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THE BIOLOGICAL EFFECT OF BERYLLIUM AND ITS COMPOUNDS 

[ A r t i c l e  by V. V. Melnikov and V. F. Kazenashev] 

A number of va luab le  p r o p e r t i e s  such as l i g h t  weight, r e s i s t a n c e  

t o  . corros ion,  r e f r a c t o r i n e s s ,  low d e n s i t y ,  h igh  permeabi l i ty  f o r  

x-rays etc., have l e d  t o  t h e  use  of beryl l ium i n  s teel  c a s t i n g  p l a n t s ,  

non- ferrous c a s t i n g  pl.ants, t h e  chemical, pharmaceutical and pet ro-  

leum -indus t r i e s ,  t h e  ceramics indus t ry ,  machine t o o l  and nuc lea r  . 

i n d u s t r i e s ,  e l e c t r o n i c s ,  a v i a t i o n  and rocke t  const ruct ion.  In a d d i t i o n ,  

t h e  unusually h igh  t o x i c i t y  of beryl l ium and i ts compounds is known 

from both experiments and i n d u s t r i a l  condi t ions ;  t h i s  p laces  t h i s  

element i n  t h e  series of substances wi th  which con tac t  i s  dangerous 

t o  t h e  h e a l t h  of a wide range of people working wi th  it. 

The experiments of Gardner and Haslington,  who revealed t h e  b las to-  

mogenic e f f e c t  of beryll ium, have been corroborated by a number of 

s t u d i e s  (Barnes; Vorwald; Komitowski and o t h e r s ) .  These experiments 

have b a s i c a l l y  concerned intravenous admin i s t ra t ion  of ZnBe s i l icate  

and 

neoplasms. 

e f f e c t  was produced were 1-2.1 g ,  and 0.36-1 g f o r  beryll ium oxide;  

t h e  l a t e n c y  per iod ranged from 7 t o  1 2  months i n  us ing ZnBe s i l ica te  

and from 8 t o  11.5 months i n  us ing beryll ium oxide. 

appeared i n  t h e  o the r  experimental  animals (guinea p igs ,  rats). The 

primary tumors were i s o l a t e d  i n  some animals and were mul t ip le  i n  

o t h e r s ,  wi th  l o c a l i z a t i o n s  i n  t h e  head of t h e  r i g h t  femur, i n  t h e  

body of t h e  lumbar ve r tebrae ,  i n  t h e  d i s t a l  end of t h e  r i g h t  femur, 

beryll ium oxfde i n  r a b b i t s  f o r  t h e  purpose of obta in ing bone 

The t o t a l  doses of ZnBe s i l ica te  wi th  which a p o s i t i v e  

No bone tumors 
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i n  t h e  t i b i a  and humerus, the scapula,  h i p  bones. 

grew i n t o  t h e  adjacent  muscle and compressed t h e  organs. 

The tumors o f t e n  

In a l l  t h e  works except  one, metastases were observed i n  o t h e r  

organs, most o f t e n  i n  t h e  lungs.  

t h e r e  were no metastases i n  t h e  animals whose spleen had been previously  

removed. The metastases i n  t h e  lungs were small and few i n  number 

in.some cases, and i n  o t h e r s ,  t h e  tumorous nodes occupied approxi- 

mately h a l f  of t h e  volume of t h e  lung t i s s u e .  

It is i n t e r e s t i n g  t o  n o t e  t h a t  

Focal f i b r o s i s  of t h e  

bone marrow w a s  observed i n  t h e  ends of several of t h e  long bones i n  

most of t h e  animals. 

macules which were found t o  be accumulations of d u s t  from t h e  beryl-  

lium compounds on microscopic examination. 

The red  bone marrow contained m u l t i p l e  white 

Several au thors  have turned t h e i r  a t t e n t i o n  t o  atrophy of t h e  

spleen and c i r r h o s i s  of t h e  l iver .  Thus, Janes came t o  t h e  conclusion 

t h a t  t h e r e  i s  a d e f i n i t e  c o r r e l a t i o n  between atrophy of t h e  spleen and 

formation of osteogenic sarcomas. 

mals i n  which no tumors were found, although they had received t h e  

same amount of beryll ium as t h e  r a b b i t s  which had developed osteo-  

sarcomas. 

