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BERYLLIUM:s TOXICOLOGY, CLINICAL ASPECTS OF DISEASES,

LABOR HYGIENE

Following is a translation of parts of the Russian-
language book by Valentin Mikhaylovich Kozlov and
Valentin Dmitriyevich Turovskiy Bgrilliys
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EXPERIISNTAL TOXICOLOGY OF BERYLLIUM AND ITS CQOMPOUNDS

ﬁollowing is a translation of Chapter 3 of a book by
Valentin iikhaylovich Kozlov and Valentin Dmitriyevich
Turovekiy Bexrill Dokaikologiva. Kliniks Porazheniy,

g iy Berylliums Toxicology, Clinical Aaspects
of Diseases, Labor Hyslene), State Publishing House for
Iiterature in the Field of Atomio Solence and Teohnology,
Momoow, 1962, pages 19-31

The toxic properties of beryllium were first investigated by
the Germen scientist I, Blek in 1882, He asserted that beryllium
in 1t8 blologloal action is not toxie but is similer in this respect
to such metals as alumimuin and iran,

Sayyema ( 1686) and Komer {1935) arrived at a oompletely
different conclusion, They established the exiatence of toxio
properties for beryllium when its dissolved ealts were introduced
internally into experimental animals,

thile studying the effect of fluorine=beryllium compounds,
when inhaled, on the organism of test animals, A. N, llagnitekiy,
E. M, Zamakhovskaya, (31) and others came to the conolusion that the
main active element is fluorine, At the same time the authors
indioate that beryllium, in e highly dispersed condition, also has a
toxic action whioh, however, is weaker, :

Some scientists (Ilislop, Talmanis, Alford, Monaco, and
Felergol) (32) who in 1943 were investigating the toxioity of
beryllium and ites compoundes denied the presence of toxic qualities
for beryllium, contending that the detected pathologioal changes
which had ocourred during the use of beryllium salts on test animals
woere the result of the aotion of acid radicals and the hydrolysis of
these mralts in the organism of the animals and were not the result
of the aotion of beryllium itself,

Through the work of Soviet and foreign researchers it was
established that beryllium hes a high toxioity whioch depends on

the degrec of dispersion of the compounds which are used, their
solubility in wnter, and also the methods of introducing the
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beryllium salts into the organism of the experimentel animals,

In studying the action of beryllium on protein and on very
simple organisms, Se Ve Vol'ter (33%) noted thet solutions of
beryllium oxyfluoride and beryllium chloride in acting on 107
solutions of egy white and mare's whey cause an opalesoing of the
solution from the very beginning of the remction and the appearance
ol a precipitate after standing, whioh indicates the disruption of
the molecular structure of the protein as a result of the action of
beryllium, )

Compounds of veryllium in concentrations of 1110, 11100,
181,000, and 1110,000 depress the activity of Infusoria Parameociumj
their movement is slowed; the body ohanges from en elongated to a
spheriocal shapej the protoplasm becomes cloudy, sometimes disintegrating
into separate partes.

The toxio motion of an agueocus solution of BeCl; on Dafnium
orabs was exiiibited in a lowering of their life span in comparison
with that of nontrol specimens. {34)

On the baesic of ressarch conducted by S, V, Vollter and
G. Do lLebedeva, it was sstablished that beryllium oxychloride and
beryllium chloride aot similarly to the salts of heavy metals. They
preocipitate protein in vitpo, depraess tho activity of unicellular
and sinple organisms and denature the protoplasm of cells.

meﬁmmww
Abdominally

In the case of suboutaneous or intra-abdominal injection of
berylligm in mammals there is a sharp local inflamation of the
tissue which becomes chronic., listochemicel reseaxrch indicates that
berylliuwn in the form of free ions is fixed by the tissue at the
gite of injeotion, firmly linking with the tissue protein. The
death of the animals in this ocmse oomes only after the introduction
of very lorge doses of beryllium,

V. N, Aldridge, J. !, Barnes, and F. 4. Denz, (32) in
studying the nction of beryllium sulfate, beryllium ochloride and
beryllium lactate when introduced subsutansously and intra-
abdominally into nice and rabbits, established that a dose of
5 milligrams per kilogram of weight of the animal does not kill
mices Only beryllium oxyfiuoride is lethal in these concentrationss
however, death occurs because of fluorine poisoning. The sodium-
beryllium tartrate proved to be .ore toxic in suboutaneous injeotion
than beryllium lactate or berylliu. sulfate,.



The research conducted by S. V, Voltter (53) established the
fatal doses of beryllium oxyfluoride und beryllium chloride for
white rats when introduced asubcuteneously. In order to kill a rat in
three daye it is neceesary to use not less than 36 milligrams of
beryllium chloride per kilogram of weight of the animal or § milli-
grams of beryllium oxyfluoride.

8, Pe Voskresenskiy (35), on the basis of experimental work,
established the fatal doses of beryllium oxide for suboutaneous
injeotion in white rats ag 10 milligrams per kilogrem of weight of
the animal end in rabbits as 20 milligrams per kilogram.

Some authors surmise that in the suboutaneqis introduction of
beryllium, stable compounds are formed with the tissue protoein.
However, the work of A, Vorvald and A. Revis (36), who conducted
tests in vitro, established the fact that beryllium does not form
complexes with the proteins of gperum, but rather iroduces insoluble
precipitates consisting of beryllium hydroxide and phosphates,

Pe A+ Dutra (32) made an attempt to obtain the formation of
granulated skin in experimental animals, using for this purified
compounds of beryllium and metallic beryllium. During the experiként
the organism reacted differently to the metal, beryllium oxide, and
various fluorescent powders containing beryllium oxide.

The reaction to the introduotion of the powder into tl's
subcutaneous collul.p tissus through an incision in the skin waa
observed ohiefly in the suboutaneous fat layer, directly under the
epidernis, and was characterized by a sharp inflammation with
proliferation of fibroblasts and activity of the mononuolear
phagooytes, The fibrosis and phagooytosis of particles of fine
powder in a short time became dominant, and already in 5 (or more)
days the reaotion was of the nature of a chronle inflammation.

Powdered metallioc beryllium and beryllium oxide caused the
formation of giant cells and led to a granulomatous inflemmation
of a non-specific type. In the skin and in the suboutaneocus fat

issue there appeared bLundled masses of large moiionuclear ocells and
giant cells containing powdery particles which had been absorbed,
Small quantities of lymphocytea were often soattered thriughouv
these granulomas, After several months the gramulomatous
affliotions Lecame less and consisted almost molely of mononuoclear
phagocytea fillod with powder and of giant cells within the fibrous
tissue.

The fluorescent powders caused the formation of gramlomatous
nodules consisting of rings of freely organizod collagenous tissue
in which there were very meny monomuclear phagocytes and giant
cells and numercus lymphocytes,
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Ihe Toxiodty of Bexyllium VWhen Introduced Intepnally

When beryllium is introduced internally, its toxilc action is
more notable and does not depend on the acidity of the sclution or
the properties of its anions, Soluble beryllium compounds proved to
be the most toxic, causing death in test aniials when used in small
conoentrationss 3Beryllium salis, when introduced into the blood-
stroam, very quiokly enter the tissue of various organs,

Within 24 hours ufter its introduction, acoording to the date
of V. iie hldridge, J, iie Barnes, and Fe Ae Donz (32), beryllium is
deteoted in the following organs (as a percentage of the total
amount of beryllium introduced into the organism);

1ivers o o ¢ ¢ ¢ 2 o s s 2705
spleen LI I Y R I A ) 206
kidﬂﬁyﬂ v e s a e s s 0 0,8
Iangse o o o 00 0 0 o 0.7
intestines o« « ¢« ¢ ¢ o & 2.8

Borylliun ies not deteoted in the heart muscle, brain, skin,
or ckaletal musculaturc, It i9 abaent in t.e skeleton througheut the
firat 24 hours; however, it is identifiable nt later times in
quantities not exceedly 104 of the amount originally introduced.
Thus, in internal introduction the greatest guantity of beryllium is
dotected in the liver,

After tho internal introduotion of an average lethal dose of
beryllium, the animals became sluggish and indifferent to their
surroundinge and refused food. They remeined in such a state until
the advent of death. Hnabbits before dying often experienced
convulsions, ilats which lived more than 3 days becane jaundiced.

