the firs¢ 9 days? bug no lesions were notsd therqafter, indicating
.rgpid regeneraﬁlcnc Bengl changes were féund in the rabbit anéd rat but

soms regeneration of the tnubular epithalium was obééfved in the rsbbit kidneys.

| Marked snecies variatién. bhut unugually goé& confbrmity within each

anaciasg was thus ohearved im the reepcnse tc the 1ﬁhalat10n of Besou°h320
The sulfate ieng conferring a high acidi&y upon the malecule as a whole

{with an approximate pH of 1.0 for the saturated solutiom), was felt to con-

tridute significantly to the toxieiiy of the beryllium salt.
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Beryllium Metal Fume. Rets have been exnosed by inhalation to beryllium
‘metal fume 2t an apnroximrte concentrstion of 800 mg/m> of air under a
variety of exposure schedules ie determine the character of the toxic re-
sponse. Seven of 10 rats died of pulmonary hemorrhags followlng exposure to
- 2b,000 CT units of fume sdministered as eisht exnosurss of from 3 to U
minutes each over a perlod of two hours. 4Jhen the exposure was one—half this
value.‘;f 12,000 CT units, no rats dled or shoved other untoward response.
Moreover, rats were found %o toleraté 200,000 CT unite or mearly 10 times the
lethal dosege if administration of the fume was mede ot tHe rate of 4,000 units
daziy for a period of 60 dayé;' Some reduction in growth rate, however, was
noted on this schedule, |

It was,_theréfare, comcludéd thet beryllium metai fume acts a8 a
primary frritant which, wvhen adminiétered rapidly in high dosage, may be
'fatal hat»#hich is toierai&& relstively well a8 long as no single dose

exceeds 12,000 CT units. No cumulative poisonous effects were seen.
Bigneﬂ/4%£41 ,Jﬁ Q§;2/1A14£m~4L~7
~ Geo. F. Spr?gue ;7

' Chas. /. LaBelle

»




INIZIAL STUDIES (F THE IRHALATION TCXICITY OF
BERYVILIUN SULFPATE AND BERYIIIUM IDTAL FUIE

Geo. F. Sprogue, Ghas. W LaBelle, Albon G. Pobtengili, Herbert E. Stokingsr

An inhelation study of the toxie effects "of a soluble beryllium salt,
the 5ulfate tetrabydrate, hag boen paz*fozfzéed o 56 animzls representing six
speciss. Following a conditioning pers.éd of %mo weeka, the animals were
sxpoged six hours dally in a dust inhalation chamber for & period of twe
wesks, a t@té,l of &6 exposurs howrs. The consentration of dust approximated
90 mg of BeSO 4012320 per cuble meher .oﬁ air; expressed as the cation; 4.5 mg
Be/u? or 0.5 mil Ba/u.

For reasons of chamber space limitations, not all the animals could
bo exposed eoncurrently. Thrse individual exposures vere made under similar -
corditions of tims and cdusd sé wration, Norbality, welght response and
higﬁolzsgie changes vzem measures of toxieity employed in ome study; eellular
blood counts and biochemlcal findings in addltion to the above tests were
employed 4n éﬁ@ﬁzsr gtudy, In the third study, in which two dogs only were
used, several biochemiesl tests for debsching possible beryllium injury were
smployed as well as thorough ‘hematclegi@' gtudies, in an effort to esbtablish
eritical diagnostic aids for beryili!m polsoning as wall as the roube and
gite of beryllium damage, .

The chanber in whieh the animals wers emposed was a 31" transite-linsd
cube with a eapaciiy ;sf 17.8 en £4 {505 liters). The animels shown in the
chamber in Figure 1 occupied a volume of approximately 19.7 L or 3.9% of the

chamber space. Also visible is the type of cage employsd for exposure of the

o
m““w
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Figure 1, photograph of exposure chamber, is not included

