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PREFACE 

The Occupa t iona l  S a f e t y  and Heal th  Act of 1 9 7 0  emphasizes t h e  need 

f o r  s t a n d a r d s  t o  p r o t e c t  t h e  h e a l t h  of workers  exposed t o  an ever  

i n c r e a s i n g  number of p o t e n t i a l  h a z a r d s  a t  t h e i r  workplace.  To p r o v i d e  

r e l e v a n t  d a t a  from which v a l i d  c r i t e r i a  and e f f e c t i v e  s t a n d a r d s  can  b e  

deduced, t h e  N a t i o n a l  I n s t i t u t e  f o r  Occupa t iona l  S a f e t y  and H e a l t h  h a s  

p r o j e c t e d  a f o r m a l  system of r e s e a r c h ,  w i t h  p r i o r i t i e s  determined on t h e  

b a s i s  of s p e c i f i e d  i n d i c e s .  

It i s  i n t e n d e d  t o  p r e s e n t  s u c c e s s i v e  r e p o r t s  a s  r e s e a r c h  and epidemi- 

o l o g i c  s t u d i e s  a r e  completed and sampling and a n a l y t i c  methods are developed.  

Criteria and s t a n d a r d s  w i l l  b e  reviewed p e r i o d i c a l l y  t o  e n s u r e  c o n t i n u i n g  

p r o t e c t i o n  of t h e  worker .  

I am p l e a s e d  t o  acknowledge t h e  c o n t r i b u t i o n s  t o  t h i s  r e p o r t  on 

b e r y l l i u m  by members of my s t a f f  and t h e  v a l u a b l e  c o n s t r u c t i v e  comments 

by t h e  Review C o n s u l t a n t s  on Bery l l i um t o  N I O S H ;  t h e  ad-hoc committees of 

t h e  American I n d u s t r i a l  Hygiene A s s o c i a t i o n  and t h e  American Medical  

A s s o c i a t i o n  Committee on Occupa t iona l  Toxicology;  and D r .  H a r r i e t  L. Hardy, 

Dartmouth Medical  School ,  and M r .  Harry F .  S c h u l t e ,  Atomic Energy Commission, 

as u n u s u a l l y  q u a l i f i e d  e x p e r t s .  The N I O S H  recommendations f o r  s t a n d a r d s  are 

n o t  n e c e s s a r i l y  a consensus of a l l  t h e  c o n s u l t a n t s  and p r o f e s s i o n a l  s o c i e t i e s  

t h a t  reviewed t h i s  c r i t e r i a  document on b e r y l l i u m .  A l i s t  of t h e  Review 

Committee members and Review C o n s u l t a n t s  a p p e a r s  on pages iii and iv .  
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f o r  Occupa t iona l  
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I. RECOYMENDATIONS FOR A BERYLLIUM STANDARD 

The N a t i o n a l  I n s t i t u t e  f o r  Occupa t iona l  S a f e t y  and H e a l t h  ( N I O S H )  

r e c o m e n d s  t h a t  worker  exposure  t o  b e r y l l i u m  and i t s  compounds i n  t h e  

workplace b e  c o n t r o l l e d  by r e q u i r i n g  compliance w i t h  t h e  s t a n d a r d  s e t  

f o r t h  i n  t h e  f o l l o w i n g  s e c t i o n s .  

n i q u e s  recommended shou ld  p r e v e n t  t h e  development of a c u t e  and c h r o n i c  

b e r y l l i u m  d i s e a s e  i n  workers exposed t o  b e r y l l i u m .  

Con t ro l  of worker  exposure  by t h e  t ech -  

The l i m i t s  are a t t a i n a b l e  w i t h  e x i s t i n g  technology and measurable  

by t echn iques  t h a t  are v a l i d  and r e p r o d u c i b l e .  

reviewed and r e v i s e d  as n e c e s s a r y .  

S e c t i o n  1 - Environmenta l  (workplace a i r )  

The s t a n d a r d  w i l l  b e  

(a )  Concen t r a t ion  

No worker  s h a l l  be exposed a t  h i s  p l a c e  of employment t o  a 

c o n c e n t r a t i o n  of b e r y l l i u m  more t h a n  two micrograms of t o t a l  a i r b o r n e  

p a r t i c u l a t e  b e r y l l i u m  p e r  c u b i c  meter of a i r  ( 2  ,ug Be /m ) (de t e rmined  by 

t h e  brea th ing-zone  and g e n e r a l  a i r  methods as d e s c r i b e d  i n  Appendix I ) ,  

de termined  as a time-weighted ave rage  (TWA) exposure  f o r  an 8-hour work 

day,  and no peak c o n c e n t r a t i o n  of b e r y l l i u m  t o  which workers  are exposed 

s h a l l  exceed 25 pg Be/m3 as determined  by a minimum sampl ing  t i m e  of t h i r t y  

minu tes .  

3 

(b) Sampling and Ana lys i s  

P rocedures  f o r  sampl ing ,  c a l i b r a t i o n  of equipment,  and analysis  

of b e r y l l i u m  samples s h a l l  b e  a s  p rov ided  in Appendices I and 11. 

I- 1 
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S e c t i o n  2 - Medical  

( a )  Medical  s u r v e i l l a n c e  as s p e c i f i e d  i n  t h i s  s e c t i o n  i s  r e q u i r e d  

f o r  workers  who are exposed t o  b e r y l l i u m .  

(b)  A comprehensive pre-placement h i s t o r y  and p h y s i c a l  examina t ion  

f o r  a l l  worker a p p l i c a n t s  s h a l l  b e  p rov ided  t o  i n c l u d e  a s  a minimum a 14" 

by 17"  c h e s t  roentgenogram, b a s e l i n e  pulmonary f u n c t i o n  [ f o r c e d  v i t a l  

c a p a c i t y  (l3'C) and f o r c e d  e x p i r a t o r y  volume a t  one second (FEV1.0)], and 

a b a s e l i n e  w e i g h t .  

(c )  Each worker exposed t o  b e r y l l i u m  s h a l l  receive an  annual* evalua-  

t i o n  t h a t  i n c l u d e s :  

(1) Spi rometry ,  i n c l u d i n g  FVC and FEV1.0. 

( 2 )  A m e d i c a l  h i s t o r y  q u e s t i o n n a i r e  t h a t  i n c l u d e s  p r e s e n c e  and 

d e g r e e  of r e s p i r a t o r y  symptoms, i . e . ,  b r e a t h l e s s n e s s ,  cough, sputum 

p r o d u c t i o n ,  and wheezing. 

( 3 )  A 14" by 1 7 "  c h e s t  X-ray. 

(d)  Department of H e a l t h ,  Educa t ion ,  and Wel fa re  (HEW) and Department 

of Labor (DOL) p h y s i c i a n s  and med ica l  c o n s u l t a n t s  and t h o s e  p h y s i c i a n s  

d e s i g n a t e d  and a u t h o r i z e d  by t h e  employees s h a l l  have access t o  med ica l  

r e c o r d s .  

( e )  Medical  r e c o r d s  s h a l l  b e  ma in ta ined  f o r  a t  least  20 y e a r s .  

*Except where a v a r i a n c e  h a s  been g r a n t e d ,  based  on minimal exposure.  

I- 2 

1 0 1  f 1 2 1 .  t 



S e c t i o n  3 - L a b e l i n g  

(a) The f o l l o w i n g  p r e c a u t i o n a r y  l a b e l  s h a l l  be a p p l i e d  t o  a l l  

s h i p p i n g  and s t o r a g e  c o n t a i n e r s  o r  packages c o n t a i n i n g  b e r y l l i u m  and 

b e r y l l i u m  compounds where exposures  t o  d u s t s ,  fumes,  powders,  o r  l i q u i d s  

are l i k e l y  t o  o c c u r .  

BERYLLIUM 

(Name of  Compound) 

Dust ,  Fume, Powder, o r  Liquid  

DANGER 

Harmful If I n h a l e d  and May Cause Immediate O r  
Delayed I n j u r y  

Use Only With Adequate Loca l  Exhaust  V e n t i l a t i o n  and 
Approved R e s p i r a t o r y  and P e r s o n a l  P r o t e c t i v e  Devices 

Nay Cause Rash o r  E x t e r n a l  Ulcers 
Wash Thoroughly A f t e r  i i andl ing  

(b)  The f o l l o w i n g  v a r n i n g  s i g n  s h a l l  be  a f f i x e d  i n  a r e a d i l y  

v i s i b l e  l o c a t i o n  on p r o c e s s i n g  and o t h e r  equipment ,  on s t o r a g e  b i n s  and 

t a n k s ,  and a t  o r  n e a r  e n t r a n c e s  and a r e a s  where exposure  to d u s t s  o r  fumes 

of  b e r y l l i u m  and i t s  compounds are l i k e l y  t o  occur .  

DANGER 

Bery l l ium Dust ( o r  Fume) Areas 

UNAUTHORIZED PERSONS 

KEEP OUT 

Brea th ing  Dust  ( O r  Fumes) May Cause Immediate o r  Delayed I n j u r y  

1-3 



S e c t i o n  4 - P e r s o n a l  Protective-Equipment and C l o t h i n g  

(a )  R e s p i r a t o r y  Devices 

(1) R e s p i r a t o r y  p r o t e c t i v e  d e v i c e s  s h a l l  be  used  any t i m e  t h e  

a c t u a l  or p r o j e c t e d  l e v e l  of  b e r y l l i u m  w i l l  exceed an 8-hour time-weighted 

3 ave rage  c o n c e n t r a t i o n  of 2 pg/m . 
s u b s t i t u t e  f o r  p r o p e r  e n g i n e e r i n g  c o n t r o l s ,  b u t  are a p p r o p r i a t e  f o r  

n e c e s s a r y  p e r i o d s  where e x c e s s i v e  a tmosphe r i c  c o n c e n t r a t i o n s  r e s u l t  from 

emergencies or from main tenance  o r  r e p a i r .  

These d e v i c e s  s h a l l  n o t  b e  used  as a 

(2)  I f  a v a r i a n c e  o r d e r  is  g ran ted  under  p r o v i s i o n s  of t h e  

Occupa t iona l  S a f e t y  and H e a l t h  A c t  of 1970 from t h e  env i ronmen ta l  limits 

set f o r t h  i n  S e c t i o n  1, t h e  p r o v i s i o n s  of t h i s  s e c t i o n  s h a l l  s t i l l  apply  

t o  sa fegua rd  workers .  

(3 )  Standa rd  p rocedures  s h a l l  be  e s t a b l i s h e d  f o r  r e s p i r a t o r  

u s e  t o  i n c l u d e  t h e  f o l l o w i n g :  

( i )  Procedures  e s t a b l i s h e d  f o r  r e s p i r a t o r  usage  s h a l l  

i n s u r e  t h a t  no w o r k e r  is exposed t o  b e r y l l i u m  i n  excess  of t h e  s t a n d a r d  

because  of improper  r e s p i r a t o r  s e l e c t i o n  o r  f a c e p i e c e  f i t .  

( i i )  Facep iece  f i t  s h a l l  be  checked by t h e  wearer each  t i m e  

h e  p u t s  on t h e  r e s p i r a t o r .  