During a pathocanntomionl examination of the dead animals one
finds that disease os the liver in sharply indiocated. When the
aninals die early, the liver is hemorrhagic and has a red color,

If death occurs later, the liver acquires s yellow color and a soft
coasistency, The normal pattern of the liver disappesrsy a solid
muos of swollen cells which moquire a hexagonal shape appears.

After 24 hours folloving the introduction of berylliwa, the

animals acquire beginnin, afflictions of the liver with separate
groups of necrotic parenchymntous cells. The cytoplasm of these
cella becomen pale anu vacuous; the borders of tiho cells wear avuy;
the .mclei disassociate, iecrosis of the cells apears around small
focal acoumulations of berylliume ~fter 48 lhours the fooal sites of
the disense of the liver are fully developed and encompass the
middle zone of ' lobeas, After 72 howrs the liver is diseased to
a considerable amount.



Changes in the kidneys ure detected after 24 hours following
the introduction of beryllium. Some suall proximate winding
caneliculi are afflicted; their epithelium loses ite similarity of
pigments; the outlines become uneven; the lumens of the canaliculi
contain oytoplasmic end muclear fragments, Later oylinders are
formed in the canalioculi. Changes are not observed in the glomermli
and the straight canaliouli,

In the spleen of the test animals, small fooel points of
disease develop around the sinuses, cnd groups of cells undergo
autolyais, The white pulp consisting of cells presente a sharp
contrast to the struciwreless red pulp which is filled with
erythrooytes and is free of lymphocytes. J, Soott in introducing
beryllium sulfate into animals observed an oozing of liyuid into
the serous cavities, an inorease of the spleen of 2 to 3 times, and
the development of jaundice. The author did not note any pathological
changes in the brain, heart muscle, lungs, intestines, transverso-
strinted musoulature, or the thyroid, parathyroid, pancreas, thymioc
and lymph glands,

A histochenicel test of the tissue did not reveal any
bary1liwn oontent 1h these orgrnd (V. Ne Aldridge, J. li. Barnes,
Fo hs Denz)e (35)

Fatal doses of Leryllium oxide when introduced internally are
as followst

for rats -- 11.2 milliyrame per kilogram according to the
data of S, re Voskresenskiy (7.2 milli, rans per kilo;ram using
beryllium sulfate according to the data of J. Scott)}

for rabbits ~= 1 to 2 milligrams per kilogram
(5. ¥'s Voskresenskiy and li, G, Petrovnin);

for dogs == from 5 to 20 milligrams per kilogram
(Ye. lis Kedrovu.) .

Fo Py Dutra and B, Largent in the intravenous introduction
of a 1% suspension of beryllium oxide in a physiological solution
observed the formation of ostecsarcoma in 6 of 9 test rabbita,
The earliest period for the appearance of tumors was 11.5 months
from the beginning of the tests, In 4 rabbits the initial tumors
were looated correspondingly at the right clavicle, at the top of
the risht fomuwr, at the lwunbar vertebra and ot the distal end of
the ri ht femur. bMetastasis of the lungn was detected in these 4
animals. Two otier rabbits had multiple initial tumors.



The mioroscopic structure of all twiors was typical of
osteosarcoma, The sections showed that the large tumors contalned
neorosis snd areas of hemorrhage. In all animals in the red bone
marrow thare were numerous white spots which under miorcscopic
examination _roved to be sccumulations of berylliwn oxide which had
been absorbed by phagooytio cells. Beryllium was alsc detected in
other organs. A large part of it was contained in the reticulo~
endothielial oells of the bone marrow of long bones whioch did not
have tumors,

The Toxioity of Bervllium Vhen Inhaled

A, N, Magnitskiy, E, M, Zamakhovskaya, and others (31), in
testing animals with vapors and gases formed by liguefying beryllium
fluoride compounds in concentrations of from 5,0 to 54,0 milligrams
per cubic meter for fluorine and from 2.48 to 5.78 milligrems per
oubioc meter for beryllium, observed shortness of breath, coughing,
nasal drip, fine tremors, twitching of the skin of the back and
extremities, and, in some cmses, vomiting in the animals, After
the cersation of the teata the animals showad higher temperatures
and a drop in body weipht. In succeeding days they became sluggish,
lost appaetite, had diffioulty in braathing, and experienced hoarse=
ness, coughing, and periods of vomiting, The reserve alkalinity of
the blood dropped and remained at o low level until deaths The
reaction on the bilirubin weas negative, Thers was an increase of
the hemoglobin and of erythrooytes. leucocytosis with a
neutrophyllic shift to the left, lymphopenia, and eesinopenia
appeared,

With pathoanatomioal tests it was discovered that the
respiratory organs were primarily afflicted: the lun;s were
edematous and in o number of ocases thers was a suppurative exudates
Fooel emphysena und pnewnonia of a catarrhal or Fibrous=necrotic
type were observed, ileorotic endobronohitie and inflammatory
infiltration of the peribronchial apaces (peribronchitis) vere also
noted. Sometimes to these ocourrences were added suppurative ox
fibrinous suppurative pleurisy. Granular growth was observed in the
kidneys and myocardium. In the parenchyma of the liver scattered
tiny necrotic sectors were encountered. The spleen was usually
enlarged us o consequsnce of the hyperplasia of the cells of the
pulp,

In the case of giving animals beryllium oxide in. lower
concentrations then in the above-mentioned experiments, the
aninals experienced only insignificant changes. The body
temperature increased in only one of 8 dogs which were being tested.
With respect to blood, except for monocytosis there wrere no
deviations discovered. In cne dog edema of thie lungs was noted;
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and in four others there vwas slight edsua of the luna and moderate
plethora. There were punctate hemorrheges in the parenchymatous
organs and in the spleen capsules

G, 3tockinger, S, A. Stroud, and M. T, Roohester (32), in
studying hematological changes in conncction with the inhaling of
beryllium fluoride in concentrations which do' not cause other
toxic sympioms, observed the development of anemia in animals,.
Rabbits were exposed to beryllium fluoride vapor in concentrations
of 242 £ 0,25 milligrams per oublc meter. The experiment lasted
23 weeks, '

The resulta of the experiment showed that the average mumber
of red blood cells by 16 to 20 weeks was lowered from 5.5 to 3.8
million per cubic millimeter. The hemoglobin content fell at the
beginning of the experiment but in 12 weeks reached a norm, The
average hemoglobin oconcentration in erythroocytes was at & norm of
33 + 1.Th. o changes were observed in the mumber of white blood
cells or in the hemogram, At the sume time the average aize of the
erthrocytes increased prograssively and by the 16th week had
reached a mexirum of 100 microns in ocontramt to the norm of 72
microns,

In the case of the action of bérylliusi 6Xide on rabbits, a
sliiilar hematologioal reaction was cbserved, The teets showed that
anemis develops differently in different types of animals. In doge
the number of erythrocytes, their average size, and the hemoglobin
change in o fashion typical of normochromastic maoroocytioc anemia,
In rabbite there was s lese~defined tendency toward a lowering of
the concentration of the hemoglobin of whole blood. In rats, with
& normal hemoglobin content, two other hematological indicatoxs
change as in maoroocytic anemia. Animals reaot differently to the
introduction of hemopoietic stimulators (lextron, follic acid, and
vitemin B4p), Lextron and feollic acid not only did not have &
favorable effect on the course of the anemia in dogs but even
hastened the doath of the animals, In rats, however, follic aoid
prevented the development of anemia and eased the severity of the
poisoning. Recovery from anemia cccurred spontanecusly in 3.5 to
4 months.