in this copy because of time end expense,
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animals. Uhenevsr practiceble, partidioned capss were vsed to é;xstem i
. dividual esposure of the animels, i‘h«a photograph, taken at the conslusion
v ' of a day's operation shows a'cansidgmblea deposis of the sﬁl’i‘ate on the
, caga;s;; avound the opening of the doorway (the doer has been vomoved}, and
on the rTeay e‘izsarva‘%;ian’ window, -
Figmre 1 slso shows the majoridty of the valves apd monometers used in
the eontrel of the chamber dust concsmbration, The velve shomn at the
.- rigm.@an‘ter of the open ‘domajy iz uged to adjust the éir_veloei‘by during
] sampling of the dusty atmosphore, The manomster to the right of the valve
indicates the hydvosiabic pressure of the sampling lins. At the middle
right of the unit is ome of the ports where the sampling line may be in-
serbed. Below the sampling pord is an inclined mamcmeter %o indicate the
rate of alr flowing through the chanbéd st any given time. The vertical
manomster at the extrems Tight of the chanber is used to indieats the rate
of nitwogen flow through the dust feed. Alr from the éaﬁtrally located
filtering end refrigeration wnit is introduced imto the chamber ab the
' » base of ths uz;i% ab ths vate of 18 cu £t per nimrbe thus permitting one
" _air change per mimite, A f‘ang to aid in the oven distribution of the elr
and dust in the aﬁmsghereg is located in the ceiling of the unit. The
aﬁz«»evacuation f.mes are loea‘?ced on the side walls near the ceiling, Before
being drawn into the cenbral rotoclome, the axhausted air is drawn through
T a scrubber (the csneo-ghaped portion of which is visible sbove the unit:)
. . using water as the scrubbing medium., Scrubbing traps the beryllium sulfate
and prevents its liberetion intc the alr in er argtmd’%;ha building.
‘ : The type of dust feed found most satiafactory in producing the desired

concentration was the rotating barrel feed of 3% diameter (shown below the

Lb
\\‘_ﬂ’




<100 .
e

unit in Figure 1). A 1/20th horsepover motor rotated the barrel on its |
horizontal axis so that the dust came to the apex of the ecihical cylinder, )
Here it was Forced imto the feed line by a stream of dry nitrogen and -
carried up into tho chanber. At the base of the chamber the air-intake A
 line and feed lime eonvergsd, thus blowing the firely divided dust inte S
“the chamber, A constant check of the concan%ra‘hien was maintained by
taking froquent agmpi@s {from 9 to 15 pez* day) of the charber abmosphere,
~ The econcentration in terms of piiliprans of BeSDAelﬁzo poer cubie neber of

air was deternined mﬁm@rimﬂyo »
Beceuss of the somewhat hygrescopic nature of this bezyllium ‘compound,

congiderabls difficulty was encountered in prepering a duss whose median

particle size was no greater then 2 micra. The technique developed im-

volved drying the beryliium sal‘& for at least 24 hours i&g/iacmm desiceator, '

before passing 1?:-,\ twlce Hhrough a micropulverlzer, Only the dust thet

passed a 230-mesh sieve was nitimately used in the feed, which was £illed

twice dasily with vaoumm~-dried dust, Betwosn each gtep of the dust prepara- -

- tiong the mabterisl was kept in ev’aeua'béd desiceators. Bexwilﬁ.m'stﬂfaﬁe
~ betrahydrate; left exposed to the alr, @émpletely dilssolves in the ‘a'bsar?oed
water, yielding a sa%nfatgﬂ soluticn of approximately pH 1.0,

1t wag inpessible to maintein ab all bimes the desired concentration
" of S0 mg of the salt per cubic mober of air in the imhalstdon chamber. A
weiphted mean concentration de‘teminsd gravimetrically from 137 samples was | ¢
84.3 mg/m3 with a stanﬁar& deviation of 36.6, The extrems values were 13.2
and 7.0 mg/m3 . lHost, %s of ‘the concenbtration values were bstween 50 and
135 mgfa’rg o
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Toxislby Gritoria, The ‘%;y;::w of date eollected and amlyzad (Figure 2)
inciuded mcrta}iﬁyg waight x’eswnssg nieropathologle and hema’balagi@
finrdings and biochenical &mso The blood deuemimt,.oms included
nonprotein nitrogen, urea nitrogen, amino acid nitzogen, \samm protein,
sugarg albumin-globulin rable, bromsulfaloin and fibrinog@n lsvels. The
urinax'v studies incluwded sugar, probein, and amino acid niﬁragen/maﬁnm
ine ratlo. Figure 2 Iigbs the mumber of amimals of eaeh species used in
each of the toﬁc@hgﬁ.e_sbsmaﬁmsa Obwvlously, the aninals of the
various groups, perticulerly the dogs, were used :’E‘ag pora than ons teé‘to