( i i i )  The r e s p i r a t o r  used  s h a l l  b e  of t h e  a p p r o p r i a t e  class 

as de termined  on t h e  b a s i s  of t h e  a c t u a l  or p r o j e c t e d  a tmosphe r i c  con- 

c e n t r a t i o n  of a i r b o r n e  b e r y l l i u m  a t  t h e  w o r k s i t e  where t h e  r e s p i r a t o r  i s  

t o  be used as f o l l o w s :  

(A) Reusable h a l f  mask air p u r i f y i n g  r e s p i r a t o r s  

equipped w i t h  h i g h  e f f i c i e n c y  f i l t e r s  s h a l l  be used i n  a tmospheres  c o n t a i n i n g  

1-4 
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3 
n o t  more t h a n  25 pg B e / m  f o r  any p e r i o d  of t i m e .  

( C )  Reusable  f u l l - f  a c c p i e c e  a i r  p u r i f y i n g  r e s p i r a t o r s  

equipped w i t h  h igh  e f f i c i e n c y  f i l t e r  s h a l l  be  used  i n  a tmospheres  con ta in -  

i n g  no t  more t h a n  100 pg B e / m  
3 

f o r  any p e r i o d  of  t i m e .  

(C) Powered a i r  p u r i f y i n g  r e s p i r a t o r s  equipped w i t h  h igh  

e f f i c i e n c y  f i l t e r s ,  o p e r a t i n g  w i t h  p o s i t i v e  p r e s s u r e  d u r i n g  t h e  i n n a l a t i o n  

phase  of b r e a t h i n g  s h a l l  b e  used i n  a tmospneres  c o n t a i n i n g  n o t  more t h a n  

1000 pg U e / m  . When equipped wi th  a "fume f i l t e r , "  r e s p i r a t o r s  s h a l l  be 

used  in atmospheres  c o n t a i n i n g  n o t  more t h a n  40 )IF, B e / m  . 

3 

3 

(D) Continuous f low a i r - l i n e  r e s p i r a t o r s  o r  s e l f - c o n t a i n e d  

b r e a t h i n g  u n i t s  o p e r a t i n g  i n  t h e  pressure-demand mode and p rov id ing  p o s i t i v e  

p r e s s u r e  du r ing  t h e  i n h a l a t i o n  phase  of b r e a t h i n g ,  s h a l l  be  used  i n  

a tmospheres  t h a t  exceed 1000 pg U e / m  
3 

( i v )  Only r e s p i r a t o r s  approved by t h e  U.S. 8ureau  of 

Mines and/or  K I O S K  under  t h e  p r o v i s i o n s  of 30 CFR P a r t  11 (37 F.R. 6 2 4 4 )  

s h a l l  b e  used .  

( 4 )  An e f f e c t i v e  r e s p i r a t o r  program t o  i n c l u d e  s e l e c t i o n ,  u s e ,  

maintenance and care, s p e c i a l  problems,  and e f f e c t i v e  r e s p i r a t o r  program 

e v a l u a t i o n  s h a l l  b e  e s t a b l i s h e d .  Compliance w i  th  t h e  r equ i r emen t s  o f  the 

latest  r e v i s i o n  of  t h e  American N a t i o n a l  S t anda rd  P r a c t i c e s  f o r  R e s p i r a t o r y  

P r o t e c t i o n  288.2 s h a l l  be cons ide red  pr ima f a c i e  ev idence  of compliance 

w i t h  t h i s  s u b s e c t i o n .  

(b) P r o t e c t i v e  C lo th ing  

(1)  Bery l l ium Exposed Workers 

( i )  The employer s h a l l  p r o v i d e  each employee e x c e p t  t h o s e  

w i t h  minimal exposure  w i t h  p r o t e c t i v e  c l o t h i n g ,  headgea r ,  and shoes  when the 

employee must work w i t h  and /o r  be exposed t o  b e r y l l i u m ,  b e r y l l i u m  compounds, 

o r  b e r y l l i u m  c o n t a i n i n g  p r o d u c t s .  

t O f  I 1 2 4  1-5 



(A) Such c l o t h i n g  may be  c o v e r a l l s  o r  similar f u l l -  

body p r o t e c t i v e  c l o t h i n g .  

(€3) P r o t e c t i v e  shoe cove r s  o r  work shoes  s h a l l  be 

worn du r ing  t h e  working h o u r s  i n  a r e a s  where t h e r e  is exposure t o  be ry l l i um.  

(C) Resin-impregnated p a p e r  o r  s imi la r  p r o t e c t i v e  

c l o t h i n g  can b e  s u b s t i t u t e d  f o r  f a b r i c - t y p e  c l o t h i n g .  

( i i )  P r o t e c t i v e  c l o t h i n g  s h a l l  be  changed a t  least each 

day a t  t h e  end of each s h i f t .  

( i i i )  The employer s h a l l  p r o v i d e  f o r  maintenance and launder -  

i n g  of s o i l e d  p r o t e c t i v e  c l o t h i n g ,  which s h a l l  b e  s t o r e d ,  t r a n s p o r t e d ,  and 

d isposed  of  i n  s e a l e d ,  non-reusable  c o n t a i n e r s  and l a b e l e d  w i t h  easy-to-  

r ead  letters as o u t l i n e d  i n  S e c t i o n  3 .  

( i v )  h s t  removal,  by blowing o r  s h a k i n g  of c l o t h i n g ,  s h a l l  

be  p r o h i b i t e d ;  p r o t e c t i v e  c l o t h i n g  s h a l l  be  c l e a n e d  by power s u c t i o n  (vacuum) 

p r i o r  t o  removal ;  removal of contaminated c l o t h i n g  s h a l l  be al lowed on ly  i n  

t h e  change rooms. 

(v)  The employer s h a l l  p r o v i d e  l a u n d e r i n g  c o n t r o l s  and 

inform t h e  employee and any t h i r d  p a r t y  which l aunde r s  contaminated c l o t h i n g  

of  t h e  p o t e n t i a l l y  harmful  e f f e c t s  of exposure  t o  b e r y l l i u m  d u s t  and of s a f e  

p r a c t i c e s  r e q u i r e d  i n  t h e  l a u n d e r i n g  of b e r y l l i u m - s o i l e d  work c l o t h i n g .  

(2) Workers w i t h  Minimum Beryl l ium Exposure 

(i) The employer s h a l l  p r o v i d e  l a b o r a t o r y  c o a t s  o r  e q u i v a l e n t  

p r o t e c t i v e  c l o t h i n g  t o  each such employee who works w i t h  o r  is  exposed t o  

b e r y l l i u m ,  b e r y l l i u m  compounds, or b e r y l l i u m  c o n t a i n i n g  p r o d u c t s .  

( i i )  Clean p r o t e c t i v e  c l o t h i n g  s h a l l  b e  s u p p l i e d  t o  each  

worker  a t  least weekly. 
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S e c t i o n  5 - A p p r i s a l  of Employees of Hazards from Bery l l ium 

( a )  Each employee exposed t o  b e r y l l i u m  s h a l l  b e  a p p r i s e d  of a l l  

haza rds  , adve r se  symptoms of overexposure  , a p p r o p r i a t e  emergency procedures  , 

and p rope r  c o n d i t i o n s  and p r e c a u t i o n s  f o r  s a f e  u s e  o r  exposure ,  t o  i n c l u d e  

as a minimum, all i n f o r m a t i o n a s  s e t  f o r t h  i n  Appendix I11 which i s  

a w l i c a b l e  t o  t h a t  s p e c i f i c  p roduc t  o r  m a t e r i a l  c o n t a i n i n g  b e r y l l i u m  t o  

which he  i s  exposed. 

(b) The i n f o r m a t i o n  s h a l l  be  ma in ta ined  on f i l e  and r e a d i l y  a c c e s s i b l e  

t o  t h e  worker a t  a l l  places of employment where b e r y l l i u m  is i nvo lved  i n  

u n i t  p r o c e s s e s  and o p e r a t i o n s .  

( c )  I n f o r m a t i o n  as s p e c i f i e d  i n  Appendix 111 s h a l l  b e  r eco rded  on 

U.S. Department of Labor Form OSHA-20, "Material S a f e t y  Data S h e e t , "  o r  a 

s i m i l a r  form approved by t h e  Occupa t iona l  S a f e t y  and H e a l t h  A d m i n i s t r a t i o n ,  

U.S. Department of Labor. 

!nt 
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S e c t i o n  6 - Work P r a c t i c e s  

(a )  Emergency P rocedures  

(1)  P rocedures ,  i n c l u d i n g  f i r e  f i g h t i n g  p r o c e d u r e s ,  s h a l l  b e  

e s t a b l i s h e d  and implemented t o  meet f o r s e e a b l e  emergency e v e n t s ,  i n c l u d i n g  

t h o s e  i n v o l v i n g  mass ive  release of b e r y l l i u m  con taminan t s .  

( i )  Where t h e r e  is  t h e  p o s s i b l i l i t y  of mass ive  b e r y l l i u m  

con tamina t ion  from a c c i d e n t s  i n v o l v i n g  e l e v a t e d  t empera tu re  o p e r a t i o n s  or  

l a r g e  scale s p i l l s ,  a g e n e r a l  alarm, drench- type  showers ,  and c l e a n s i n g  

f a c i l i t i e s  s h a l l  b e  i n s t a l l e d  i n  such  a manner as t o  p r o v i d e  prompt,  

immediate access by any employee; r e s p i r a t o r s  s h a l l  be  a v a i l a b l e  f o r  wear ing  

d u r i n g  e v a c u a t i o n  p rocedures  i f  l ong  d i s t a n c e s  need t o  be  t r a v e r s e d ;  and 

f u l l - f a c e p i e c e  o r  s u p p l i e d - a i r  r e s p i r a t o r s  s h a l l  be a v a i l a b l e  f o r  employee 

u s e  where equipment o r  o p e r a t i o n s  cannot  be abandoned. I f  large scale 

s p i l l s  o c c u r ,  c a r e f u l  mon i to r ing  of b e r y l l i u m  a i r  l e v e l s  s h a l l  be  i n s t i t u t e d  

as soon as p o s s i b l e .  De te rmina t ions  s h a l l  b e  made  as to  when i t  is  s a f e  

t o  r e e n t e r  a contaminated  area w i t h  r e s p i r a t o r y  p r o t e c t i o n  and t o  resume 

o p e r a t i o n s  w i t h o u t  r e s p i r a t o r y  p r o t e c t i o n .  Thoroughly s u p e r v i s e d  c l eanup  

o p e r a t i o n s  s h a l l  b e  i n s t i t u t e d  as soon as a i r  l e v e l s  r ecede  t o  t h e  p o i n t  

where o p e r a t i o n s  may b e  conducted .  

( i i )  F u l l - f a c e p i e c e  o r  s u p p l i e d - a i r  r e s p i r a t o r s  s h a l l  b e  k e p t  

r eady  f o r  emergency use.  

(A) They s h a l l  b e  i n s p e c t e d  a f t e r  each  u s e  and a t  least  

monthly t o  a s s u r e  s a t i s f a c t o r y  working c o n d i t i o n .  