G. Stockinger, R, llall, and others (32), in studyin; the
action of beryllium sulfate when inhaled in 11 speoies of aninals,
eostablished that 6 hours of exposure to the acticn of beryllium in
concentrations of 1, 10, 50, and 100 milligrams per cubic meter is
absolutely fatal for most of the species of test animals when the
concentration is 50 millisroms per cubic meter. For concentrations
of 10 milligrams per cubic meter there was a low mortality rate for
all syecles of animals except the white rats. In the case of 100 day
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exposurs to beryllium sulfate in concentrations of one milligram
per cubilc meter there were no fatalities in any of the species
being tested.

The authors indigate the existence of two forms of acute
beryllium poisénings an acute toRie form in which the most
susceptible representatives of a gilven species perish -~ in these
cases death comes with small histological changes; a prolonged form
in which expressed pathelogical changes desvelop, sometimes leading to
the death of the animals 7 to 10 weeks After the beginning of the
experiment.

In the case of the action of beryllium sulfate in concen=~
trations of one milligram per oubic meter, the following pathologiocal
renctions of the organism are observed: acutc inflammatory
phenomena in the lungs, anemia, changes of some lipids of the red
blood cells, chanwes in the amount of protein in the serun,
disruption of the nitrogen exohange, and changes in the oxygen
ocontent of the arterial blood.

In the ocase of the inhalation of beryllium, the preatest
amount of it is found in the lungm and the lymph nodes., Baesides
this, beryllium is found in lesser quantities in the liver, kidneys,
spleen, bones, and teeth.

In the case of the inhalabory action of beryllium sulfate in
concantrations of 10 milligrems per cubioc meter over the course of
9% days, the quantity of beryllium in the lungs of white rats,
guinea pigs and dogs reached 4 to 11.6 milligrama per gram of tissue.
In the case of the action of beryllium sulfate in concentretions of
one milligram per oubio meter for the same duration of the experiment,
the content of beryllium in the lunys was O¢6 to 1.6 milligrams per
gram of tissua,

A general roaction of an organism to beryllium is the loss of
weight in animals. The greater is the ooncentration of beryllium,
the greater is the loss of weight. 48 & rule, the loss of weight is
accompanied by a lessening of the appetite. However, it was noted
thet dogs which were being subjeoted to the action of small
concentrations of beryllium, while eating all their food, often
lost weight the same a8 animals which refused their food.

In small concentrations beryllium sulfate after 3 to 8 weeks
of use causes anemia in dogs with a decrease in the number of
erthrooytes (to 1.5 to 2 million per cubic millimeter) and in the
hemoglobin ({rom 1 to 2 grams per 100 grams of blood) and also an
inerease in the size of the erythrooytes from 98 to 110 microns.

In rats and rabbits anemie was observed upon the action of beryllium
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in high concentrations (47 to 100 milligrams per cubic meter), Besides
chanses in the red blood in dogs, rats, and rabbits, high concentra-
tions of beryllium cause leuccoytosis up to 40,000 in a cubio
millimeter (rats) and thrombocytosis (rabbits and rats) up to

800,000 in & ocubic millimeter. For dosas of 50 milligrams per

oubic meter, 50% of the test animals had.albumin in the urine, This
did not oocour in rabbits. In the blood there appeared hypo-
albuminennia with a tendency to hyperglobulinemia., There were some
ohanges in the amount of protein in the sarum,

The reaotion of lung tissue to the action of beryllium sulfate
has an inflammatory oharactear with the occurrence of interstitial
and introalveolar edema., This edema along with atelectasis and
emphysemna of the lungs causes oonsiderable changes in the lung
gtructure, The structure of the alveoll is destroyed in many places,
because of the appearance of accumulations of lymphooytes, monooytes
and scmetimes plasmatic cells with & relatively small number of
neutrophyllic leucocytes. The exudate within the alveoli contains a
large quantity of yhagooytes, the oytoplasma of which 1s filled with
a gramlar substance, prebably fragments of cellular miclei.
affliotion of the bronchial and bronchioclitic ephythelia, its
defurfurcatien, and hyperplasia with thickening of the walls of the
alveoli are ohserved,

In the case of th> aotion of high concentrations of beryllium
(47 to 100 milligrams per cubic meter), in 2 to 3 weeks from the
beginning of the experiment rabbits show sharply defined lung
ailments in the form of edema, hemorrhsge, and focal necrosis of
the tissue. '

Similar results were obtained by J, Scott (32) who conducted
tests with white rats, mice, guines pigs, hamsters, rabbits, and
dogs using beryllium sulfate in a ooncentration of 88 milligrams
per cubic meter with particle sizes on the order of 4.5 microns,

Iang demage appeared in the form of intrs-alveolar edema of
various degrees acoompanied by hyperstitial edems and thickening
of the alveolar saptas At & later period there was an exudation of
neutrophils and phagocytic cella to the terminal bronchi and to
the alveoli surrounding them. There also developed necrosis of
the liver cells and of the epithelium of the kidney canaliouli in
rabbits and white rats.

Go F. Sprague, Chs Lobell, and others (32), in the inhalatory
introduction of veryllium sulfate in concentrations of 4,5 milligrams
per cubic meter for 2 weeks of daily 6-hour exposurs, observed a
loss of weight in the onimals. Rabbits and dogs lost up to 5% of
their weight and hamsters and rats lost up to 11%,
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During the second week of the experiment the content of
residual nitrogen in the blood inoreased to 78 milligrams and toward
the end of the experiment it was at the level of 70 milligrams per
100 oublo centimeters. An increase in the duantity of albumin in
the urine of rabbits was discovered on the 6th day of the experiment.
By the 10th day the albumin cortent hed grown to 350 milligrams per
100 cublo centimetera, Toward the end of the axperiment it had
dropped again to 80 milligrems per 100 cubic centimeters,

Ve V. Hel'nikov (37, 38) studied the action of beryllium
acetate usin, inhalatory introduotion in a special chamber on rats,
inice, and rabbits. IHe established tha. for a single two-hour
exposure, beryllium acetate in a concentration of 70 milligrams per
oubic meter causes the death of 50% of the animals while in a
ooncentration of 8 milliyrams por cublic meter it is endured by all
animals,

Acute poisoning by beryllium acetate hes three stages. In
the first stage there is motor stimulation which lasts for 35 to 50
minutes with coughing end sneezing. Then there is a period of
depression in which the animsls lie on thelr sides and some of them
g0 to sleens During this period there is acute shortage of breath
and cyanosis., The depression staje passes into an agony stage and
the animals die.

V. V. lel'nikov studied in rats the toxic effeoct of beryllium
acetate in concentrations of 0.03, 3, 0.3, and 30 milligrams per
cubic meter for a two-hour exposure a day over the course of 40 days.
He found that for a concentration of 30 milligwvams per cubic meter
the animals experience a considerable loss of weight, For leaser
concentrations there is a slow inorease in weight; however, it is
always less than the weight gain of the contirol animals. The
pathomophological picture of the dend animals thet underwent acute
intoxicotion is characterized by extensive edema of the lung tissue
and the presence in sone cases of ocatarrhal desquamtive pneumonie,
Severe degonerative changes with the presence of proliferative
phenomena are observed in the liver, kidneys, and spleen,

In the case of the use of concentrations of 0.0% and 0,3
rmilli rams pes cubic meter, 30 days after the end of the experiment
there were conparatively small changes which could be observed in
the form of a productive intermediate .rocess, In using a oconcen=
tration of 3 milli,rams per cubic meter w more expressed productive
process is observed in the lungs of the animels; in a number of
cases characteristic single miliary gramulomas are formed. In some
animals catarrhal desquamtive bronchitis and catarrhal pneumonia
were detected. In giving snimals a concentration of 30 milligrams
per cubic meter, catarrhal and catarrhal puppurative bronchitis,
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desquamtive and fibrinocus pneumonia, and fibrinous suppurative
pleurisy are ohserved. Simultaneously with affliction of the
lungs there are nlso degenerative changes in the liver, lkidneys,
spleaen, and heort muscle.