Nertalilw. Figure 3 ig o graphie repressntabion of the mortaliby rate
for the three spscles in which deaths ccaurred, It shows that all of the
20 mice exposed in 'the‘ chanber dled befors the termination of the experi-
ment, an ID 50 ccourring on the ‘?‘i:h ealendar day. Because of the high
nortality rate chserved in this speedes, 10 additional mice were exposed
for two déy& béfc@e the terminstion of the stm‘iya Two of these ten mice
died following the sseond day of ezpssm'ée Two of ten rats died and two
of seven hamsters dled as a reosult of the expogure. The broken linss on |
the graph indicabe the time from the stert of exposure wntil the firsh
'death occurred; the broken line indicating the uncertainty in the length
of time of exposure required %o canse the first death. Thore were ne
deaths among the dogs, rabﬁi'bs s or gulnes pigs. |

‘The outward gymphoms and reactions to the beryllium dust differed

markedly for each of the species, Ab the conclusion of the first 6=hom=
day of exposure, the eyss of the mice wore irritated but were improvad ‘by,
‘morning. The mice » wh:‘ile undergoing treatmsnt, were hyperixwitableg mors

e




Pigure 2. Distribution of Animals for Toxicity Criteria

Criteria Studied
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active then novnal, ned beforve death usually wont imbo convulsive spasms.

The eyss of 6 r:sz the 14 exposed guines pigs showed definite signs of cat~
araet formatiom, The ocular opacily of these animals developed after two
, days or 12 hours of exposure. The eyes of a few of the rabs app_eéred
hemorrhagic and the breathing of some indicated rdles.

It was originally plamed to expose the two dogs far %o veeks and
then hold the animels for a yoar in crder to follow the effects of the
beryllium exposure; howaver, sush serious oeular injuty and poriorbital

lesions occurred (Figure 4) that 1t appeared probable that at least ome
_o;‘ the dogs would die from subsequent infection. Thoese lesions were ag-
 gravated by the animal seratehing ite eyes with its pews and also by . = _
rubbing its head and eyes aga:i.nst. the metallic megh of the cages. This S
 action coused the left aye to protrude & inch while the ulesr sbout the
right aye, at autopsy, turst upon the application of slight pressure.
Othor less extensive (Figurs 5) bub well-defined ulcerative lemions de-
veloped over ‘tha legs and body of the gecond dog. A small catarset was
noted on the lsf% eyo of this enimal. The highly acidic character of
this beryl]im éampoumig no doubb, was'responsi‘ble {fox the start of ul~
cerative laaions obgerved in these exposed arimals,

Ths berzrllium sulfate caused fewer discernible external symptaoms in o
the rabbit and hamster, than in the other specios, 4 hypersensitivity .

~ and nervouaness was noted in the hamster, bub no cutward changes were ob- : .,
. served in any of the thres rabblts.
ﬁata showed that all of ths animals, with the

excaption of the guinea pigs (Figure 6), were adversely affected, There
‘was less fluctuation in the weight of the guinea pigs during the exposure
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Fipures 4 and 5, phobographs of the dogs showing uleerous

lesions, are not included in this copy because of Ltime and expense.
5 P, ,
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pevied than during the tuo-tosk condilioning intervel. The 'z*abbi‘-:‘s isst

5% in weight while the hamshor ond the rad lost 113 of thelr weight during
the period of exposure. The dogs, as shown in Figure & vere 5% below
their original welght bub rogained this by ths timo the exposure terminated.
Since no mice survived, eo::qnie‘he' wolght data ave nobt availebls s but it was
noted that the mean weight declined for the mies survivirg ustil the 9th
eslendar day. ' | | | '

02 9 hematolerie blood varisblos studied in the dog; rabbit ard rat,
(Pigures 7 &A 8) only the loukoeyts and the sbsoiute neubrophils¥ showed any
significent change. This constituent showod a uorked riss for the thres
specios bebween the 9%h apnd 12th day of the expepiment; however, values
from mormal animals have cecasionally been recorded thet weve higher than

~any noted in this study, The red blood count showed 1ittls change

The chomieal valuss indicated that remal damage oceurred in
ths rabbits during the sceond week of the experiment, (E‘igm 9). During
the 2-meek conditioning period and the first week of dust exposure, the

mean NPN values were umusually consbent for rsbbitss tub in the second

. peck the velues rose to 78 mg? and were over 70 mgf at the ‘isermmationo

The rabbit urinary protein values shoved much the same trend with the first
positive value being recorded on ths 6th day end a high nean of 350 mgh on
the 10th day. The final protein value was 80 mgf, This decreased protein~

 uria may be an indlestion of regeneration of tho remal ecrtical tubules.