( B )  Where used ,  a i r  and oxygen c y l i n d e r s  s h a l l  be  f u l l y  

charged a c c o r d i n g  t o  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  . 
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( i i i )  Sand, soda ash, o r  commercial metal f i r e  ex t ingu i shmen t  

powder s h a l l  b e  a v a i l a b l e  f o r  u s e  as an e x t i n g u i s h i n g  agen t  f o r  b e r y l l i u m ;  

water and carbon d i o x i d e  s h a l l  n o t  be  used .  

(b) Exhaust Systems 

P racedures  s h a l l  b e  e s t a b l i s h e d  t o  r educe  exposure  t o  a i r b o r n e  

b e r y l l i u m  through implementa t ion  of adequa te  v e n t i l a t i o n  methods. Loca l  

exhaus t  and c o l l e c t i o n  s h a l l  be des igned  and ma in ta ined  t o  p r e v e n t  t h e  

accumula t ion  of b e r y l l i u m  d u s t  and fumes. 

(c) General Housekeeping 

(1) 

(2)  Emphasis s h a l l  be  p l a c e d  upon c l eanup  of s p i l l s ,  p e r i o d i c  

N o  d ry  sweeping s h a l l  be performed. 

r e p a i r  of equipment and l e a k s ,  and proper  s t o r a g e  of materials t o  p r e v e n t  

b reakage .  

(d)  D i sposa l  

Be ry l l i um waste and scrap s h a l l  be c o l l e c t e d  and d i sposed  of i n  

s e a l e d  bags  o r  o t h e r  s e a l e d  c o n t a i n e r s .  Sc rap  s h a l l  be  r e c y c l e d  o r  s h a l l  

be d i sposed  of by b u r i a l .  

( e )  Non-Worker Access  t o  Bery l l i um Areas 

En t ry  t o  any area where t h e r e  is  t h e  p o s s i b i l i t y  of exposure  t o  

b e r y l l i u m  s h a l l  b e  p e r m i t t e d  on ly  on t h e  b a s i s  of need and all per sons  s o  

e n t e r i n g  sha l l  b e  provided  w i t h  t h e  same p r o t e c t i v e  c l o t h i n g  as r e q u i r e d  

f o r  employees r e g u l a r l y  a s s i g n e d  t o  t h a t  a r e a .  

( f )  E d u c a t i o n a l  Program 

An e d u c a t i o n a l  program s h a l l  be  i n s t i t u t e d  f o r  a l l  workers  t o  

i n c l u d e  p r o p e r  i n s t r u c t i o n  i n  main tenance  p r o c e d u r e s ,  c l eanup  methods, 

and u s e  of r e s p i r a t o r y  p r o t e c t i v e  d e v i c e s  and p r o t e c t i v e  c l o t h i n g .  
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S e c t i o n  7 - S a n i t a t i o n  P r a c t i c e s  

( a )  Food F a c i l i t i e s  

Food p r e p a r a t i o n  and e a t i n g  should  b e  p r o h i b i t e d  i n  b e r v l l i u n  work 

areas. 

( b )  Locker and T o i l e t  F a c i l i t i e s k  

(1) S e p a r a t e  l o c k e r  f a c i l i t i e s  s h a l l  b e  provided  f o r  work c l o t h e s  

and s t reet  c l o t h e s .  

( 2 )  Showers f o r  exposed workers  s h a l l  b e  r e q u i r e d  f o l l o w i n g  a 

work s h i f t  and p r i o r  t o  p u t t i n g  on street c l o t h e s .  

(3 )  Locker-shower f a c i l i t i e s  s h a l l  b e  s o  a r ranged  t h a t  t h e  

showers can s e r v e  t o  demarcate  between p o t e n t i a l l y  ' 'clean' '  and "contaminated" 

areas. 

( 4 )  S u i t a b l e  p r o v i s i o n s  s h a l l  b e  made f o r  t h e  c o n t r o l  of con- 

tamina ted  d u s t  i n  workshoe s t o r a g e  and c l o t h i n g  hamper l o c a t i o n s .  

(5) Handwashing and t o i l e t  f a c i l i t i e s  s h a l l  b e  a r r a n g e d  so t h a t  

f o l l o w i n g  u s e ,  workers  need n o t  r e - e n t e r  a p o t e n t i a l l y  contaminated area. 

*Except where a v a r i a n c e  h a s  been g r a n t e d ,  based on minimal exposure. 
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S e c t i o n  8 - Moni to r inp  and Recordkeeping Requirements 

( a )  Employers s h a l l  m a i n t a i n  r e c o r d s  of env i ronmen ta l  exposures  t o  

b e r y l l i u m  based  upon t h e  f o l l o w i n g  sampling and r e c o r d i n g  s c h e d u l e :  

(1) Q u a r t e r l y  Requirements* 

( i )  Breathing-zone samples s h a l l  b e  c o l l e c t e d  from employees 

The f i r s t  sampling p e r i o d  a t  least  q u a r t e r l y  f o r  s p e c i f i c  work o p e r a t i o n s .  

s h a l l  be completed w i t h i n  180 days  of t h e  e f f e c t i v e  d a t e  of t h i s  s t a n d a r d .  

( i i )  Samples s h a l l  b e  c o l l e c t e d  and e v a l u a t e d  as b o t h  t i m e -  

zd" 

t 

weighted and peak c o n c e n t r a t i o n  v a l u e s .  

(2 )  Thirty-Day Requirements 

The sampling regime s h a l l  be every  30 days f o r  work areas 

unde r  t h e  f o l l o w i n g  c o n d i t i o n s  : 

(i) The env i ronmen ta l  t ime-weighted a v e r a g e  o r  peak concen t r a -  

t i o n s  are i n  e x c e s s  of t h e  s t a n d a r d .  

( i i )  Sampling, m o n i t o r i n g ,  and r eco rdkeep ing  requi rements  of 

a 30-day s c h e d u l e  s h a l l  b e  r e q u i r e d  only  u n t i l  two c o n s e c u t i v e  30-day 

sampling p e r i o d s  have r e s u l t e d  i n  env i ronmen ta l  l eve ls  which meet t h e  

s t a n d a r d .  

(b) Records s h a l l  be ma in ta ined  f o r  a l l  sampling s c h e d u l e s  t o  i n c l u d e  

t h e  t y p e  of p e r s o n a l  p r o t e c t i v e  d e v i c e s ,  i f  any ,  i n  u s e .  

( c )  Workers s h a l l  b e  informed of t h e  p e r i o d i c  r e s u l t s  of 

samplings. 

*Except where a v a r i a n c e  h a s  been g r a n t e d ,  based  on minimal  exposure ,  as 
determined by s e l e c t e d  sampling of r e p r e s e n t a t i v e  o r  minimal exposed workers .  
It i s  recogn ized  t h a t  sampling f r equency  i s  dependent  upon t h e  p r o c e s s  ,And 
e m i s s i o n s ;  t h e  q u a r t e r l y  sampling f requency  i s  p r i m a r i l y  f o r  p r o d u c t i o n  o p e r a t i o n s .  
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11. INTRODUCTION 

This  r e p o r t  p r e s e n t s  t h e  c r i t e r i a  and t h e  s t a n d a r d  based t h e r e o n  

which w e r e  p repared  t o  meet t h e  need f o r  p r e v e n t i n g  o c c u p a t i o n a l  

d i s e a s e s  a r i s i n g  from exposure t o  beryl]-ium and i t s  compounds. The 

n e c e s s a r y  r e l e v a n t  d a t a  a r e  made a v a i l a b l e  f o r  u s e  by t h e  S e c r e t a r y ,  

Department of H e a l t h ,  Educa t ion ,  and Welfare  i n  accordance w i t h  t h e  

p r o v i s i o n  of t h e  Occupa t iona l  S a f e t y  and H e a l t h  A c t  of 1970 r e q u i r i n g  

t h e  development of c r i t e r i a  by "The S e c r e t a r y ,  Department of H e a l t h ,  

Educa t ion ,  and Welfare  . . .  on t h e  b a s i s  of  such  r e s e a r c h ,  d e m o n s t r a t i o n s ,  

and exper iments  and any o t h e r  i n f o r m a t i o n  a v a i l a b l e  t o  h i m . . . t o  e f f e c t u a t e  

t h e  purposes  of t h i s  A c t  .". . . I 1 . .  .by p r o v i d i n g  medica l  c r i t e r i a  which w i l l  

a s s u r e  i n s o f a r  as p r a c t i c a b l e  t h a t  no employee w i l l  s u f f e r  d imin i shed  

h e a l t h ,  func t iona l .  c a p a c i t y ,  o r  l i f e  expec tancy  as a r e s u l t  of h i s  work 

e x p e r i e n c e . .  . ' I .  

The N a t i o n a l  I n s t i t u t e  f o r  Occupa t iona l  S a f e t y  and Heal th  (NIOSH), 

a f t e r  a r ev iew of d a t a  and c o n s u l t a t i o n  w i t h  o t h e r s ,  formal ized  a system 

f o r  t h e  development of c r i t e r i a  upon which s t a n d a r d s  can b e  e s t a b l i s h e d  

t o  p r o t e c t  t h e  h e a l t h  of workers  from exposure  t o  hazardous chemica l  

and p h y s i c a l  a g e n t s .  It should  b e  p o i n t e d  o u t  t h a t  any recommended 

c r i t e r i a  f o r  a s t a n d a r d  should  r e s u l t  i n  development of be t t e r  e n g i n e e r i n g  

c o n t r o l s ,  r e s u l t i n g  i n  more h e a l t h f u l  work p r a c t i c e s ,  and should  n o t  b e  

used as a f i n a l  g o a l .  

These c r i t e r i a  f o r  a s t a n d a r d  f o r  b e r y l l i u m  and i t s  compounds are i n  

a c o n t i n u i n g  series of c r i t e r i a  developed by N I O S H .  The c r i t e r i a  and 

s t a n d a r d  a p p l y  o n l y  t o  t h e  p r o c e s s i n g ,  manufac tu re ,  and u s e  of b e r y l l i u m  

p r o d u c t s  as a p p l i c a b l e  under  t h e  Occupa t iona l  S a f e t y  and H e a l t h  A c t  o f 1 9 7 0 .  

L .- 
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These c r i t e r i a  were n o t  des igned  f o r  t h e  popu la t ion -a t - l a rge ,  and any 

e x t r a p o l a t i o n  beyond g e n e r a l  o c c u p a t i o n a l  exposures  i s  n o t  r rarranted.  