The spleen w a s  normal i n  f i v e  ani-  

A p o s i t i v e  r e s u l t  w a s  obtained i n  r a b b i t s  a f t e r  intravenolrs 

adminis t ra t ion  of 40 mg of metallic beryll ium powder, beryll ium 

phosphate and lactate and "phosphor" powder which con ta ins  beryll ium 

oxide, z inc  oxide and s i l i c a  i n  t h e  molar r a t i o  of 1:1:1 with a 

t o t a l  dose of 0.06-0.09 g. 

i n  r a b b i t s  af ter  i n h a l a t i o n  of beryll ium oxide i n  'ihe concentra t ion 

A case of osteosarcoma has  been described 
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3 of 6 mg/m with d a i l y  exposure of f i v e  hours f i v e  times a week f o r  

eleven months. A sarcoma in  the  l e f t  pubzc bone was  found 17.5 

months a f t e r  termination of t h e  experiment. 

None of t he  communications have contained information concerning 

the  formation of malignant tumors i n  con t ro l  animals and p a r t i c u l a r l y  

i n  r a b b i t s  a f t e r  tox ico log ica l  experiments, f o r  two decades. 

An osteosarcoma which a ro se  a f t e r  treatment wi th  ZnBe s i l ica te  

was  not  shown roentgenological ly  u n t i l  30-52 weeks after terminating 

the  course of i n j ec t i ons .  The changes i nd i ca t i ng  t h e  development of 

an osteogenic sarcoma are usua l l y  of a d e s t r u c t i v e  na ture ;  i n  some 

cases  a t y p i c a l  bone t i s s u e  forms. The tumors appear i n  t h e  area of 

the  epiphyseal-metsphyseal junc t ions  of t h e  long tubular  bones, and 

i n  f l a t  bones such as t h e  scapu laand  h ip  bones. No osteogenic  sar- 

comas were observed i n  t h e  diaphyseal  s ec t i ons .  Microscopically,  

t h e  s t r u c t u r e  of a l l  the  tumors w a s  t y p i c a l  of osteosarcomas. Several  

types of t i s s u e  could be d i s t ingu ished  i n  each tumor - osteo- , chondro- 

and f i b r o b l a s t i c  t i s s u e  wi th  a l t e r n a t i o n  of s ec t i ons  of a t y p i c a l ,  

poorly d i f f e r e n t i a t e d  f i b r o b l a s t s ,  a t y p i c a l  c a r t i l a g e  and bone t i s s u e .  

"here was a clear d i f f e r ence  between t h e  morphological p i c t u r e  of the  

a t y p i c a l  modular bone and t h e  morphology of t h e  osteogenic sarcoma. 

In I966 and 1969, Tapp repor ted new methods of ob ta in ing  experi-  

mental neop:ssms with beryll ium. 

p e r i o s t e a l  adminis t ra t ion of the  carcinogen were used f i r s t .  

of ZnBe s i l ica te  p c d e r  with 5 y m  >art ic le  s i z e  2% t h e  form of a 

Intramedullar  i n j e c t i o n  and sub- 

20 mg 

su!;:jension i n  0.5 m l  o f  ';ater were administered in t ramedul lar ly .  



The i n j e c t i o n  was  administered once, with a sterile needle  wi th  ob- 

se rva t i on  of a s e p t i c  measures. The super io r  end of t he  r i g h t  t i b i a  

1 cm below the epiphyseal  c a r t i l a g e  was  t h e  s i t e  of adminis t ra t ion.  

A suspension of Zn oxide was administered t o  the con t ro l  animals i n  

t h e  same way. 

t he  12 th  and 15 th  month a t  t h e  s i d e  of adminis t ra t ion.  The author  

observed mu l t i p l e  metastases i n  t h e  l i v e r ,  bones, spleen and adrena l s  

which arose both  by hematogenic and lymphogenic pathways. There were 

no neoplasms i n  t he  con t ro l  animals. 

Osteosarcomas developed i n  4 of t h e  1 2  r a b b i t s  between 

An attempt t o  provoke an osteogenic sarcoma i n  t h e  t i b i a  of 

r a b b i t s  by adminis ter ing beryll ium sal ts  under t h e  periosteum .was a l s o  

success fu l .  

end of t h e  t i b i a  under anes thes ia  i n  very  s ter i le  condi t ions  (Tapp, 

1969). 

w a s  slit 5 mm below t h e  epiphyseal  c a r t i l a g e ;  t h e  i n c i s i o n  continued 

f o r  15 mm below. 

from each s i d e  of t h e  i nc i s i on ,  10  mg of beryl l ium sa l t  were placed 

i n s ide  t h e  formed cav i ty ,  

An fnc i s i on  20 m long w a s  made i n  t h e  sk in  a t  t h e  upper 

The periosteum, which is c l o s e  t o  t h e  sur face  a t  t h i s  po in t ,  

After detaching t h e  periosteum from t h e  bone 3-4 mm 

The au thor  took precaut ions  t o  prevent t h e  beryll ium from coming 

i n t o  contact  wi th  o the r  t i s s u e s .  