# Obtained by muitiplying the peveerdags. of neubtrophils by the mmber of
white blecd cells.
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The vlochemieal fiﬁ{iiﬂm in the dog £ailed to voveal any indieation

of renmal or hepsbie injury y during the @eﬂ‘"ﬁe af eﬁ;:m@wm As seen i

“%’igm‘a G, a highsza g valuu was obbalned i“@r the m@s Suring the condi~

' tdeming emposure @?:aem wag found aﬁ any time aftser “he dust was inbroduced

into the chamber. The high winavy peotein valus found on the second day

- of exposure was rrobably esused by conboningbion of the specimen. The
other urinery constituents feiled to show emy resulls that were Indicative
-of Lﬁway"impamm& 411 of the amdme ncid nitmge@/@fsa&ﬁ.nim ratios and

.! uri.mm sugar valuos were deif:imi:«a?y zm*mala

Biochemieal evidenee of & megative nsture was obtained from all of

the anazyées of the blocd of the doga for sugafg uwes nitrogen, amine aicid-
nitrogen bromgulfalein and serun protedn as all of these valuss vere within

normal linite o sh@wed no trends from o time-study viempeint, The albumin/- |
globulin ratio r@aﬂ%s shoved an uzf?ar& trond tomard the end of the axperi-
ment. The riss was caused Wy a decrease in the globulin fxaction of ome of
the dogs with a corresponding decrease being moted in the £ilrinogen level,
which is a globulin protein, of the blood. |

gle rogulis, {Dr, James K. Scott) 13319 the" data obbained

by means of the other btexicologic ariteria, showed a movked spécies differen-
tistion wet réammb}e sinilarity within oach of the speeieéo Seventeen of
the 20 dying mies were aunlopsisd and miémseopm ssetions éf the orgens mede.
Sincs eonsidax*abla autolysis had ocowrrved bebtween the tims the animl died
am?. before the ssctionms could be teken, the lung end kidnsy secbionsg two
organs of importance in beryllium suiphate polsoning, wers of little value
so far as this specics was ‘eoncernod, The liver of the mouse showed definite
lesions that were comparable to those seen when lsthal doses of berylllm |

[+
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sulfate was administered intravenously or intraperitoneally. The lesion

was a central or midzoral necrosis of liver cells, with the amount of
cellular neorosls varying with the time of death of the animel, The
last four mice to die had mo lesions of this type indicating complote s
regeneration of thé liver had occurred by the 9th calendar day. . / -
The rabbits showed the most severs and widespresd pulmonsry lesions
of the specles used in this experiment, These lesions consisted of a
fairly widesproad edsms, some fool of atelectasis, and some inflamatory
exudate in the lumina of the 'bemiml bronehi, The kidneys of the rabbits .
showed considersble necrosis of the tubular epitheliumn, perticularly in
the distel portion of the proximal convolubed tubule and in the descend~
ing loop of Henle, Regenerstion and mecrosis can be seen oscurring in the :

+

seme kidneay. No leslong were foumd in the glomeruli, The‘ other orgam'z.of
the rabbit, incluiing tho oye and livar, failed %o show exy remarkable
éhangesa

The guinea pigs showed the fewest histologlcal changes of_.any of bhe

LRI O

species the Tesions being limited to the lung and the eye, The lung lesions
| were similar o those moted in the rabbﬁ.t but were xmzch less extensive and . .-
less severs. “"he eyss of most of the guinea pies showed changes consisting
of congumctivitis ard keratitis. A1l of these animals showed an inflammatory
reaction at ‘bhs Jnbus. |