In order to determine the fatal concentrations of bexyllium
acetate, V, V, liel'nikov used the conditioned reflex method. For
white rats he developed a conditioned motor reflex to a sound and
light stimulant on the basis of a non-conditioned food reflex, Then
the aninuls were subjected to the action of the vapors from the :
distillation of veryllium acetate in small concentraticns for short
single exposures, After this they checked the previocusly developed
oconditioned reflexes.

On the basis of the results which were obtained it was :
established thut beryllium avetate in concentrations of one millie
gram per oubio meter for a single hour exposure causes a lowering of
the reaction to & sound stimulant and then a prolapse of different
oconditioned reifexes both to sound and light stimulants. The use of
bYerylliun acetate in concentrations of 0,08 milligrams per cubic
meter causes in all animals a disruption of the inhibiting process,
and in & mmver of cases there is a prelapse of individual conditioned
reflexes, Only in concentrations of 0.02 milligrams per cubic metex
does beryllium acetate for one-time use not have any influsnce on the
highor nervous activity of the animals, The same dose when used
for 60 days causes changes in the conditioned roflex aotivity of
animals and morphological changes in the cerebral cortex (deforma-
tion of the dendrites, their uneven thiockening, the disappearance of
the spine=-shajed appendages which are normal to the structura of the
dendrites), llowever, these changes disappear after the cessation of
the experiments,

For the study of the action of insoluble compounds of
beryllium, Re Hall, J, Scott, and others (32), using inhelation,
introduced four types of beryllium oxide whioh differed in particle
siza into ocais, dogsy, guines pigs, rabbits, rcts, and monkeys,

4ds a result it was established that fireproof forms of
beryllium oxide hoving relatively large dust particles (5 to 12.7
microns) do not cause even the symptoms of disease. Pathological
changes in the orzanism of control animals were noted only for
finely-dispersed beryllium oxide of a particle size of from 0.38
to 0.47 microns, ‘here was a loss of appetite, lower arterial
oxygen pressure, hyperglobulinemia and hypoalbuminemia, higher
alkeli phosphatase of the serum of the blood with subseguent
falling and cccurrence of anemia., In pathoanatomical sections of
the lungs an inflammatory reaction was found which was characterized
by hyperalveolar and interstitiel edema with fagooytic infilitration
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and the presence of ymphooytes and prenuloocytes, The granulocytes
consisted chiefly of polymorphonuclear neutrophils, but there were
also eosincophils and myeloid forms, Thore was also defurfuration

of the bronchial epithelium and hyperplasia of it and also thickening
of the walls of the alveoli,

Thene works showed that the toxicity of beryllium oxide
depends oompletely on its degree of dispersion. As the dispersion
inocreases, so do the toxioc properties of beryllium oxide and alao
the other insoluble compounds of this metal. The testa by
V., V. Mel'nikov in 1957 and 1958 confirm these conclusions.,

' The Toxioity of Beryllium Whesn Introduc o the G - gt
780

The introduction of beryllium into the gastro=intestinal
tract of experimental animals also osuses a series of pathological
changes. . iigynard, V, Downs, and G, Hodge (32), who mixed
beryllium sulfate and beryllium acetate, metallic beryllium, and
beryllium oxide in the food of white rats, observed the influence of
beryllium on the growth and foou consumption of the test animala.
They also diosuvered a considersble inorease in the metaphysis area
of the proximal onds of the tibia,

F. Clemperrer, J. ldiller, and K, Hill (32), citing a number
of authors, note that & diet with an excessive beryllium content
causes rickets in animels. The development of beryllium rickets was
explaoined by the autliors as a sharp hypophosphatemia which ococcurred
as a result of the depositing of beryllium phosphate in the
intestines and the lessening of its suotion from the gastro-
intestinal tract. However, T, F. Aino and A, B. Goodman established
that bverylliwn has a harmful influence on the local faotor in the
calcification ol c.rtilage.

Tests which were conducted with B-glycerophosphate as the
only source of phosphorous in concentrations of 10 milligrem percents
of phosphorous in the absenge of beryllium and with it in concen-
trations of 10~3, 1074, 1072, and 10~® M showed that beryllium in
concentrations of 10®7 M and higher completely blocked the
calcification or cartilage in vitro and in coucentrations of 10"6 M
caused a noticeable inhibviting effect.

Because the role of phosphatase in the formation of bony
tissue is very creat, it was assumed that the disruption of the
normal formation of bone depends on disrupting the activity of this
enzyme with beryllium, In the tests the authors used solutions on
enzymes prepared from defatted and dehydrated swine kidney powder
to which was added beryllium sulfate in concentrations up to 10-5 M,
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Beryllium caused an inhibition of alkaline phosphatase of up to 60.4%.
Fe Grayer, M. Hood, and M. Hogeland (32) tested the action of
various concentrations of beryllium on the activity of alkaline
phosphatase for extracts of bone, kidney and intestine from rats,
They also used extracts from the serum of a person with high
phoaphatase aoctivity eand from a sarooma of & rat. The solutions of
beryllium for these testa were prepared from beryllium sulfate,

The results of the experiments showed that beryllium in small
concentrations on the order of 10"/ M inhibits the activity of
alkgline phosphatase, With a maximum beryllium doncentration of
10~4 M, extracts of bone, kidney, human serum, and rat osteogennous
sarcoms show approximately the seme deégree of inhibition, 40%.
Extraots of intestinal phosphatase ard inhibited by 60 to 70%,
Similar results indicating the suppression of the activity of
alkaline phosphatase under the influence of small concentrations of
beryllium have been obtained by other authors.

Numerous experimental works by both foreign and Soviet authors
have shown that beryllium is a highly toxis substance which ocmuses
Pathological ohenges even in amall concentrations.

The olinical and pathologico-anatomioal picture of afflictions
from beryllium and its compounds depends on the method by whioh it
is introduced into the organism of experimental enimals, on the
solubility of its salts, and also on the degree of dispersion of
metallic beryllium and its insoluble compounds, The most toxic are
the soluble salts of berylliumj almost as toxio are the insoluble
finely-dispersed oompounds with particles lese than one mioron in
size. Insoluble compounds of beryllium with particles of greater
olze are less toxia,.