Tney are i n t e n d e d  t o  a s s u r e  t h a t  t h e  s t a n d a r d  3 a s e d  the ron  w i l l  (1) D r o t e c t  

a g a i n s t  development of a c u t e  and c h r o n i c  b e r y l l i u m  d i s e a s e ,  ( 2 )  be  measurable  

by t echn iques  t h a t  are  v a l i d ;  r e p r o d u c i b l e ,  a?d a v a i l a b l e  t o  i n d u s t r y  and  

o f f i c i a l  a g e n c i e s ,  and ( 3 )  be a t t a i n a b l e  w i t h  e x i s t i n g  technology.  
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111. P R O P E R T I E S  AND SOURCES 

:t 

tb l e  

Bery l l i um is one of t h e  l i g h t e s t  of metals, is wide ly  d i s t r i b u t e d  

g e o g r a p h i c a l l y ,  and has  found wide a p p l i c a t i o n  i n  i n d u s t r y .  It has  many 

unique  p r o p e r t i e s :  i t  is  t h e  on ly  s t a b l e ,  l i g h t w e i g h t  metal w i t h  a h igh  

m e l t i n g  p o i n t ;  i t  has  an e s p e c i a l l y  h igh  s t r eng th - to -we igh t  r a t i o ;  i t s  

a l l o y i n g  p r o p e r t y  c o n f e r s  t o  metals s p e c i f i c  p r o p e r t i e s  of r e s i s t a n c e  t o  

c o r r o s i o n ,  v i b r a t i o n ,  and shock;  and i t  p o s s e s s e s  extreme ha rdness  y e t  

e x c e l l e n t  d u c t i l i t y .  A condensed l i s t  of i t s  p h y s i c a l  p r o p e r t i e s  i s  

p r e s e n t e d  i n  T a b l e  I. 
1 

Bery l  (3BeO.Al203.6SiO2) is p r e s e n t l y  t h e  c h i e f  s o u r c e  of b e r y l l i u m ,  

a l thougn  b e r t r a n d i t e  [BeqSi207 (OH) 2 I ,  c h r y s o b e r y l  (UeAl204) , and p h e n a c i t e  

(i3eSi04) are a l s o  impor t an t  be ry l l i um-con ta in ing  m i n e r a l s .  

Domes t i c  p roduc t ion  of b e r y l ,  t h e  p r i n c i p a l  be ry l l i um-con ta in ing  o r e  

of commercial  impor tance ,  w a s  approximate ly  500 t o n s  i n  1950.  Domestic 

p r o d u c t i o n  has  remained r e l a t i v e l y  c o n s t a n t  a s  c o n t r a s t e d  w i t h  domes t i c  

consumption which, i n  1969 ,  reached  5500 t o n s  and is f o r e c a s t  t o  r each  

20,000 t o n s  by t h e  y e a r  2000.2’3 

imported3’  and is p rocessed  p r i m a r i l y  i n  Ohio and Pennsylvania .  P roduc t s  

from t h e  i n i t i a l  p r o c e s s i n g  e i t h e r  are u t i l i z e d  l o c a l l y  o r  sh ipped  t o  a 

v a r i e t y  of s o u r c e s  f o r  i n c o r p o r a t i o n  i n t o  f i n i s h e d  p r o d u c t s .  Beryl l ium- 

copper  a l l o y s  have h igh  t e n s i l e  s t r e n g t h ,  e x c e l l e n t  c a s t i n g  and machining 

c h a r a c t e r i s  t i c s ,  h igh  e l e c t r i c a l  and thermal  c o n d u c t i v i t y ,  and resis t a m e  

t o  c o r r o s i o n  and f a t i g u e .  H e a t - t r e a t e d  b e r y l l i u m - n i c k e l  a l l o y s  have many 

p r o p e r t i e s  comparable o r  s u p e r i o r  t o  h e a t - t r e a t e d  s t a i n l e s s  s tee l .  Bery l l ium 

ox ide  i s  unusua l  i n  t h a t  i t  is bo th  a good conduc to r  of h e a t  and an  e l e c t r i c a l  

i n s u l a t o r .  

The bulk  of ou r  b e r y l l i u m  o r e  supp ly  is  

I t  is used  i n  t h e  manufac ture  of ceramic p a r t s ,  c r u c i b l e s ,  

111-1 
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t he rma l  c o a t i n g s ,  and a l s o  h a s  a p p l i c a t i o n  i n  n u c l e a r  r e a c t o r s .  Aerospace 

a p p l i c a t i o n s  i n c l u d e  s t r u c t u r a l  mater ia l s ,  i n e r t i a l  guidance sys t ems ,  

r o c k e t  motor p a r t s ,  h e a t  s h i e l d s ,  r o t o r  b l a d e s ,  and a i r p l a n e  b r a k e s .  

F u r t h e r  p r o d u c t s  which may c o n t a i n  b e r y l l i u m  i n c l u d e  j e w e l r y ,  f i s h i n g  

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

The major  i n d u s t r i a l  u s e s  and i n d u s t i e s  which p r o c e s s  and manufacture  
3 , 5 , 6  

b e r y l l i u m  p r o d u c t s  a r e  l i s t e d  i n  Tab les  I1 and 111. 

1 
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I V .  B I O L O G I C  EFFECTS OF E.XPOSURE 

E x t e n t  of Exposure 

P o t e n t i a l  exposures  t o  b e r y l l i u m - c o n t a i n i n g  fumes and d u s t s  occur  bo th  

i n  l a r g e  scale  p r o c e s s i n g  p l a n t s  and i n  small p l a n t  o p e r a t i o n s  which perform 

m e l t i n g ,  c a s t i n g ,  g r i n d i n g ,  d r i l l i n g ,  machining,   et^.^ 
i m a t e l y  8,000 such p l a n t s  w e r e  e s t i m a t e d  t o  b e  i n  c u r r e n t  o p e r a t i o n  i n  

t h e  Un i t ed  S t a t e s .  

Bureau of Occupa t iona l  S a f e t y  and Health,  i n  1970,  e s t i m a t e d  t h a t  30,000 

I n  1971, approx- 

A s u r v e y  conducted by t h e  U .  S. P u b l i c  H e a l t h  S e r v i c e ,  

p e r s o n s  i n  t h e  work f o r c e  cou ld  have p o t e n t i a l  exposure  t o  d u s t  o r  fumes 

o f  b e r y l l i u m .  

p r o d u c t i o n  i n d u s t r y .  

c o n s e r v a t i v e  i f  t h e  many s m a l l  p l a n t s  are  i n c l u d e d  which do n o t  perform 

d u s t - g e n e r a t i n g  o p e r a t i o n s .  

T h i s  would i n c l u d e  approx ima te ly  2,500 pe r sons  i n  t h e  

The t o t a l  estimate i s  rega rded  as b e i n g  v e r y  

E a r l y  H i s  t o r i c 5 1  Repor t s  

European r e p o r t s  d e s c r i b i n g  a d i s e a s e  i n  b e r y l l i u m  workers appeared 

i n  t h e  1930's and e a r l y  1940 ' s .  A p a r t i a l  l i s t  of e a r l y  l i t e r a t u r e  

on b e r y l l i u m  po i son ing  is l i s t e d  i n  Tab le  IV as p r e s e n t e d  by Hardy16 and 

8-15 

8 
compiled by W i l l i a m s . 1 7  Weber and Engel i lardt  r e p o r t e d  i n  1933 t h a t  i n  

g u i n e a  p i g s  t h e  e f f e c t  of i n h a l i n g  water s o l u b l e  b e r y l l i u m  d u s t  r e s u l t e d  

i n  l u n g  damage. Xarradi-Fabroni  a l s o  d e s c r i b e d  forms of pneumonia i n  

g u i n e a  p i g s  due t o  b e r y l l i u m  c a r b o n a t e  exposure  and s u g g e s t e d  t h e  name 

o f  " b e r y l l i o s i s "  f o r  t h i s  pa thogen ic  c o n d i t i o n .  * 

9 

I n  1936 Gelman'' d e s c r i b e d  i l l n e s s e s  among workers  i n  b e r y l l i u m  

p l a n t s  i n  Moscow. H e  d e s c r i b e d  two phases  of t h e  c l i n i c a l  symptom caused 

1 6  _ I _ _ - ~  

Wuch c o n f u s i o n  has  r e s u l t e d  from u s e  of t h i s  t e r m  because  of i t s  
s i m i l a r i t y  i n  s p e l l i n g  r e l a t i n g  to b e r y l  o r e  ( b e r y l l o s i s )  and t o  u s e  
of t h e  term i n  d e s c r i b i n g  bo th  a c u t e  and c h r o n i c  m a n i f e s t a t i o n s  of 
b e r y l l i u m  r e l a t e d  d i s o r d e r s .  Accordingly,  t h e  terms " b e r y l l i u m  d i s e a s e ' '  
and "be ry l l i um po i son ing"  w i l l  be  used  i n  t h i s  r e p o r t .  
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by exnosure  t o  vapor s  of b e r y l l i u m  oxyf l u o r i d e :  t h e  f i r s t  phase ,  b e r y l l i u m  

f e v e r ,  w a s  n o t  u n l i k e  t h a t  caused by exposure  t o  z i n c  o x i d e  fumes; tile 

second phase  w a s  d e s c r i b e d  a s  an e x t e n s i v e  a l v e o b r o n c h i o l i t i s .  TWO y e a r s  

l a t e r  h e  d e s c r i b e d  e f f e c t s  on t h e  s k i n  and .{-ray changes i n  t h e  l u n g s .  

I n  1946, Berkov i t z  and I s rae l  no ted  changes i n  t h e  lunps  from exposures  

t o  b e r y l l i u m  f l u o r i d e .  

11 

1 2  

These  e a r l y  f o r e i g n  r e p o r t s  and t h e  beg inn ing  American s t u d i e s  which 

r ecogn ized  a b e r y l l i u m  tlazard found t h e  problems t o  be b a s i c a l l y  a c u t e  

i n  n a t u r e  w i t 1 1  e f f e c t s  resembl ing  metal fume f e v e r ,  chemica l  pneumonia, 

and r e l a t e d  pulrnmiary i r r i t a t i o n s  a s s o c i a t e d  r 7 i  t h  well-known gases such  

a s  phosgene o r  c h l o r i n e  and c o r r o s i v e  a c i d s  and a l k a l i e s .  Some i n v e s t i -  

g a t o r s  

United S t a t e s  P u b l i c  Hea l th  S e r v i c e  B u l l e t i n , "  i n  r ev iewing  t h e  e f f e c t s  

of b e r y l l i u m  as r e l a t e d  t o  human i l l n e s s  and a n i m a l  s t u d i e s  i n  1 9 4 3  

concluded ,  "be ry l l i um of  i t s e l f  i s  n o t  t o x i c .  " Subsequent  f i n d i n g s  of  

b e r y l l i u m  po i son ing  i n  d i v e r s e  a p p l i c a t i o n s  e s t a b l i s h e d  t h a t  b e r y l l i u m  

i t s e l f  was t o x i c .  

18 
a t t r i b u t e t i  t o x i c i t y  t o  the i r r i t a n t  e f f e c t s  of t h e  a n i o n s  and. t h e  

2 0 , 2 1 , 2 2  

The f i r s t  r e p o r t  o f  a de layed  b e r y l l i u m  po i son ing  r e f e r r e d  t o  as 

22 
"delayed chemical  pneumoni t i s ' '  w a s  made by Hardy and Tabershaw i n  1 9 4 6 .  