‘u}% ‘ o3

The injury to thé hemster was almost entirely limited to the lung, econ-
sisting chiefly of edera accompanied by varying auounts of hemorrhage of the L
glveolar sacs. Home of the other organs of 'the hams‘ﬁer had ary changes that o
ﬁ@‘ﬁ?ﬁﬁ be a‘b‘brfmr%ﬁé o %‘)@Xﬁ?llﬂ.m poi%&wg

Two robs died on the final c:ay of the expeviment. mlgamas the liver
gections shoved no mecrosis, the cells lining thslﬂ.ﬂmay %mimiaé showed
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numercus legiongs. The mogh exbtengive changes found In the sacrifiesd

smirsls oceurred in the lunge and kidneys, The pulmonary change most
proninently seen was a raother mavked -edeoms which wes accompanied by a
moderate infiltration of neutrophils and monocybes. The kidnsy damage
seen in the ret was mush 1like that noted in the rabbit. There ivas no
liver Gamage in this species. b
The last figure (10) sumerizes the histological findings in the
;various 5pecies_, In this %able the higher numbers repmsant the greater
amount of tissue damage. Tt 1s evident thab the gulnea pig and hamster
seem to be the Tosh resistant spocies and the rabbit and mouse the most

sensitive, No explamation is cffered for the leck of finding of hepatie

indzmy' in sgpecies other than the mouge albhough hepatie injury was ob-

served in mics that died early in the eXposime.
The histologic findings for the two&@gsa}e not yob availables how-
ever, the gross ég%hoiagic examination falled to show any marked damags
by the BeSO, 4K,00 |
. SUE
Data have been collected and evaluated on 2 dogs, 10 rats, 3 rebbits,
14 guinea pige, 20 mice and 7 hamsters exposed to a high concentration of

B&SOA%HZO.»,
The most striking feabture of the study was the marked specles differ—

-ence with respect to most of the toxlcologie criteria employed. Thus, all

of the 20 mice died before the termination of the experiment; the histolo-
‘gleal findings showed marked pulmonary damage in all of the species, hepatie
damage in the mice, ocular lesions in the guinea plg and dog, renal necrosis
in the rabbit and ret. The mleropathological findings conflrned the bio-
chenmical observation that renal impairment had occurred in the rabbit;
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Figure 10. The Effects of Bes%“hnac Upon The
Tissues of Exposed Animals

Mouse Rabbit | Guinea Hainster Rat
: Pig ‘
Iung I 4 24 34
Liver | ke 0 o | o 0
Kidney ? g o 0 ug ) -
Eye 0 "] o R 0 0 | s




however s the elinieal chsmical obgervations falled o reveal azy signifi-
sant indleation of rensl or aepa‘%:.ic injury in the dog.
The only consistent result observed in all specles was the marked
- rise of the leukocyho

axd sbsolute noubrophil count in the dog, rabbit,
and rat, The erythrocyle count for the thres spscies was most constant
throughout the pe.rﬁ.oﬂ of emsumo

The highly ae:idic nature oi‘ the beryllium sulfate t;e%mbydm‘te was
ths primary cause of the uleorative lesions that were cbserved in 'bhe eyes
and cn the 'sﬁn éf the dogs, gulnea pigs and Bﬂ%e
" At prosent, no animal hogt has been found by means of the izhalation
techniquss capabls of producing ths type of pulmonary lesion identical
with that of mem. ‘ ' - ’ .

4 emall charbor (6 % 6 x 8%) was constructed in whieh groups of rats
were exposed to the fumes produced by striking an sre betwsen a carbon
electrode and one made of beryllimm, This chamber was used in the follow-
ing pilot studies. N 1
ongentration, Exposures were regulated by changing the length of
time during which the erve was operated, as it was not found possible to

Fume {

regulate the Tate at which the fume was prodused by the are. Eposure con-
centrations meintained for perdods up to ons mimute were estimated by means
of a filter paper sampler; the oomen‘bmtior; o‘b‘tainéddﬁring longer exposures ”
eould not be measured directly because the increased amount of furme tended
to seal the pores of the f£ilter paper and shut off the flow of air through
the filter paper sampler. The oubput of the are was accordingly determined
' for a series of ono-nimute eur.posures and was found to give an approximately
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‘constant value of &2 4 0.2 milligrams fume per mimrbe. In the emall ex-
posure unit employed, this ylelded a concentration of 800 m.g/let3 and all

exposures have been calculated as CT values (mg mins/m3 ) on the basis of e
800 COT wiite per mimute of exposure. ' ' <,
' Five rats were placed in the chamber and eacposéd to

24,4000 CT units {equivelent to 30 minutes of arcing), The tobal exposure
was subdivided into elght exposures of 3 ~ 4 minutes each given at 15 =
minute intervals so as o avold excessive temperatuve rises in the chamber.