The introduction of beryllium into the organism of animals in
toxic doses leads to the development of a local reaction with
inflamation and edema, ochanges of the protoplasm of the cells and
necrosis of the tissue, damage to the liver, kidneys, and spleen,
hematological changes (maorooytario anemia and leucooytosiay,
disruption of the biological processes of the organism, lowering
of the activity of the alkaline phosphatase and disruption of the
calcification of the bony tissue, and the development of malignant
tumors ( osteosarcoma, etc,). ,

Thus beryllium is & general toxic poison which causes the
development of nrofound irreversible processes in the oryanism of
ohimalss The size of a fatal dose depends on the method of intro-
duction, the physical-chemical properties of the beryllium compounds
which are taken, and the type of experimental animal,
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In the case of the inhalation of beryllium and its compounds
the most prominent effeot is affliotion of the respiratory organs,
oocourring as inflemmatory processes with the occcurrence of inter-
alveolar and hyperstitial edema and the development of bronchitis
and pneumonia, At the same time other organs and systems are also
afflioteds The inhalatory method of having beryllium enter the
organism of man is of greatest danger because the reocorded cases
of people bacoming 1ill under the ocohnditions of beryllium production
have chiefly involved the entry bf beryllium and its compounds
into the respiratory organs. ' i :

The determination of harmless concentrations of beryllium in
air whioh is inhaled is one of the moet vital tasks in preventing
work=connected ailments in bveryllium production. In order to
solve this problem experiments have besn undertaken involving the
study of the toxioology of beryllium and its compounds as have
olinical observations over the astate of health of production
workers anl also the local population in the area of beryllium
enterprises,

The American Industrial Hygilene Asscoclstion established a
maximum permissinle oonoentration of beryllium in the air of
production facilities for an 8 hour working day of 0,002 milligrams
per oubic meter and of up to 0,025 milligrams per cubic meter for
short periods (1ess than 30 mimites), For the outaide air in the
vicinity of plants whioch process beryllium, the permissible average
monthly concentration is 0,00001 milligrams per oubic meter. (36)

Ve Ve Hal'nikev rocommends p8 o maximum permissible concen-
tration for beryllium acetate (soluble selt) in the air at
production faocilities for a & hour working day a value of 0.001 to
0.002 milligrams per ocubic meter and of 0,01 to 0,02 milligrams per
fubio xs\eter for finely dispersed beryllium oxide (insolubls salt).

37=39

In the Soviet Unlon the hyglenic regulations have established
the maximum permissible concentration of beryllium in the air at
production faoilitles as 0,001 milligrams per cubic meter.

For open resarvoirs G, D Lebedeva (34) proposes that 0,01
milligrams per liter be oonsidered a harmless concentration for
beryllium chlorides Ae Fo Zaytseva and Ye. G. Repina (40), on the
basis of tests on the influence of beryllium on the sanitary state
of a reservoir, recommend that the maximum permissible concentration
of beryllium for reservoirs be 0.05 milligrams per liter.
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LABCR HYGIEINS IN WORKING JITII BiRYLLIUM

ﬁollowing ir @ tranalation of parta of Chapter 5 of
& book by Valentin liikhaylovich Kezlov and Valentin

Imitriyevich Turcvskiy entitleds &PLMM,
K1 he @ Berylliums Toxicology,
P}

Cliniocal Aspects of Diseases, or Hy.lene), State
Publishing House for Literature in the Field of Atomio
Soience and Technology, Mozcow, 1962, pages 84«93

s of

In the production of beryllium means of individual protection
are employed whioch protect the human organism from the harmful action
of toxio subatances (66=70),

The means of individual protection include ocoveralls which
are employed under production conditions for the protection of
the worker from mechanical, thermal and chemical action, glasses
which protect the eyes from radiant ener:y und also from mechanical,
thermal and chemiocal action, respirators of various types and
industrial gas masks for protecting the respiratory organs against
the entry of toxic substances, and antinoise devices which lower
the harmful effect of noise on the human orgunism.

In the production of beryllium special olothing is used with
whioh it is possible {0 completely cover the worker in e sanitary
slipover outfits, The set of speocial olothing for personnel working
on the basic technological processes of producing beryllium
inclwdess cotton underwear, socks or leggings, Suits, berets or
kerchiefs, boots or rubbers, cotton and rubber gloves, plastic
aprons, and sleeveguards.

In soms operations such as when working with.concentrated
mineral acids or in smelting departments, suits are used which are
made of coarse wool oloth which is more resisiant to acids and high
temperatures,
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Synthetio materials have been widely used in recent yesars
for making various oloths,

The All-Union Ressarch Institute for Labor Protection of the
All-Union Central Council of Trade Unions together with the Central
Institute of the Wool Industry and the Central Institute of the
Cotton Industry (69) developed a new cloth ~- & cotton moleskin
with & special acld=resistant impregnated oompound (moleskin
"555-KP"$, which has good protactive properties for working with
small conoaentraticns of aoids (not over 15%).

These institutes, from a mixture of coarse wool and
perchlorovinyl fiber, made ShithV-30 cloth which is highly resistant
to acids, The wearing period for suits made of the acid-protective
cloth is 2 to 2.5 times higher than the wearing period for special
clothing made from ordinery ocoarse wool cloth. However, the
ShithV=-30 oloth doea not have sufficient thermal resistance; at
temperutures above 70 degrees Centiyrade the perohlorovinyl cloth
softens w.nd when later cooled becomes hard and brittle. o

New syuthetic fibers have been developed and are being
produced by industry using polymerss vinitron, lavsan, nitron,
and ftorlon /fluorlop/s Se M. Gorodinskiy (71) and his co-workers
conducted tests of new fibers and established that cloth made from
lavsan is resistant to acid, has low hygrogsoopic qualities, is
thermal resisiant (softening temperature of 250 to 265 degrees
Centigrade), and has good mechanical durability.

The scientific research institutes sor silk and wool
together with other institutes oreated the following olothot
lavsan-silk type 215293 lavsan-wool (in e ratio of 111) type 350;
and staple lovsan type 773.

The lzboratory and production tests of the speociasl clothing
made of lavsan-gilk showed that in practice this cloth doces not
lose its durability under the action of concentrated hydrochlorie
and sulfuric acids and of concentrated bases. Under the action of
70% nitric acid it retains up 50 70% of its strength, The chemical .
resistance of lavsan-wool oloth has also been established as being
sufficiently highe

The permeability to air of lavsan cloth varies widely
depending on its structure. The funciional condition of the human
orgaaism when working in lavsan special clothing is within the
permisaible physiolojioal limits,

Cotton und wool special clothing wears out quickly and is
replaced three cr four times a year. The lavsan clothing, however,
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at the end of a yenr does not lose ite mechanical dursbility and even
its externel appearance does not change. In comparison with special
clothing made of natural fiber, the lavsan special oclothing is
considerably easier to wash off and eliminate any soil which ocan bve
handled by the washing agent while not losing its strength or
sanitary properties,

On the basis of the results which have been obtailned, it is
possible to recommend the use of cloths made of lavsan for special
clothing for workers involved in the production of beryllium,

The special clothing for workers in beryllium production
should have the smallest possible number of outs so that dust
containing veryllium will not get under the speoial oclothing. This
requirement is met by a special type of coveralls with a system of
vents and with sealed openings.

In order to protect the skin of his hands froam the aotion of
selts of berylliium, acide, and bases, the worker should put on
rbber gloves. In order 4o prevent mageyation of the skin which
could lead to the development of beryllium dermatitis, cotton
gloves chould Lo worn under the rubber gloves. Caps or kerchiefs,
whic.: are an espential part of the complex of special elothing for
workers in beryllium produotion, protect the top of the head from
contamination. Ilcstic aprons and sleevepusrds are worn on top of
the special clothing.

There must be strioet controls over the degree of sBoiling of the
special oclothing and over the freyuency of its change and repair.
The washing of speoial olothing solled with beryllium should be
conducted in plant laundries separately from the special clothing
from other production shops not involved in the production of
beryllium, The washing of specinl olothing which has bheen soiled
with Leryllium is not permitted ot home.