These i n v e s t i g a t o r s  r e p o r t e d  1 7  cases o c c u r r i n g  ove r  a t h r e e  y e a r  p e r i o d  

i n  a f luo rescen t - l amp  manufac tur ing  p l a n t .  Of p a r t i c u l a r  i n t e r e s t  w a s  

t h e  f a c t  that  a number of t h e  p a t i e n t s  d i d  n o t  m a n i f e s t  i l l n e s s  u n t i l  

8 

sometime a f t e r  l e a v i n g  t h e i r  j o b s .  f ie ry l l ium was one  of  t h e  materials i n  

f luorescent - lamp phospnors .  T h i s ,  a l o n g  w i t h  ev idence  o f  exposures  

r e p o r t e d  i n  t h e  be ry l l i um p r o c e s s i n g  i n d u s t r y  

by Gardner i n  1946  of  f i v e  foundry  worker  f a t a l i t i e s  where workers  had 

2 1  
and coupled  w i t h  the r e p o r t  

23 
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been exposed i n  an o p e r a t i o n  u s i n g  a 4 p e r c e n t  b e r y l l i u m  master a l l o y ,  

s u b s t a n t i a t e d  t h e  b e l i e f  t n a t  b e r y l l i u m  w a s  t i le c a u s a t i v e  a g e n t  i n  t h e  

r e s p i r a t o r y  d i s e a s e s  obse rved .  

Because of i n c r e a s e d  i n t e r e s t  i n  b e r y l l i u m  i n  a tomic  energy develop-  

2 4 , 2 5  ment,  and based upon s t u d i e s  performed by Eisenbud and co-workers,  

t h e  Atomic Energy Commission i n  1949 i s s u e d  r e q u i r e m e n t s  f o r  environmental  

c o n t r o l  f o r  a l l  c o n t r a c t o r s  i nvo lved  i n  t i le h a n d l i n g  of b e r y l l i u m .  These 

26 ,27  
r equ i r emen t s  were u l t i m a t e l y  adopted by p r o f e s s i o n a l  g roups .  

E f f e c t s  of Humans 

(1) Acute E f f e c t s  

The c lass ic  symptoms of a c u t e  b e r y l l i u m  p o i s o n i n g  have been 

p r e s e n t e d  by Tepper , kiardy , and Chamberlin;  28 Deidardi, V a n  Ords t r a n d  , 

C u r t i s ,  and Z i e l i n s k i ;  and hardy  and S t ~ e c X l e . ~ '  Condensed d e s c r i p t i o n s  
29 

31 nave a lso  been g i v e n  by t h e  American College of Chest P n y s i c i a n s  and t h e  

32 
U.  S.  P u b l i c  H e a l t h  S e r v i c e .  

28  
Teppe r ,  Hardy, and Chamberlin s t a t e d  t h a t :  "Acute b e r y l l i u m  d i s e a s e  

may b e  d e f i n e d  a r b i t r a r i l y  t o  i n c l u d e  t h o s e  beryl l ium-induced d i s e a s e  

p a t t e r n s  w i t h  less t h a n  one y e a r ' s  n a t u r a l  d u r a t i o n  and t o  e x c l u d e  t h o s e  

syndromes l a s t i n g  more t h a n  one y e a r . "  

( a )  Acute Effect--Skin and Con junc t iva :  d e r y l l i u m  d i s e a s e s  of 

t n e  s k i n  and c o n j u n c t i v a  occur  as c o n t a c t  d e r m a t i t i s ,  b e r y l l i u m  u l c e r s ,  

and o c u l a r  e f f e c t s .  

( i )  Contact  d e r m a t i t i s  i s  c h a r a c t e r i z e d  by i t ch inp ,  and 

r eddened ,  e l e v a t e d ,  o r  f h i d - a c c u m u l a t e d  l e s i o n s  which appear  p a r t i c u l a r l y  

r t  on t h e  exposed s u r f a c e s  of t h e  body, e s p e c i a l l y  t h e  f a c e ,  neck ,  arms, 

2 1  
and hands.  Contact  d e r m a t i t i s  has  n o t  been  seen i n  workers  h a n d l i n g  

b e r y l l i u m  hydrox ide ,  pu re  b e r y l l i u m ,  and p resen t -day  vacuum-cast b e r y l l i u m  
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metal, 

t a t i o n ,  fo l lowing  c o n t a c t  w i t h  s o l u b l e  b e r y l l i u m  sal ts .33 

o c c a s i o n a l l y  no ted ,  i n d i c a t i n g  the development of de l ayed  h y p e r s e n s i t i v i t y .  

b u t  i t  may occur  e i t h e r  on an a l l e r g i c  b a s i s  o r  from pr imary  irr i-  

A l a t e n t  pe r iod  i s  

Secondary exposures  i n  s e n s i t i z e d  i n d i v i d u a l s  r e s u l t  i n  more r a p i d  

development of t h e  d e r m a t i t i s ,  o f t e n  a f t e r  exposure  t o  lesser amounts of 

mater ia l .  Van Ords t r a n d  and h i s  co-woriiers found t h a t  pe r sons  N i t 1 1  

c o n t a c t  d e r m a t i t i s ,  i f  a l lowed t o  con t inue  work, might  deve lop  b r o n c h i t i s  

and pneumoni t i s  from a d d i t i o n a l  exposure .  

i n f l u e n c e  t n e  s e v e r i t y  of bery l l ium-induced  d e r m a t i t i s .  

of exposure  and w i t i i  s imp le  l o c a l  t r e a t m e n t ,  t h e  s k i n  e r u p t i o n s  u s u a l l y  

d i s a p p e a r  w i t h i n  one  t o  two weeks. 

21 

Mois tu re  c o n d i t i o n s  a l s o  

Fol lowing c e s s a t i o n  

( i i )  Be ry l l i um u l c e r s  r e s u l t  from c r y s t a l  i m p l a n t a t i o n  of 

s o l u b l e  o r  i n s o l u b l e  b e r y l l i u m  m a t e r i a l s  i n  cu taneous  a r e a s  p r e v i o u s l y  

i n j u r e d  as a r e s u l t  o f  a b r a s i o n s ,  c u t s ,  e tc .  Abscess and u l c e r a t i o n  

f r e q u e n t l y  r e s u l t .  

removal of t h e  c r y s t a l s  is n e c e s s a r y  b e f o r e  h e a l i n g  can t a k e  p l a c e .  

A f t e r  removal  of t h e  f o r e i g n  mater ia l ,  recovery  is  r a p i d  and complete .  

u s u a l l y  w i t h i n  two weeks. 

Les ions  o f  t e n  last f o r  several  months anJ  p n y s i c a l  

( i i i )  Ocular  e f f e c t s  may occur  as inf lammat ion  of t h e  conjunc-  

2 1  
t i v a  i n  "splascl  burn" o r  i n  a s s o c i a t i o n  wit i i  c o n t a c t  d e r m a t i t i s .  

may a l s o  cause  c o r n e a l  bu rns  c l o s e l y  r e sembl ing  t h o s e  produced by a c i d s  and 

a l k a l i e s .  F l u i d  accumula t ion  and reddening  around the e y e  s o c k e t  are f r e -  

q u e n t l y  no ted .  

Sp la shes  
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(b) Acute Effects--Res i a t o r y :  Beryl l ium-induced a c u t e  r e s p i r a -  

t o r y  e f f e c t s  range  from a m i l d  inf lammat ion  of t h e  n a s a l  mucous membranes 

and pharynx, t o  t r a c h e o b r o n c h i a l  involvement ,  and f i n a l l y  t o  a s e v e r e  

chemical pneumoni t i s .  Recovery g e n e r a l l y  r anges  from one t o  s i x  weeks i n  

mi ld  c a s e s ;  however, r ecove ry  from a c u t e  pneumoni t i s  may be  pro longed  t o  

s i x  months f o l l o w i n g  exposure .  Severe  c a s e s  may become f a t a l .  E i g h t e e n  

a c u t e  pneumoni t i s  f a t a l i t i e s  were repor ted"  f o l l o w i n g  development of 

pulmonary edema. 

( i )  Be ry l l i um r h i n i t i s  and p h a r y n g i t i s  i n v o l v e  i n f  l a m a t i o n  

of t h e  n a s a l  mucosa and pharynx,  f r e q u e n t l y  accompanied by mi ld  noseb leeds .  

F l u i d  and blood accumulate  i n  t h e  mucous membranes, and u l c e r a t i o n s  may 

occur .  Gelman" i n  r e p o r t s  of c a s e s  i n  Russia d e s c r i b e d  p e r f o r a t i o n  of 

t h e  n a s a l  septum, b u t  t h i s  has  n o t  been r e p o r t e d  i n  t h e  United S t a t e s .  

Fever arid p o s i t i v e  c h e s t  m a n i f e s t a t i o n s  are a b s e n t .  P a t i e n t s  o c c a s i o n a l l y  

d e s c r i b e  s e n s a t i o n s  of a p e c u l i a r  metallic t a s t e .  Th i s  c o n d i t i o n  i s  

d i f f i c u l t  t o  d i agnose  s i n c e  i t  c l o s e l y  resembles t h a t  s e e n  w i t h  t h e  common 

c o l d .  

! 

( i i )  Acute t r a c h e o b r o n c n i  tis i s  n o n - s p e c i f i c  and n o t  be ry l l i um-  

r e l a t e d  as f a r  as i ts  c l i n i c a l  p i c t u r e  is  concerned .  The d i a g n o s i s  can on ly  

be  made on the b a s i s  of b e r y l l i u m  exposure .  The e f f e c t s  are c h a r a c t e r i z e d  

by non-product ive  spasmodic cough, s u b s t e r n a l  d i scomfor t  ana b u r n i n g ,  t i g h t n e s s  

of the c h e s t ,  and moderate  d i f f i c u l t y  wi th  b r e a t h i n g  upon e x e r t i o n .  Other  

f i n d i n g s  i n c l u d e  normal body t e m p e r a t u r e ,  d e c r e a s e d  v i t a l  c a p a c i t y  w i t h  

v a r y i n g  degrees  of b r e a t h i n g  d i f f i c u l t y ,  l i m i t a t i o n s  of c h e s t  expans ion ,  

and s i b i l a n t  rales i n  t h e  h i l a r  and hasal  l u n g  areas. C l i n i c a l  l a b o r a t o r y  

f i n d i n g s  a r e  w i t h i n  normal l i m i t s  p rovided  secondary  i n f e c t i o n s  are n o t  

p r e s e n t .  Chest X-ray examinat ions  may show an i n c r e a s e  i n  b ronch io -vascu la r  
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markingsz9 and r ecove ry  is u s u a l l y  complete  w i t h i n  one t o  f o u r  weeks.  

( i i i )  Acute pneumoni t i s ,  w h i l e  p o t e n t i a l l y  t h e  most s e r i o u s  of 

t h e  a c u t e  syndromes, is encountered  on ly  r a r e l y  due to improved c o n t r o l  

methods and prompt medica l  t r ea tmen t  of be ry l l i um exposures .  Botn r a p i d  

and de layed  o n s e t s  of t h i s  d i s e a s e  have been r e p o r t e d  

upon t h e  magnitude and d u r a t i o n  of t h e  exposure .  Symptoms o f  r a p i d l y  develop-  

i n g  pneumoni t i s  u s u a l l y  occur  w i t h i n  3 d a y s ,  and p o s s i b l y  up t o  8 days ,  a f t e r  

b r i e f  b u t  massive exposures :  whereas ,  t h e  de l ayed  form causes  symptoms some 

weeks a f t e r  pro longed  exposure  t o  lesser cor icer i t ra t ions  of b e r y l l i u m  compounds. 