were sutured wi th  s epa ra t e  l a y e r s  of ca tgu t .  

w a s  performed on t h e  opposi te  bone i n  t h e  con t ro l  animals, but  they 

were administered 10 mg of Zn oxide o r  Zn s i l i c a t e .  

mals survived t h e  procedure. Tumors (osteosarcomas) formed between 

t h e  10 th  and 25th month a f t e r  t h e  operat ion only i n  t he  animals which 

The periosteum, f a s c i a  and s k i n  

A similar procedure 

All of t h e  ani- 
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C .- . 

had been administered wi th  beryi.lium sa l t  

Komitomski obtained osteosarcomas i n  r a b b i t s  by means of i n t r a-  

medullar admin i s t ra t ion  of a beryll ium- gelat in capsule  conta in ing 

25 mg of beryll ium. 

In one of the experimental  works t o  i n v e s t i g a t e  t h e  t o x i c  proper-  

ties of beryl l ium compounds (Vorwald and Reeves), t h e  r e a c t i o n  of t h e  

lungs of rats t o  berylliurn s u l f a t e  a'nd oxide were inves t iga ted .  

authors  found chat  t h e  beryl l ium compounds caused n o t  on ly  chronic  

s p e c i f i c  pneumonia, burs a l s o  progress ive  e p i t h e l i a l  p r o l i f e r a t i o n  and 

metaplas ia  wi th  u l t i m a t e  formation of cancer of t h e  lungs. 

The 

I n s i g n i f i c a n t  p r o l i f e r a t i o n  of  t h e  epi thel ium was usua l ly  ob- 

served wi th  many chronic inflammatory processes i n  most types  of ani-  

mals, inc luding r a b b i t s  and guinea p i g s  poisoned with beryll ium; t h i s  

phenomenon was f i r s t  de tec ted  i n  rats. 

A number of authors  have experimental ly s tud ied  t h e  e f f e c t  of 

beryll ium w i d e  and s u l f a t e  on t h e  r e s p i r a t o r y  organs (Vorwald and 

Reeves; Schepers e t  a l . ;  Wagner, and o t h e r s ) .  

used f o r  t h e  experiments wi th  i n h a l a t i o n a l  o r  i n t r a t r a c h e a l  adminis- 

t r a t i o n .  

a f t e r  i n h a l a t i o n  of beryll ium s u l f a t e  i n  concentra t ions  of 2.8-54.7 

pg/m had begun, wi th  a 100% 

exposure had begun, and n ine  months a f t e r  beginning i n h a l a t i o n  of 

beryl l ium oxide i n  t h e  concentra t ion of 48 pg/m . 
exposure w a s  from 180 t o  540 days f o r  t h e  var ious  authors .  

t r a c h e a l  i n j e c t i o n s  of beryl l ium s u l f a t e  and oxide i n  doses of 

Rats were usua l ly  

Cancer of t h e  lungs w a s  found i n  t h e  animals 9-13 months 

3 y i e l d  of tumors 13-18 months a f t e r  

3 The dura t ion  of 

I n t r a-  
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0.107 and 4.5 mg of beryl l ium (metal) ,  r e spec t ive ly ,  with t h r e e  ad- 

m i n i s t r a t i o n s  a t  a week's i n t e r v a l  r e s u l t e d  i n  formation of tumors 

e i g h t  months a f t e r  te rminat ion of t reatment.  

Vagner observed cancer of t h e  lungs i n  rats as t h e  r e s u l t  of  in-  

h a l i n g  beryl l ium ore ,  b e r y l  and b e r t r a n d i t e  (minerals  which con ta in  

beryllium) f o r  690 days (six hours a day, f i v e  days a week) i n  concen- 

t r a t i o n s  of 15 mg/m , 620 and 210 pg/m 2 3 (metal) r e spec t ive ly .  

The fundamental, 8-year i n v e s t i g a t i o n  of 30 young monkeys (Vorwald) 

deserves p a r t i c u l a r  a t t e n t i o n .  

suspension of pure  beryll ium oxide i n  phys io log ica l  s o l u t i o n  o r  a 

bronchomural implanta t ion ( i n  t h e  w a l l  of t h e  bronchus) of a suspension 

o r  both types  used simultaneously were administered t o  20 of t h e  30 

animals. 

e f f e c t  of beryl l ium s u l f a t e  i n  t h e  concentra t ion of 35 pg/m 

chamber. 