In order to protect the respiratory organs from the entry
into them of beryllium and its compounds, respirators, gas masks,
pneumatic masks, pnoumatic suits are employed. The F-45, F-46, FHB,
and other respirators which are used at most enterprises did not
find wide employment in the productlon of beryllium. Good hygienic
results under tlie conditlons of beryllium production were obtained
when using ShB~1 "Lopestok" respiratora (72, 73)e

The ShB=1 "Lepestok" respirator (Figure 24) is intended to
protect the respiratory organs from toxic and other dust when the
content of harmful substances in the inhaled air does notv exceed
200 maximum permissible concentrations.
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Tlguie 24, ShB-1 "lopostok" respirator.
1 +s bodyy) 2 «- rubber lase; 3 -« plate}
4 -~ supportay 5 ~~ straps

Filtering materials FMM~15 and FPP=15 which have an effective~
ness of 99.9% for the most penetrating aerosols are used in the ShB-1
"lepestok" respiraters The weight of the respirutor is sbout 10 grema;
the filtering surface is 250 squsxe centimetera; the resistance to
breathing 18 3 uillimeters of & water column. A proparly wora
respirator 1ice tightly ngainst the akin of the Tase (Figure 25),

\ Plygure 25. A properly worn 8hB-1 "Lupeatok" reepirater,

P -l
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In ocondunting repalr work conneoted with the opening of ;

apparatue and commuwnications when there are considerable inorsases in
the permissible ooncentrations of beryllium and other toxic substances,
one should use the pneumatic suits or pneunatio holmets which were
developad by A. A. Letavet and S, M. Gorodinskiy.

The "LG-2" pneumatio suit (Figure 26) is worn over the apecial
clothing and completely isolates the body and respiratory organs of the
worker from the gurrounding eaviromment. The suit has a glase viewer
mede of organic glass. The suit is made with a polyvinylohloride
leyer. The feeding of pure air into the pneumatic suit is conducted
using opecial alr lines, '

Figure 264 1G~-2 Pnoumatio Suit
1 == plustic coverallsy 2 -- folded apertures 3 -- hoses |
: 4 -~ exhnust valves 5 -- glass viewer. —J
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|"" When the conditions 4o not reguire the complete isolstion of '
the worker from the swrrounding environment, the 1LIZ«1 pneumatic helmet !
(Figure 27) is employed to protect the respiratory organs. It is made

of a thickened polyvinylehloyide layer and has & glass viewer of organioc

glasa, Air is fed into the pneumatic helmet by the same method as for
the pneumatio suit,.

Mgure 27 Ll4=1 FPnaumatlo Helmat
8 ~-= 8ide view; b == front view

41l citizens entering beryllium production underge & medicsl
examination. The cadre departments ¢f enterprises cannot permit
personnel to work with beryllium without a positive mediocal report.
The examinstion is conducted by a dootors! commission at polyclinics
of wedico-sanitiary units or of territorial publio health organs.

In conducting the medioal examination, special attention is paid
to the condition of the respiratory organs, liver, and ekinj the vital
capacity of the lungs is slvays determined (spirometry); an X-vay is
made of the chest} and a general olinical analysis of the blood and
urine is performed. ’
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Diseases viioch are oonsidered to bar the entry of a warker
into beryllium production include the following:

1) tuberculosis of the lungs in any form (the presence
of petrificates does not serve as a counter-indication)j

2) tuberculosis ocutside of the lungs (of the glands,
teaticles, bones, eto.)} ‘

3) diseases of the upper respiratory tracts and bronchis
deviation of the nasal bridge which hampers nasal reéspiration;
atrophioc rhino-pharyngal laryngitis; ozenaj; sycosis.of the nosej
chronic inflammatory processes of the supplementary cavities of the
nosej new growth of the upper respiratory tracts which hampers
respiration} chronic bronchitia; bronchial asthma; broncho-~ectatioc
illness}

4) pnoumosclerosis and emphysema of the lungsj

5) organis ailments of the vardiovascular system
(defeots of the heart, hypertonic illness, expressed arteriosclerosis);

6) ailments of the liver nnd of the bile tracts;
') nephrooig, nephritie, and nephrosclerosisj

8) all ailments of the blood and of the blood-produoing
organs; secondary anemia;

9) organic ailments of the central nervous systems
10) expressed endoorino-vegetative ailments;
11) ekin ailments; and

12) ohronic ailments of the eyelids, conjunctiva, cornes,
and tear ducts.

For workoers ontering an enterprise, the dootors! commission
fills out the form for the entering medical examinetion and the
conclusion of the coumission. A ochest X-ray io attached to the
enterin; medical examination form, All these doouments asre sent to
the shop doctor under whose obamervation the new worker will bde
loocated.

All personnel working with beryllium and its oompounds must

undergo a medical checkup once every six months. The basioc purpose
of the checkups is to detect the earliest signs of the action of
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beryllium and other production faotors on the organism of the workers.
The detection of the initial symptoms of such ailments makes it
possible, on the one mud, to implement timely medical-prophylactic
measures designed to prevent the development of severe irreversible
forms of bveryllium intoxication and, on the other hand, it helps to
determine the moat unfavorsble working areas vwhere it is necessary

to take concrete prophylactic measures to improve working conditions.

~ In addition, during the medical checkups ailments are
disoovered which are not conneoted with causes arising from the work
but which do require certain treatment and alsc ailments are
disoovered which preveht further work under the conditions of
beryllium production. '

} Periodia medical checkups of the workera are organized and
conducted according to plan by the medical-prophylactitc elements
vhich service Leryllium production with the direct partioipation of
the shop dootoretharapist and the industrial sanitation dootor. An
annual operational plan for oonducting periodic medical checkups is
compiled. ‘he plan covers the number of personnel to receive checkups,
their professions, the dates of the cheakups, ihe mediocal staff to
be assembled to conduot the checlups, and algec the number and types
of laboratory, X=ray and other examinations. The responsible person
for conduoting the periodioc mediocal ocheckups is the chief physician
(or his deputy for medical affairs) of the medical-prophylactic
office (medical unit). ldats of personnel to undergo the medical
checloup are presented by the administration of the enterprise. The
plan for canduoting a pericdic medical checkup is coordinated with
the trade union organization and the administration of the enterprise.
The administration of the enterprise is responsible for rrompt
appearanse of the personnel at the mediocal examinations in acoordance
with the approved plan; the medical office is responsible for the
quallty of the examanation.

In conduoting periodic medical checkups of personnel working
with beryllium and ita compounds, it ies necessary to have the
following medical specialistss theraplst, otolaryngologlst,
dermatologists, neuropathologist, and radiologist. The required
laboratory and other dlagnostic tests include the followings Xeray
of the chest, spirometer, and general analysis of the blood and
urine. Desides these, it is necessary to test the urine for its
content of beryllium. (74) (See Appendix IV) The results of the
checkup are entered in the mediocal booklet of periodic medical
checlkups which is maintained for each ongineer-technician from the
time he starts work; it is kept in a special file by the shop
dootor. The results of succeeding medical cheockups are entered in
the same medical booklet. This makes it possible to provide
continuing observation of the state of health of the worker and
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simplifies the ocheolking of the indicated medioal -prophylactio
measures, As a result of oconduoting a medical checkup it is
possible to uncovers ill persons with obvious symptnms of beryllium
poisoning; cases of suspected worke=connected ailments which require
further tests or observation; individwals suffering from a disease
which bars them from working with beryllium and its ocompounds;
persons with ailments whioh require bed or ambulatory treatment
oto,

Upon the oompletion of the medical ocheckup of the personnel
working in a given shop of an enterprise, a complete analysis is
mads of the resulte of the examinations. Depending on the nature
and degree of the pathological changes uncovered during the
examinations, appropriate medicel-prophylatic measures are designated,
inoluding the followings systematic dispensary observations
admission for bed treatment or testing; admission to a prophylactorium,
resat home, or sanitorium; provision of a special diet; vacation;
temporary romoval from the conditions of beryllium productionj
permanent removal from the conditions of beryllium production;
sending the person to a resort} eto.