Workers should  b e  observed by a p h y s i c i a n  t o  d e c i d e  whether  o r  n o t  symptoms 

are due t o  b e r y l l i u m  overexposure .  T h e  fo l lowing  symptoms, a l though  v a r y i n g  

i n  sequence  of o n s e t ,  are r e p r e s e n t a t i v e  of a c u t e  pneumoni t i s .  Workers 

complain of p r o g r e s s i v e  cough ( g e n e r a l l y  nonproduct ive)  , d i f f i c u l t  b r e a t h i n g  

w i t h  t i g l i t n e s s  of t h e  c h e s t ,  s u b s t e r n a l  d i scomfor t  o r  p a i n ,  a p p e t i t e  and 

we igh t  l o s s ,  and g e n e r a l  weakness and t i r e d n e s s .  The p a i n  u s u a l l y  subsicies 

d u r i n g  the e a r l y  s t a g e s ,  b u t  t h e  cough may i n c r e a s e  i n  s e v e r i t y  so as t o  

become ext remely  ex ' iaust ing.  Other  observat iouis  show v a r y i n g  degrees  of 

dec reased  v i t a l  c a p a c i t y  w i t h  b rea th i i i g  d i f f i c u l t i e s ,  r a p i d  p u l s e ,  and 

cyanos i s .  S igns  of d i f f u s e  lung involvement  may be  no ted  w i t i l  fine-to-medium 

s i b i l a n t  r n l e s  n o t i c e a b l e  i n  t h e  l o v c r  t h o r a x .  Temperature  g e n e r a l l y  remains 

n o r m d  w i t h  t n c  e x c e p t i o n s  of secondary  i n f e c t i o n s  o r  d u r i u g  t h e  t e r m i n a l  

s t a g e s  of pneunioni tis. C l i n i c a l  l a b o r a t o r y  tests are g e n e r a l l y  w i t h i n  

noma1 l i m i t s .  Reported X-ray changes c o n s i s t  of (1) d i f f u s e d  h a z i n e s s  of 

bo th  l u n g s ,  ( 2 )  development of s o f t  i r r e g u l a r  i n f i l t r a t i o n  areas wi th  prominent  

p e r i h r o n c l i i a l  markings,  and ( 3 )  annearance  of d i s c r e t e  l a r g e  o r  s m a l l  nodules  

s imilar  t o  t h o s e  f r e q u e n t l y  observed i n  c h r o n i c  b e r y l l i u m  d i s e a s e  o r  s a r c o i d o s i s ,  

Importance w a s  p l aced  on t h e  f a c t  t h a t  c l e a r i n g  of t h e  l u n g s  preceded 

21,2Y ,34 ,35  
d e p end i ng 

35 

21 
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complete  r e m i s s i o n  of o t h e r  symptoms o r  absence  of p h y s i c a l  s i g n s .  21 

and Grier35 and Hardy and S t ~ e c k l e , ~ '  however,  observed g r e a t e r  p e r s i s t e n c e  

of t h e  X-ray f i n d i n g s .  

t h e  observed nodu la r  d e n s i t i e s  w i t h  t h o s e  f r e q u e n t l y  seem w i t h  b a c t e r i a l  

and v i r a l  bronchopneumonias o r  w i t h  pulmonary edema. P a t h o l o g i c a l  t i s s u e  

s t u d i e s  from s i x  p a t i e n t s  r e v e a l e d  a nongranulomatous a c u t e  o r  s u b a c u t e  

pulmonary edema. 36 

t h e  u s e  of oxygen, s t e r o i d s ,  and a n t i b i o t i c s .  

Aub 

Hardy and Stoeckle3 '  emphasized t h e  s i m i l a r i t y  of 

Treatment  f o r  a c u t e  b e r y l l i u m  pneumoni t i s  shou ld  i n c l u d e  

( 2 )  Chronic  E f f e c t s  

Tepper ,  Hardy, and Chamberlin28 s t a t e d  t h a t  ' I .  . . t h e  t e r m  c h r o n i c  

i s  a r b i t r a r i l y  a p p l i e d  t o  b e r y l l i u m  d i s e a s e  of more t h a n  one y e a r ' s  d u r a t i o n .  

The c l i n i c a l  c h a r a c t e r  of t h e  c h r o n i c  i l l n e s s  d i f f e r s  from t h e  a c u t e  i n  t h a t  

t h e  former i s :  

of t h e  e t i o l o g i c  b e r y l l i u m  exposure ;  ( 2 )  prolonged i n  d u r a t i o n  wi th  a t  

p r e s e n t  (1960) l i t t l e ,  i f  any,  ev idence  f o r  a l a s t i n g  t o t a l  ' c u r e ' ;  

(3)  commonly p r o g r e s s i v e  i n  s e v e r i t y  i n  s p i t e  of t h e  c e s s a t i o n  of exposure ;  

and ( 4 )  a s y s t e m i c  d i s e a s e . "  These a u t h o r s  a l s o  b e l i e v e  t h a t  t h e  t e r m  

" b e r y l l i o s i s "  was a poor cho ice  t o  d e s c r i b e  t h e  d i s e a s e  caused by exposure  

t o  b e r y l l i u m  and i t s  compounds because  c o n s i d e r a b l e  confus ion  w a s  c r e a t e d  

by i t s  u s e .  

(1) f r e q u e n t l y  s e p a r a t e d  by a pe r iod  of y e a r s  from t h e  t i m e  

Pneumoni t i s  w i t h  accompanying cough, c h e s t  p a i n ,  and g e n e r a l  weakness i s  

t h e  most f a m i l i a r  and s t r i k i n g  c h a r a c t e r i s t i c  of c h r o n i c  b e r y l l i u m  d i s e a s e .  30 

I n  a d d i t i o n ,  pulmonary d y s f u n c t i o n  and s y s t e m i c  m a n i f e s t a t i o n s  may b e  p r e s e n t .  

The s y s t e m i c  e f f e c t s  i n c l u d e  r i g h t  h e a r t  en la rgement  w i t h  accompanying c a r d i a c  

( c o n g e s t i v e )  f a i l u r e ,  enlargement  of t h e  l i v e r  and s p l e e n ,  cyanos i s ,  d i g i t a l  

"c lubbing" ,  and t h e  appearance  of kidney s t o n e s . 3 7  

a b n o r m a l i t i e s  a l s o  may b e  man i fe s t ed  through changes i n  serum p r o t e i n s ,  l i v e r  

f u n c t i o n ,  and u r i c  a c i d  and u r i n a r y  ca lc ium l e v e l s .  

A number of b iochemica l  
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The de layed  o n s e t  of pneumoni t i s  i s  o f t e n  p r e c i p i t a t e d  by some a c u t e  

stress; f o r  example, pregnancy,  v i r a l  r e s p i r a t o r y  i n f e c t i o n s ,  s u r g e r y ,  

Hardy and S toeck le30  no ted  t h a t  40% of  t h e  women wi th  c h r o n i c  

d i s e a s e  who had become p regnan t  a f t e r  be ry l l i um exposure  expe r i enced  

pneumonit ic  symptoms i n  con junc t ion  wi th  t h e i r  pregnancy.  The f a c t o r s  

r e s p o n s i b l e  f o r  t h e  d e l a y  i n  o n s e t  a r e  n o t  known. S t e r n e r  and Eisenbud 

p o s t u l a t e d  a t i m e  l a g  f o r  development of immunologic p r o c e s s e s  i n  s u s c e p t i b l e  

38 

exposed pe r sons .  

( a )  Chronic  E f f e c t s  - Compl ica t ions :  The development of con- 

g e s t i v e  h e a r t  d i s e a s e  ( c o r  pulmonale) has  f r e -quen t ly  been  of  g r e a t e r  c l i n i c a l  

s i g n i f i c a n c e  than  pr imary b e r y l l i u m  d i s e a s e  i t s e l f .  28 Tepper , Hardy, and 

Chamberlin2* p o i n t e d  o u t  t h a t  t h e  i n c i d e n c e  of  t u b e r c u l o s i s  h a s  been con- 

s p i c u o u s l y  r a r e  c o n s i d e r i n g  t h e  f a c t  t h a t  a number of p a t i e n t s  have been 

p laced  i n  t u b e r c u l o s i s  sana tor iums f o r  t r e a t m e n t  due t o  misd iagnos i s  of 

b e r y l l i u m  d i s e a s e .  F u r t h e r  compl i ca t ions  due t o  drug t r e a t m e n t ,  p a r t i c u l a r l y  

s t e r o i d  t h e r a p y ,  and problems of a n x i e t y  a s s o c i a t e d  w i t h  t h e  d isease-producing  

e f f e c t s  a t t r i b u t e d  t o  b e r y l l i u m  have p e r s i s t e d  i n  s p i t e  of improved c o n t r o l  

measures  and t h e  d e c r e a s i n g  i n c i d e n c e  of r e p o r t e d  d i s e a s e  c a s e s .  

Tepper ,  Hardy, and Chamberlin28 po in ted  o u t  a l s o  t h a t  t h e  pulmonary 

n e o p l a s i a  observed i n  b e r y l l i u m - t r e a t e d  an ima l s  ( s e e  s e c t i o n  on animal  

t o x i c i t y )  h a s  n o t  been observed i n  humans. 

from t h e  734 e n t r i e s  i n  t h e  Bery l l ium Case R e g i s t r y ,  a l though  20 ma l ignan t  

Hardy3' s t a t e d  i n  1965 t h a t  

tumors  had been r eco rded ,  i t  was " imposs ib le  t o  i n c r i m i n a t e  b e r y l l i u m  as 

a ca rc inogen  i n  human be ings  on t h i s  ev idence . "  

The Committee on Toxicology of t h e  N a t i o n a l  Academy of Sc iences  - 

Nat iona l  Research  Counci l  r e p o r t e d ,  40 "While c e r t a i n  b e r y l l i u m  sa l t s  and 
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oxides have been productive of osteogenic sarcomas in rabbits following 

intravenous administration and primary lung tumors in rats and monkeys 

following inhalation, there is no evidence that community or industrial 

exposure to beryllium compounds is associated with an increase in the 

incidence of cancer i n  humans." 

In 1970 M a n c ~ s o , ~ ~  in an epidemiological study based upon mortality 

of beryllium workers, found an equal or higher rate of cancer of the lung 

in employees employed for a short duration (3 to 15 months) as contrasted 

to those employed for a longer period (18 months or longer). A higher 

mortality rate was also suggested among the short duration employees of 

one plant, but this was not supported by results from a second plant. There 

was an indication that prior chemical respiratory illness influenced the 

subsequent development of lung cancer. It was stated that beryllium was 

acting with other factors, rather than as a single etiology related to the 

duration of employment (see Correlation of Exposure and Effects). 