As & control, £ive rabs were exposed in the same mammer to a total of 30
minutes vof greing using two carbon electrodes. Four of the beryllium-gw-
posed animals died, two during the ecxposure and two within 1} hours after
_ remove,l from the chamber, none of the carbona-exposad rabs died,

Azztopsieswem porformed on the fou;- exposed rats whieh died, and the
f£ive comtrol rats. The £ifth exposed rat ‘which survived the exposure was
sacrificed after four days during which time growth gppeared normal. The
results obtained are showm in Tsble I, ,

It would sppear from the above that beryllium fume acts ab thess lovels

of extposure as an irritant rather than as a systemic poison, The primary
eause of death sppears to be asphyxia resulting from the destruction of
lung tissus or lumg functiom., When this destruction is insufficient to -

Ty

cause a lethal asphyxia, the enimal remains alive and recovers rapidly when
the axposure 1s terminated. | | s
To test the sbove hypothssis, thres additional groups of five rats ' "
each vers exposed. One group was exposed to 24,000 OT units in a single |
day as above. Three animals died during the exposure as compared with four
dying in the preceding group; the post-mortem findings likewise agreed with
3hose shown in Teble 1A, the lung weights being 1.9, Lok, and 1.4 per comt

of the body webelb.  incther geoup of five rabs was ezpoged to one half




Table I. Post-lorbem Findings Immzdintely
Pallowing Exposurg %o Fums

A. Ratz succumbing to 24,000 CT units of beryllium fume

38

7"’?@% Cyanosis Condition of lung Ioag W4 "0
o, : Body W&
‘ per cent
379 r~§qderata Hemorrhagie, spe%%eﬁ Q.70
280 Very Severe Very hemorrhagic 2.41
382 Sevare Hemorrhegic 0,96
378 Severs . Hamorrhagie 0.72
' Average “1.20 4 0.61
B. BRats éuwiving sxposurs $o carbon are
383 Absent Fim, normal 0.46
38l u W 0.43
385 “ * " 0.50
»356 ' u " ' 0.47
387 K3 " R 0.51
' /  Averege Wﬁ 0.0%
e Rat smiviﬁg expesure to 24,000 CT units of fuse
,Absané { Pink, normal 0.51
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this quanti by of fume, or 12,000 CT mits, no animals dled dtn':!ng 'bhis
exposure, The third group was exposed to carbon fumes for 30 mirnmtes;
no animals die&o The weights of all the survivors were followad for 60
days. The results are shom in Figure 1. To reduction in growth rate
is demonstrable in any of }‘ﬁhes.e curves, even in the cass of the two ani-
nala surviving exposumo at a level approximating an ID 50 |

 As an additional confirmation of the e:é'fec‘b of beryllium ﬁms_ on
growth, four groups of five ratav each‘were selectsd whoss mean body
weights were 50.g, 150 g, 200 g, and 375 g respeetiveﬁyo_ Each‘ of these
groups was exzposged o 12,000 CT wnits, and daily weights subsequently re~
‘eorded., The results eve shovm in Figure 2; again there 1is no perceptibls
ai‘tez“weffect of the exposure visible in the growbth curves. At the end of
the 60-day period, autopsies were made on each group with 'bhe resul.aa .
given in Table I,
Ezposure, ‘Whereas baryllium fume at high levels may
| act as an irritant, the possibility remains that this offect may serve %o

mask more specific reactions. In order to test this hypothesis, four groups
of five rats each were esposed in the following rammer. The first group re-
cefved 50,000 CT units given as 2 exposures of '253000 mits each month, each

exposure being distributed over two sylessive days, to Insure the survival
of all animals. The sscond group was exposed to 50,000 CT wmits given as

8 weakly emposures of 6,000 units sach, The third group received 50,000 CT

units given at a rate of 800 wnits per day for 60 days. The fourth group
recoived five ’t:i,n'ms this totgl dosage, er 250,000 CT units, given as 4,000
units per day for 60 daye. c |