o f  approximately 1 ml of t h e  5% suspension of beryl l ium oxide i n t o  

t h e  w a l l  of t h e  h o r i z o n t a l  bronchus of t h e  r i g h t  lung and i n t r a b r o n c h i a l  

adminis t ra t ion  of 5 ml of t h e  same suspension i n t o  t h e  lung. 

condi t ion  of t h e  animal w a s  extremely s e r i o u s  i n  t h e  last  s i x  months 

of l i f e .  

roo t  of t h e  r i g h t  lung; i t  o b l i t e r a t e d  t h e  main r i g h t  bronchus and 

occupied a l a r g e  p a r t  of t h e  r i g h t  lung. 

i n  t h e  area of t h e  diaphragm. H i s t o l o g i c a l l y ,  a c l e a r l y  & a p l a s t i c  

adenocarcinoma wi th  metastases w a s  found. 

t h e r e a f t e r ;  primary cancer of t h e  lungs w a s  found. 

An i n t r a b r o n c h i a l  i n j e c t i o n  of a 5% 

The remaining t e n  monkeys were exposed t o  t h e  long-term 

i n  a . 3  

The f i r s t  monkey d ied  four  yea rs  s i x  months a f t e r  i n j e c t i o n  

The 

On autopsy, a l a r g e  tumor w a s  found i n  t h e  area of t h e  

A small tumor was found 

Four monkeys d ied  s h o r t l y  

Two of t h e  animals 
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which died  received beryl l ium oxide,  and two o t h e r s  underwent p e r i o d i c  

i n h a l a t i o n  of beryl l ium s u l f a t e ,  one monkey f o r  3241 hours and t h e  

o t h e r  f o r  3871 hours f o r  more than f i v e  yea rs  be fore  death. During next  

6-8 months, t h e  condi t ion  of t h e  remaining animals g radua l ly  worsened, 

and darkened areas were discovered i n  t h e  lungs roentgenological ly .  

On autopsy, cancer of t h e  lungs wi th  ex tens ive  metastases i n t o  

t h e  ches t  c a v i t y  was  found i n  a l l  four  monkeys. 

With respec t  t o  malignant tumors inc luding cancer of t h e  lungs 

with chronic b e r y l l i o s i s  i n  humans, only i s o l a t e d  works touch upon 

t h i s  quest ion;  some authors  i n d i c a t e  such a p o s s i b i l i t y  (Barnes; 

I?. P. Dvizhkov) and e s t a b l i s h  a c o r r e l a t i o n  between t h e  above (Hardy; 

Niemoller; Mancuso). 

lungs wi th  metastases i n  t h e  b r a i n  i n  a patient who had su f fe red  from 

chronic b e r y l l i o s i s  and a l s o  a case of t h e  recovery of a p a t i e n t  

a f t e r  d iagnosis  cf  malignant degenerat ive b e r y l l i o s i s  was e s t a b l i s h e d  

on t h e  b a s i s  of roentgenological  and l abora to ry  f ind ings  (cancer cel ls  

i n  the  sputum). 

cancer have been described i n  p a t i e n t s  who had recovered a f t e r  acu te  

b e r y l l i o s i s .  

one p a t i e n t  who had had chronic  b e r y l l i o s i s  out  of 601 cases of acu te  

and chronic b e r y l l i o s i s  r epor ted ,  and Hardy n o t e s  t h r e e  cases of 

lung cancer ou t  of 650 d i s e a s e s  caused by beryll ium. 

several groups of people who had worked i n  two beryl l ium e x t r a c t i n g  

f i rms from 1937 t o  1948; i n  fol lowing up t h e  ind iv idua l  groups u n t i l  

1967, Mancuso found a d e f i n i t e  r e g u l a r i t y .  

Niemoller desc r ibes  a case of l a te  cancer of  t h e  

Van Ordstrand r e p o r t s  t h a t  cases of primary lung 

H a l l  e t  al . ,  desc r ibe  primary cancer of t h e  lungs i n  

In observing 

Cancer of t h e  lungs most o f t e n  
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occurred 

i n  those  who had worked i n  t h e  indus t ry  f o r  18 months and longer .  

author r e p o r t s  t he se  r e s u l t s  of t h e  observat ions:  ou t  of 145 people 

who had prev ious ly  suf fe red  from b ronch i t i s  o r  pneumonia of a beryl-  

lium o r ig in ,  35 died,  and six of these  had lung cancer and r e t i c u l o -  

c e l l u l a r  osteosarcoma w a s  found i n  one. 

i n  workers wi th  i n d u s t r i a l  experience of 3-15 months than 

The 

The material presented i n d i c a t e s  t h a t  beryl l ium,  which has  high 

general  t o x i c i t y ,  can have a blastomogenic e f f e c t  i n  some cases. 
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