(b) Chronic Effects - Pathological Changes: Studies of path- 

ological changes due to chronic beryllium disease in over 100 cases have 

been reported by Williams4* and Dudley.43 

Hardy44 discussed pulmonary pathology in 130 cases from the U.S. Beryllium 

Case Registry. Based on the degree of interstitial cellular infiltration 

they found that 80 percent of the cases studied showed moderate to marked 

infiltration whereas in the remainder, cellular infiltration was only 

slight or absent. Clearly defined granulomatous lesions were not always 

present. The group with prominent interstitial cellular infiltration 

could be subgrouped into two groups in which granuloma formation was either 

More recently, Freiman and 



W e l l  formed o r  e l se  poorly-formed-to-absent. 

w a s  s l i g h t  o r  a b s e n t ,  granuloma fo rma t ion  w a s  numerous and w e l l  formed. 

Dudley43 i n  1959 r e p o r t e d  t h a t  t h e  occurence  of  granulomatous  l e s i o n s  

o f t e n  tended  t o  draw a t t e n t i o n  away from t h e  more fundamenta l  d i f f u s e  

i n t e r s t i t i a l  i n f i l t r a t i o n  of  which t h e  granulomas w e r e  o n l y  a p a r t .  

same r e a c t i o n  w a s  a l s o  seen  i n  s k i n ,  l i v e r ,  k idney ,  lymph nodes ,  and 

ske le t a l  musc le .  Ca rd iac  musc le ,  s p l e e n ,  and p l e u r a  a l s o  could  b e  invo lved .  

Freiman and Hardy44 s u g g e s t  a d i s t i n c t  r e l a t i o n  between t h e  i n t e n s i t y  of  

i n t e r s t i t i a l  c e l l u l a r  i n f i l t r a t i o n  and t h e  f o r e c a s t  of  d i s e a s e  s e v e r i t y ,  

w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  d e g r e e  of  granuloma fo rma t ion  may p l a y  a 

s i g n i f i c a n t  secondary  r o l e .  C a l c i f i c  i n c l u s i o n s  w e r e  a l s o  commonly p r e s e n t ,  

b e i n g  observed  i n  abou t  two- th i rds  o f  t h e  l u n g s  from p a t i e n t s  w i t h  c h r o n i c  

d i s e a s e .  In a d d i t i o n ,  i n c r e a s e d  t i s s u e  1-evels  of b e r y l l i u m  were noted  i n  

most cases. 

Where C e l l u l a r  i n f i l t r a t i o n  

T h i s  

Although most c a s e s  of  b e r y l l i u m  d i s e a s e  can  b e  r ecogn ized  by patho- 

l o g i c  changes ,  44 , 4 5  9 4 6  3 47 t h e  o b s e r v a t i o n s  a r e  n o t  s p e c i f i c  f o r  t h e  d i s e a s e .  

Pulmonary s a r c o i d o s i s ,  ' ' farmers  lung ' ' ,  4 8  fungus  d i s e a s e s ,  and v a r i o u s  

pneumoconioses are b u t  a few d i s o r d e r s  which a l s o  produce  a similar 

p a t h o l o g i c  p i c t u r e .  D i f f e r e n t i a t i o n  between s a r c o i d o s i s  and c h r o n i c  

b e r y l l i u m  d i s e a s e  i s  t h e  most d i f f i c u l t .  S i m i l a r i t i e s  and d i f f e r e n c e s  

between t h e  two d i s o r d e r s  have  been  p r e s e n t e d  € o r  d i a g n o s t i c  pu rposes .  4 4 , 4 9  

( c )  Chronic  E f f e c t s  - Trea tment :  E a r l y  t r e a t m e n t  of c h r o n i c  

b e r y l l i u m  d i s e a s e  w a s  p u r e l y  symptomatic w i t h  oxygen p r o v i d i n g  g r e a t  re l ief  

i n  cases where impai red  v e n t i l a t i o n  w a s  n o t e d .  A n t i b i o t i c s  w e r e  o n l y  of 

v a l u e  t o  t r e a t  secondary  i n f e c t i o n s .  Long p e r i o d s  o f  b e d r e s t  were employed. 

I V - 1 0  
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P a t i e n t s  w e r e  o c c a s i o n a l l y  t r a n s f e r r e d  t o  w a r m  or d r y  c l i m a t e s  t o  p r o v i d e  

temporary r e l i e f ,  bu t  no d e t e c t a b l e  change i n  t h e  c o u r s e  o f  t h e  d i s e a s e  w a s  

no ted .30  S t e r o i d  t h e r a p y ,  i n i t i a t e d  i n  t h e  e a r l y  19501s50,51,52 h a s  proven 

t o  b e  ex t r eme ly  b e n e f i c i a l .  Continued the rapy  w i t h  s t e r o i d  congeners  has 

markedly improved t h e  c l i n i c a l  c o u r s e  of  t h e  d i s e a s e ,  bu t  because  of  t h e  

prolonged c o u r s e  of t h e  d i s e a s e ,  i n v e s t i g a t o r s  a re  h e s i t a n t  t o  claim 

" t o t a l  c u r e s . "  

With an adequa te  s t e r o i d  regimen,53 t h e  c l i n i c a l  s t a t u s  o f  many p a t i e n t s  

h a s  improved, a l lowing  them t o  r e t u r n  t o  u s e f u l  j o b s .  

The i n c i d e n c e  of  r e l a p s e  and d i s a b i l i t y  h a s  been r educed .  

54 

55 (d)  Chronic  E f f e c t s  - Diagnos i s :  A s  s t a t e d  by Van Ords t r and  

i n  1 9 5 9 ,  ''twelve t o  f i f t e e n  y e a r s  ago i t  appeared t h a t  t h e  d i a g n o s i s  of  

b e r y l l i u m  po i son ing  w a s  n o t  a d i f f i c u l t  problem. Today i t  is  n o t  s o  

c e r t a i n . "  The d i a g n o s i s  of  c h r o n i c  b e r y l l i u m  d i s e a s e  r e q u i r e s  s u p p o r t i v e  

ev idence  of  X-ray f i n d i n g s ,  immunological t e s t s ,  pulmonary f u n c t i o n  tests,  

and t h e  e s t a b l i s h m e n t  of  b e r y l l i u m  exposure by f i n d i n g  b e r y l l i u m  i n  u r i n e  

o r  t i s s u e  o r  by s t r o n g  e p i d e m i o l o g i c a l  ev idence  o f  exposure.  The f i n a l  

d i a g n o s i s  rests upon an e v a l u a t i o n  o f  t h e  e n t i r e  c l i n i c a l  p i c t u r e .  56 

S a r c o i d o s i s  p r e s e n t s  t h e  most t roublesome problem i n  d i f f e r e n t i a l  d i a g n o s i s  

of c h r o n i c  b e r y l l i u m  d i s e a s e .  

b e r y l l i u m  d i s e a s e  as  a c o n t i n u i n g  d i a g n o s t i c  problem, l i s t e d  s p e c i f i c  

d i f f e r e n c e s  between b e r y l l i u m  d i s e a s e  and s a r c o i d o s i s .  These d i f f e r e n c e s  

i n c l u d e  weight  l o s s  and s e v e r e  l o s s  of a p p e t i t e ,  r a r e l y  s e e n  i n  s a r c o i d o s i s ,  

t h e  p r e s e n c e  i n  h i s t o p a t h o l o g i c  s e c t i o n s  of i n t e n s e  c e l l u l a r  i n f i l t r a t i o n  

w i t h  n o d u l a r  l e s i o n s  and abundant  c a l c i f i c  i n c l u s i o n s ,  t h e  absence  of  

many c h a r a c t e r i s t i c  l o c a l i z a t i o n  p a t t e r n s  f r e q u e n t l y  s e e n  i n  s a r c o i d o s i s ,  

Hardy and Freiman, 44 3 45 i n  p r e s e n t i n g  
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and t h e  occur rence  o f  s i g n i f i c a n t  

many p a t i e n t s .  

( i )  X-ray changes 

amounts o f  b e r y l l i u m  i n  t h e  t i s s u e s  of  

57 were reviewed by Gary and S c h a t z k i  

i n  a s t u d y  of  a l l  a v a i l a b l e  X-rays i n  t h e  Bery l l i um R e g i s t r y ,  and t h e y  

concluded t h a t  t h e r e  w a s  n o t  an  o r d e r l y  sequence  of  l ung  involvement  as  

had been p r e v i o u s l y  p o s t u l a t e d ,  2 2 , 5 8  b u t  r a t h e r ,  d e f i n i t e  r e a c t i o n  t y p e s  

which p e r s i s t e d  unchanged f o r  many y e a r s .  Disease which began w i t h  nodu la r  

m a n i f e s t a t i o n s  s t a y e d  n o d u l a r .  F u r t h e r ,  t h e y  s t r e s s e d  t h a t  because  of  t h e  

s e v e r a l  t ypes  o f  r e sponse  s e e n  on f i l m s ,  i t  appeared  i m p o s s i b l e  t o  make a 

d i f f e r e n t i a l  d i a g n o s i s  by r a d i o l o g i c a l  means a l o n e .  

I n  1 9 7 0 ,  Weber, S t o e c k l e ,  and HardyY5’ i n  a s t u d y  of  8 c a s e s  observed  

f o r  up t o  18 y e a r s ,  r e p o r t e d  t h a t  X-ray changes ,  most f r e q u e n t l y  i n v o l v i n g  

t h e  upper  l o b e s ,  c o n s i s t e d  of  g r a n u l a r ,  n o d u l a r ,  and l i n e a r  d e n s i t i e s  

o c c u r r i n g  s i n g l y  and i n  combined forms. Mixed p a t t e r n s  of  g r a n u l a r  and 

nodu la r  d e n s i t i e s  were most commonly s e e n .  P e r s i s t e n c e  of g r a n u l a r  d e n s i t i e s  

a l o n e  w a s  r a r e l y  obse rved .  Small  and s c a t t e r e d  l i n e a r  d e n s i t i e s  o f t e n  

developed ,  and i n  advanced cases, were v e r y  marked and a s s o c i a t e d  w i t h  

emphysema. F i b r o t i c  changes conf ined  t o  t h e  lower  l o b e s  were r a r e l y  s e e n .  

With f i b r o t i c  and emphysematous changes ,  g r a n u l a r  and n o d u l a r  d e n s i t i e s  

d iminished  t o  a p o i n t  where X-ray d i a g n o s i s  w a s  n o t  i n d i c a t e d .  

Charnberlin60 s t a t e d  t h a t  c l i n i c a l  and X-ray f i n d i n g s  a l o n e  e s t a b l i s h e d  

o n l y  presumpt ive  d i a g n o s i s  of  b e r y l l i u m  d i s e a s e .  Although X-ray f i n d i n g s  

are n o t  s p e c i f i c ,  t h e  appea rance  of a known p a t t e r n  o f  b e r y l l i u m  d i s e a s e  

on  a c h e s t  f i l m  shou ld  immedia te ly  a l e r t  t h e  p h y s i c i a n  t o  t h e  p o s s i b i l i t y  

of  t h i s  d i a g n o s i s .  
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(ii) Tissue sensitization has been reported. Sterner and 

Eisenbud in 19513' proposed that beryllium acts to produce allergic sensi- 

tization in tissues. 

claimed to give favorable differentiation between chronic beryllium disease 

and other pulmonary diseases.61 

an absolute diagnostic sign for chronic beryllium disease; in fact, in 

cases where differential diagnosis h a s  been difficult, the patch test has 

not been very 

beryllium disease, and a hypersensitivity phenomenon has been demonstrated. 6 3  

Since the skin patch test can develop a hypersensitive state in persons who 

have never been exposed to beryllium, its use in differential diagnosis is 

generally discouraged and the test is best avoided in screening persons who 

are to be exposed to beryllium. 