None of the animals died during any of tho experiments, The weight

regponse during the axposu;reis shomn in Figure 3. It will be seen that the
three mrovps Tecsiving a totel of 50,000 0T units sach show mo evidence of a
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Table II. Fost-Mortem Pindings in Bats 60 Days afier Exposurs

C . te 12,000 CT Units of Beryllium Fume

B Condition 9% dung W8, o 309 ‘
Group Iangs Body Wi, 8.0
grene per cent

| 150 Pink, normal,5/5 0.58 + 0.06
200 Pink, mormal,5/5 0.51 0.08
375 Slight hemcrrhage, 0.52 .06

2[5 ' '

200 Pink, mornal,5/5 £ 0.50 0.09
{contrals)




Body Weight in Grams
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Figore 1. Grom'hh of Rats Following a Single Exposure to Beryllium Fume
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Figure 2. Growth of FRats of Four Pifferent Age Groups

. '~ Following A Sinecle Fxposure to 12,000 CT Units of Reryllium Fumes
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Figure 3. Growth of Rats mring Internittont and Contimous Exposure .
to Beryllium Fume,
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rednction in growth rate in splte of the fach thab this lsvel pepresents
- 'a total exposure to fume twice ms great as the singls e?;posﬁe whieh
killed four animals owt of £ive. - /
The fouxrth group, recelving five timss as greab an sxzpesure aé the
- first three groups, and %en times the lethal exposure, shows only a
slight reduction in growth rate, incroasing in weight by 50 g while the
£irst three groups increased 90 g, 100 g, and 110 g mspectﬁ.velyo
The hematologlie findings for the ﬁ:m groups recelving dally exposures
ave shown in Figures 44 and 4B. It will be seen that whils there is a
slight tenﬂenéy toward a progressive eoginophilia and neutrophilia, more
 marked in the rats that Tecelved tho greater expomwe, the values do nob
atb any time depart widely from the control rangs.
| Autopsies of the animals 4in each ofr the groups expesed to 50,000 Gi‘
units at the end of the exposurs revealed the gross findings shom in
Table IIT, ’ |
 The damgeappearstooccurchieﬂyinthelamgandtoamllsr
exbant in the kidmsy, In nelther case is the damage so serious as to
interfere with normal growth, | |
Gonelusions, The fumes produced by arcing metallic beryllium against a
caxbon electrode developing high intensities of exposure of 25,000 CT units
in a gingle day appe=r jbo‘act primarily as an irritant, This effect‘ does >
not appear to be cumilative, for it was found that rats tolorated far '

groater total exposures as lohg as no single dose eaxceeded 12,000 units
(equi.v‘alent to one hour at 200 mg/m ) Only a slight response, exhibited by
amdueedgrowbhrate,wasobtaﬁnedafterdaﬂymam%%@@mits
per day; squivalent to 33 hours at 100 ng/m.
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Table 111, Post-Mortem Findings in Rats Bxposed to
’ 25,000 CT Units of Beryllium Fume-

Type of Camage and fraction of group in which it occurred

long

Type of Liver Kidney Spieen
nxposure

‘ Daily 511rht hemor= | Normal,5/5 ’Hemor'rhage. ‘Enlarged,
| - | rhage, M5 | 2/5 3/5

Heeklj Slight henioré Fetty,1/5 | Hemorrhege, | Rormal,
o ‘rhage,5/5 BRI 5{5
: Monthly | Slight hemor= | Normal,5/5 | Petichiae, | Enlargea,

. ; rhage,3/5 . 1/5 2/5
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Firure 4a. Hematoloric Chenres Luring 60-Dzy Exposure

to Rervllium Fume; FErvihrocytes and Leukocvtes. Solid Line =
Rets Fxposed to 800 CI Units per Day; Broken Line = Ratis Exposed’

to 4,000 CT Units per Day; Shaded Area = Rznge of Controls,
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!‘igure Ab, Haematologic Changes Dlming 60-Dey Mmsum %o Beryllium Fume,\
Eosinophils and Neutrophils. Sold line = rals exposed to 800 CT units
per day; Broken line = rabts éxposed %o 4,000 CT units per dsyj Shaded
Area = range of eqntrols \ ‘
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