Sanitary=hysienic measures to improve the working conditions
are being developed in these production areas where instances of
work=oonnected ailments are uncovered., These measuves are included
in a single oomplex plan of sanitary improvements or in the
collective agreement on lsbor protection, equipment safety, and
industrial sanitation at the enterprise.

The medical booklets for periodic medioal checkups of workers
who have oontacted work-connected ailments and of workers who are
suspected of havin, work=oonnected pathological changes are marked
accordingly and are kept in a separate card file under "work-
connacted siok'" and "suspeoted sick." Control cards are filled out
for individuals with general ailments reguiring dispensary cbserva-
tion,

The diegnosis of an acute worlc-connected ailment is esteblished
on the basis of tests of the ill person, his prophylactic anamnesis
and prophylatic course, and the nature of the working conditions
immediately prior to the outbreak of the illness,

The diagnosis of a chronic work-connected ailment is
established by & doctors! consultative commission after confinement
and testing on the basis of olinical data which has bveen confirmed
by the appropriate laboratory, X-ray and other tests.

Each case of an acute work-counected ailment with loss.of
oapacity for work and all cases of chronic work-connected ailments

- 24 -



with or without loss of capacity for work ars to be investigated in
acoordance with the "Regulation on the notifiostion and registration
of work-connected poisoning and work-coinected ailments" and the
"Instructions on conduoting the registration, follow=up, and records
on work-conneotad poisoning and work-connacted ailmente," as approved
by the People's Commiseariat for Public Health of the USSR on

16 Februery 1939, On the btasis bf the materials from the investiga-
tion, the industriml-sanitary physician together with the shop
doctors sach yuarter conduots a detailed analysis of the work-
connected disesse rate and indicates sanitery measures to be
implementad, The data on the work-connscted disease rate and the
list of sanitary measures ere disocussed at a meeting with the ohief
engineer of the plant whioh is attended by the ohiefs of the .shops
and representatives of the trade union organization.

The struzple against the temporary loss of capacity for wark
is of great importance in the Agtivities of a medical-prophylactio
office and the industriasl-sanitary service of a sanitary=-epidemico=
lo;ical station which serve the personnel of an enterprise,
inocludin: those involved in the producstion of beryllium and its salts,
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PROTECTION OF TME EXTERNAL ENVIRONMENT
FRQM BERYLLIUM CONTAMINATION

ﬁollowing is a translotion of Chapter 6 of a book by
Velentin kilhaylovich lozlov and Valentin Dmitriyevich
Turovsakiy s T 0 P niy,
mg_anﬂmi Berylliums Toxicology, Clinical aspects
of Diseases, Labhor Hygienn), State Publishing House for
Literature in the Fleld of Atomic Solence and Technology,
Hosoow, 1962, pages 94-98

Besides the bLasic component elements (oxygen == 49.5%,
silioon -- 25,74, Bluminum -= 7,%b, iron -- 4.Th, onleium -- 2,4%,
scdium -~ 2,60, eto.) all the elements entering into Mendeleyev's
System are contained in dispersed form in small quantities under
natural gonditions in the surrounding external environment
(atmosphere, hydrosphers, and lithosphere). (6)

The ele!ents us e result of the oonstant o:change of substances
anter plants and animal organisms,

In the composition of living organisms, besides the 11
macroelements (hydrogen, oxyien, ocarbon, nitrogen, sodium, magnesium,
phouphiorous, sulfur, chlorine, potessium, and calcium), which are
contained in concentrations of from whole mumber to hundredth
percentages, there are 39 miocroelements, inoluding beryllium, Many
of these microelements are of great importance in the biological
processes as mineral catalysts entering into the composition of
biological substrata. The content of beryllium in animal organisms
is 0,000001%, and in »lents it is 0.001%, The quantity of beryllium
in the human organism and in animals depends on its content in the
external einviromment,

The importance of beryllium a8 & microelement has not been
studied sufficiently, However, it is known that increased concene
trations of it inh an organism cause a seriea of pathological changes.
Acoording to the data of N, M, Tomson (6), an excess of beryllium
along vith simulteneous insufficienoy of calcium in an organism
leads to berylliwm rickets in animals,



The development of the industrial production of beryllium in
recent years has led to its spread in the external environment to
considerable distances, ochiefly as & result of production discharges
into the atmospheres (75, 76) The tontamination by beryllium of the
surrouwnding environment in the awea of & plant which is receiving and
processing beryllium considersbly exceeds the ooncentrations of
beryllium which are encountered under natural conditions, even in
areas whioh are rich in beryllium and other minerals containing
beryllium, The beryllium which is in the atmosphere near the enter-
prises enters the organism of people living in the area of the
entorprise and in a number of cases causes pathological changes which
lead to the development of bexylliosis. J. Sterner and
M. Bisenbad (32) recorded ten casaes of affliotion with berylliosis
among people who had lived for ten years in the vieinity of beryllium
yroduction. M, Eisenbad (10), indicating the high toxioity of
beryllium, desoribes a case of acute disease of the lungs caused by
beryllium; this was recorded for a person living in the vioinity of
a plant for the extraction of beryllium from ore in Donora,
Pennsylvunia, U3A; however, this aocute case was the cnly one among
instanoes of chronic affliction,

Among peraons living at a distance of 1,200 meters from this
plant, there were 16 recorded cases of berylliosis, 5 of whioh endad
in death. A test of the contamination of the air by beryllium in
the vieinity of the plant during a period of normal operation showed
thaet the concentration of beryllium at a distance of 1,200 meters
from the plant varied batwean 0,00001 to 0,0001 milligrams per
oubic meter. At a dintance of 400 meters from the plant vhere the
concentration of beryllium in the air was 0,001 milligrams per
cubic meter, the fregquenoy of cases of berylliosis among inhabitanta
not involved in the production of beryllium was about 1%

G. V. Charberlain (36) points to 21 cases of berylliosis
vhich developed among persons living near a place of beryllium
production but whio did not have working contact with beryllium.

In addition, he states that in the spectroscopic exemination of
lung tissue of 13 inhabitants of this area who had died of various
causes but did not have ocliniocml symptoms of beryllium disease, in
12 peraons there was beryllium. In one of these cases beryllium was
found in the lung tissue of a three year old baby who had lived

16 kilemeters from the plant,

I. 1, Nardi (36) reports of 20 cases of berylliosis of non-
vork-conneoted origin amony nersuns living near enterprises using
beryllium and among members of the familiea of workers at these
enterprises who brought home clothing which was contaminated with
beryllium, Of this total, 6 cases ended in death.
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According to the data of M, Eisenbad (10), in the vicinity
of a beryllium plant at a distance of 100 meters from the waste
stack which was 10,5 meters high, the concentration of beryllium in
the air was approximately 0.0002 milligrams per cubic meter for a
total discharge of 2,268 grams of beryllium per day or 68 Kilograms
of bveryllium per monthe The main scurces of the entry of beryllium
into the atmosphere were the operations at the subliming and
pyrolysis furnaces, the sgction for receiving and leoading the
hydroxide, the point for packing the prepared product, and the
drier unita. Desides these, the air of the air-circulation systen
which had become contaminated when repairs were being performed
while the apparatus was open could be a source of beryllium
contamination of the atmosphere. :

In ordexr %o lower the concentrations of beryllium in the
disoharge air, they employ sleeve filters and wet scrubbers; however,
with this mp thod the necessary cleanliness of the discharged air is
not achieved,

For cleaning air with high oconnantvations of dust and with
dust particles greater than one mioron in size it is proper to use
sleeve filters, OSuch dust is fommed during the processes of crushing
and pulverizing the heryllium concenirate and sodium fluceilicate
and also during the operations of preparing a charge.

The cleaning of the air in places where gases and aerosols
are formed is beet performed using foam appa ‘atus. Foam apparatus
are scorubbers in which aerosols of beryllium are attracted by the
sprayin; compound in the counter ocurrent of air. In order to
increase the contaot surface, nozzles are employed on which there
forms a laysr of foam which gives greater effeotiveness in trapping
the merosols, Such a type of oleaning device can be recommended for
the preliminary oleaning of air whiolh has been expelled by local
pumps from the equipment, at operations of roasting & charge, in
drying units, in subliming and pyrolysis furnaces, in decomposing
furnaces, and in other production sectors where considerable
quantities of dust or gas are formed.

Besides the foam apparatus, for preliminary ocleaning it is
possible to use centrifugal rotat clcaning it is poasible to use
centrifugal rotating dust removers (77) and fiver filters with a
fiber diameter of 500 to 10 microns, Fiber filters retain up %0
98/% of the beryllium aerosols. When using fiberglass, special
attention should be devoted to the even diastridbution of the filter
layer, otherwise the air streams can create spaces between the
fibers through which the aerosols can pass freely through the
filter.



hir from the local pumpa and technological blowers which

has been preliminarily clesaned of the maeln mass of dust must go to
the exhaust ventilating center for further cleaning by the two=-step
method., Fér the first step of cleaning the eerosols it ia possible
to use granular tower filters in which chareoal turnings and teflon
and rubber grains are used as the filler. The filtration 1in
granular filters is based on the presence in the air of aerosols of
condensation origine. The effectiveness of these filters reachee 9%,

Besides the tower granular filters, it is also possible to
use fiber filters as the first stage in oleaning eir of aerosols at
the exhaust ventilation center,

A higher deyree of oleaning the air while trapping finely
dispersed aerosols (less than one micron) is provided by the second
atep of oleaning using frams filters of FFP=-15 fabrioc,

FrP=-15 fabrio carries an electric charge. The trapping of
the aerosols is accomplished both by the electrostatio precipitation
of chargsd particlss and botween the fiberd of tha fabris, the
thickness of which is less than one mioron, The effectiveness of
-cleaning ueing frame filvers of FPP-15 fabric reackss 99.997%, The
air after the fianal cleaning through the frame filters of FFPP=15
fabric can be discherged into the atmosphere:through a pipe, the
height of whioch hns been ocalculated,

The air of the general ventilation system which is evacuated
tfrom the zone of the equipment and the repair=transport areas also
should be cleanad by the equipment of the exhaust ventilation center.

The yuestion of the location of enterprises involved in the
production of verylliam is of great imporitance in protecting the
health of the swrrounding population beocause the toxicity of beryllium
exoesds the toxivity of all compounds previously used in industry
and because there is no information on the influence of emall
concentrations of veryllium on the organism of man throughout the
course of his life, In building plants for obtaining and using
beryllium, it is rnecessary to envisage a sanitary-protective zone
with o radius of not less than 2 to 3 kilometers,

Along with the gas and aerosol discharges, there are also
liquid and solid wastes which have an unfavorable influence on the
extent of contamination of the external envirorment. (78,79) Solid
wastes in the form of dismaontled equipment, building rubble formed
during reconstruotion work, and the waste pulp and residus which
contains residual amounts of heryllium can be secondary sources of
beryllium contemination of the air and soil. Therefore, all
dismantled eyuipment, contaminated gear and other parts should be
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oarefully washod in special premises and only afterwards should
they be taken out of the shop for further trausporting or repair.
Building rubble and other solid wastes which are not to be used
any more should be buried in a speclal area on the plani grounds.
Wastes which are to be burned should be burned in special furnaces
vhich are equipped with a system for trupping seroscls’from exhaust
{;0808,

Production wastes in the form of. Jpulp, oakes, end gravel
should be cast into a waste reservoir by a hydraulic conveyor system,
The purified water of the waste reservoir should be reused primarily
in the hydraulio conveyor system.

The waste reservoir should be separated from any living
yuarters, public buildings, and rest areas of the workers. Around
the waste reservoir there should be a sanitary-protective zone with
e radius of not less than one kilcmeter,

Ia ordexr to eliminate the possibility of forming duat 'u.nd
opreading it from the surface of the waste reservoir, the waste
should be covered with fresh dirt as the ve.rious sections, start to
£i11l1 us,

The industrial waste water from %heryllium production can
cont:uiinate open water reservoirs witih beryllium,

The works of ae F. Zaytseva and Ye, G. Repina (40) indicate
thut & beryllium content in the water of Q.05 milligrams per litey
does not have & retarding effect on the biochemiocal processes of the
consumption of oxygen. Concentrationa of beryllium in the water of
0.5 to 1 milligram per liter cause a retardation of the oxidation
of glucose (BPK-8 was 52 to 58%); for a beryllium content of
3 milligrams prr liter the consumption of oxysen was sharply
retoaxded (BFK-0 was 27.); and for 5 milligrams por liter it atopped
coupletely.

‘his date makcs it possible to establish the fact that the
retardin; of the processes of the blochemical consumption of oxygen
beyins with concentrations of beryllium in water of greater than
0.5 milligzrams per liter. The later can have a negative effect on
the operation of equipuent designed to accomplish the biological
purification o1 waste wnter and can also disrupt the processes of
self-purification of the reservoir from orgrnic substances of
ordinary waste,

v/este water {rom beryllijm production should be cleaned

thoroughly and after this should be returncd to the technological
process,

-3 -



G

10.

32,

36,

40.

75e

764

7.

784

79

5570
CS0s

Then the water of open reservoirs will remain pura.

BIBLIOGRAFHY

Tomsony Ne Me, WMMW
Zaryoazneniya (Sanitery Protection of the Atmospheric Air

from Contamination), lMedical Publishing louse, Mosoow, 1959

Vayt /fhite/, D., Barke, Dzh., Berilliy (Beryllium), Foreign
Literature Publishing House, Mosoow, 1960,

Letavet, Ae Aoy Toksiknlogive berylliya (Toxicology of Beryllium),
a aolleotion of translations and reviews of foreign periodical
literature, Foreign ldterature Publishing House, Moscow, 1953.

Vorob'yeva, R« Ss "Berylliosis, Its Distribution, Prophylaxis,
end Ireatment" (Summery of the muterial of a oconference in

the USA), e88i0 abolevaniya
(Labor Hyglene and Professional Ailmentag No. 1, 1960

Zayteeva, Ae Fap Repina, Ye. G,y "The Influence of Beryllium
on the Processes of Sell-purification in a Viater Reservoir,”
Sbornik referatov po radistsionnoy meditsing (Collection of
Short Articles on Radiation Mediocine), Volume IV, Medical

Publishing House, Moscow, 1961.

Marzeyev, A« No, Kommunal'nava zigivons (Communal Hygiene),
Mediocal Publ:l.shi.ng Houase, Moscow, 1951,

Gol'dberg, iis Sey Sa a_okhrana vozdvikhs (Sanitary
Protection of the Air), liedical Fublishing Housee, loscow, 1960.

Prechistenskiy, S. A., Tgentrifuazi ¢_aerozole T
(Centrifuging Aerosols at TgRP), Atomic Publishing House,
MOBCOW, 19600

Charkinskiy, S. Noy BSanit a_okhrane vodovemov ot 2 -
znenive promyshlennymi stoohnymi vodami (The Sanitary
Protection of Reservoirs from Contaminntion by Industrial
Waste Water), Medical Fublishing House, Moscow, 1949.

Cherkinskiy, S. Ney, Ssanitarnyye usloviye spuske stochnykh vod
v_vodoyemy (The Sanitary Conditions of deleasing \laste Water

into Reservoa.ra), Publishing House of the Miristry for
imnicipal Economy of the RSFSR, Moscow, 1951,

8221-D - END -~

-32 a