In 1959, the patch test developed by Curtis was 

The positive patch test did not serve as 

Jett61 has shown an immunologic basis to chronic 

28 

(iii) Tissue and fluid analysis for beryllium is used to 

establish previous exposure to beryllium. The detection of beryllium in 

tissue or urine is evidence of exposure to beryllium only, not necessarily 

to the presence of beryllium disease.64 

as a means for positive beryllium identi fi~ation.'~ 

findings of beryllium in the lungs of persons having known exposure to the 

material are due to inadequate sample quantities. At least a 5 gm specimen 

is recommended for lung tissue.28 

accordingly reduced for other organs since they contain much less material 

than the lung. 

environmental contaminant; however, Cholak66 tabulated the presence of 

extremely small quantities in soil, coal, and air. 

Lung biopsy has been recommended 

Frequently, negative 

The chances of positive analysis are 

Beryllium is not generally considered to be a natural 
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( i v )  A v a r i e t y  of v e n t i l a t o r y  f u n c t i o n  and gas  s t u d i e s  

67  I 
have been u t i l i z e d  i n  t h e  d i a g n o s i s  of c h r o n i c  b e r y l l i u m  d i s e a s e .  Wright h 

i n d i c a t e d  a d i f f i c u l t y  of oxygen t r a n s f e r  a c r o s s  t h e  pulmonary membranes 

as t h e  b a s i c  d e f e c t  i n  c h r o n i c  b e r y l l i u m  d i s e a s e .  An i n c r e a s e  i n  t h e  
L 

a l v e o l a r - a r t e r i a l  oxygen t e n s i o n  d i f F e r e n c e  is  o f t e n  n o t e d ,  and s t u d i e s  I 

have confirmed t h e  problem of oxygen d i f f u s i o n .  6 8  9 9 70 

I n  c o n t r a s t ,  Andrews, K a z e m i ,  and Hardy,71 i n  1967 found t h a t  i n  i 

E 
a d d i t i o n  t o  a r e s t r i c t i v e  p a t t e r n  of  d y s f u n c t i o n ,  39 p e r c e n t  of t h e i r  4 1  

p a t i e n t s  s t u d i e d  showed changes of o b s t r u c t i v e  lung  d i s e a s e  developement .  

P a t i e n t s  w i t h  an  o b s t r u c t i v e  d e f e c t  f a r e d  worse c l i n i c a l l y ,  w i t h  c o r  

pulmonale deve lop ing  i n  many. The f a c t o r s  which de termined  whether  a i rway  

o b s t r u c t i o n  o r  r e s t r i c t i v e  d e f e c t s  o r c u r r e d  i n  b e r y l l i u m  workers  were l a r g e l y  I 

unknown, b u t  po in t ed  up t h e  v a l u e  of  m u l t i p l e  lung  f u n c t i o n  c r i t e r i a ,  par -  

t i c u l a r l y  f o r c e d  e x p i r a t o r y  volume at- 1-second (FEV1.0), peak f low (PF) ,  

and maximal b r e a t h i n g  c a p a c i t y  ( M B C ) .  

Animal T o x i c i t y  

(1) T o x i c i t y  and P o t e n t i a l  Hea l th  Hazards 

6 4  A s u f f i c i e n t  number of animal. t o x i c i t y  s t u d i e s  have been r e p o r t e d  

t o  p e r m i t  t h e  fo l lowing  g e n e r a l i z a t i o n s .  S o l u b l e  be ry l l i um s a l t s  ( a s  

r e p r e s e n t e d  by t h e  s u l f a t e  and f l u o r i d e ) ,  low-f i red  h igh  su r face -a rea  o x i d e ,  

t h e  hydra ted  o x i d e ,  b e r y l l i u m  hydrox ide ,  and t h e  m e t a l  powder i n  adequa te  

c o n c e n t r a t i o n  a r e  r a p i d l y  ( a c u t e l y )  t o x i c  by a l l  r o u t e s  of a d ~ n i n i s t r a t i o n . ~ ~ , ~ ~  

when t h e  i n h a l e d  c o n c e n t r a t i o n s  a r e  h i g h ,  a c u t e  and c h r o n i c  pneumonit is  a r e  
I 

produced,  o f t e n  fo l lowing  a s i n g l e  exposure .  I n  g e n e r a l ,  t h e  more s o l u b l e ,  
\ 

t h e  more r a p i d  and s e v e r e  i s  t h e  a c u t e  r e sponse .  

The c o r r e l a t i o n  of b i o l o g i c  a c t i v i t y  w i t h  chemical  and p h y s i c a l  

p r o p e r t i e s  is demonst ra ted  by t h e  lesser t o x i c i t y  of  be ry l l i um ox ide  

I O !  I 1 4 9  
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prepa red  a t  1600°C a s  compared w i t h  b e r y l l i u m  o x i d e  c a l c i n e d  a t  l l O O o  and 

500'C. The h i g h - f i r e d  b e r y l l i u m  o x i d e  induced a minimal c e l l u l a r  r e a c t i o n  

and fewer  adenocarcinomas a s  compared w i t h  t h a t  produced when the low-f i red  

( 5 O O O C )  compound w a s  i n j e c t e d  i n  r a t s  i n t r a t r a c h e a l l y .  7 4  

Although t h e r e  a r e  v a r y i n g  q u a n t i t i e s  of  b e r y l l i u m  i n  t h e  d i f f e r e n t  

a l l o y s  and b e r y l l i d e s ,  t h e  i n t e r m e t a l l i c  forms o f  b e r y l l i u m  and c e r t a i n  

a l l o y s  of low b e r y l l i u m  c o n t e n t  produce  l i t t l e  o r  no a c t i v i t y  i n  ra ts  

i n t r a t r a c h e a l l y  i n j e c t e d  w i t h  t h e s e  s u b s t a n c e s .  The f a c t  t h a t  no f r a n k  

b e r y l l i u m  lung  d i s e a s e  occur red  i n  expe r imen ta l  an ima l s  from t h e s e  a l l o y s  

i s  i n  c o n f l i c t  w i t h  t h e  r e p o r t  of b e r y l l i u m  d i s e a s e  i n  workers  exposed t o  

bery l l ium-copper  a l l o y s ,  75 p o s s i b l e  a r e f l e c t i o n  o f  s p e c i e s  o r  h a b i t  

d i f f e r e n c e s .  

B e r t r a n d i t e  and b e r y l  o r e s  c o n t a i n i n g  4 p e r c e n t  b e r y l l i u m  have been 

r e p o r t e d  t o  have tumor igen ic  c a p a b i l i t y  whereas ,  i n  comparison,  b e r t r a n d i t e  

o r e  c o n t a i n i n g  less than  1 . 5  p e r c e n t  b e r y l l i u m  l a c k s  t h i s  c a p a b i l i t y .  76 

The l a c k  of tumor i n d u c t i o n  by p h e n a c i t e  o r e  (1 .5  p e r c e n t  b e r y l l i u m  c o n t e n t )  

p a r a l l e l s  t h e  f i n d i n g  w i t h  b e r t r a n d i t e  of  s i m i l a r  b e r y l l i u m  c o n t e n t .  76 

I n  g e n e r a l ,  s o l u b l e  b e r y l l i u m  s a l t s  and some of t h e  more i n s o l u b l e  

b e r y l l i u m  compounds produce a c u t e  inf lammatory r e a c t i o n s  i n  an ima l s .  Major 

i d e ,  f a c t o r s  which i n f l u e n c e  t o x i c i t y  i n c l u d e  s o l u b i l i t y ,  p a r t i c l e  s i z e ,  and 

e p e r c e n t a g e  of  b e r y l l i u m  i n  t h e  compound. The r a t e  of b i o l o g i c a l  r e s p o n s e  

n.72373 seems t o  b e  r e l a t e d  t o  t h e  ra te  of  s o l u b i l i t y .  About h a l f  of  t h e  i n d u s t r i -  

3r e a l l y  impor t an t  forms of  b e r y l l i u m  r e a d i l y  induce  pulmonary tumors ,  p a r t i c u -  

l e  3 l a r l y  i n  t h e  r a t ,  a r e sponse  t h a t  has  no t  y e t  appeared  i n  b e r y l l i u m  workers .  

The more r a r e l y  produced o s t e o g e n i c  sarcoma and r i c k e t s  are p e c u l i a r  t o  

expe r imen ta l  an ima l s ,  a l t hough  t h e  granuloma of t h e  s k i n  w i t h  u l c e r  o c c u r s  

i n  man a s  w e l l .  
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(2) Absorption, Fate, ar,d Excretion 

Beryllium is demonstrably toxic by most routes of administration; 

the routes most commonly employed in animal experiments being intravenous, 

intraperitoneal, inhalation, intratracheal instillation, subcutaneous, and 

oral.77 

other routes. 

dose level, is practically nontoxic by mouth at a level several thousand- 

fold greater by multiple dose (3750 mg/kg/day). 7 8 , 7 9  

localize in the lung, but is transported to all tissues of the body. 

Noticeable, however, is the difference in oral toxicity to that by 

The sulfate, highly toxic by all other routes at a single 

Beryllium does not 

(3) Beryllium Effects Peculiar to Animals 

Beryllium is capable of inducing primary pulmonary cancer in 

animals. Evidence has accumulated incriminating a number of beryllium 

compounds; particularly beryllium oxide, hydroxide, sulfate, and fluoride; 

as carcinogens for experimental animals. 80 

Osteosarcoma, reported by many investigators using beryllium oxide 

and zinc beryllium silicate by different routes of administration, 81,82,83 

appears to be a beryllium disease that has been demonstrated only in animals, 

possibly the result of massive exposures not encountered by beryllium 

workers . 

Beryllium "rickets" is likewise a condition not seen in man, probably 

because the rickets were produced in young animals on diets with substantial 

amounts of BeC03 (0.5 and 2%),84 conditions not met in the human situation. 

A toxic macrocytic anemia that has  been reported to result in animals 

exposed by inhalation to beryllium compounds and substantiated by demon- 

strated interference in both heme and globin synthesis85 seems not to have 

been noted in individuals with beryllium disease. 

IV-16 

IOt i 1 5 1  

i I 
t 
< 

i 

1 

! 
! 

! 

i 

/ 

i 
I 



in ; 

‘ Y  

Id 

by 

;3  

ials, 

Y 

ial 

S 

b 
i 

Finally, the morphologic changes in the lungs of animals with alveolar 

metaplasia, do not resemble in all respects those seen in man. 

(4‘) Siochemistry 

Although a considerable number of biochemical investigations 

have been made during the past two decades,64 both in the living animal 

and in tissues excised from animals exposed to beryllium, little of practical 

clinical value has resulted. The one promising early indicator of response, 

the interference in the activity of a generally distributed metal-activated 

enzyme of beryllium,86 was abandoned when later  investigation^^^ failed to 
show a consistent depression in enzyme activity in animals exposed to 

beryllium throughout a 15-month period. 

Beryllium has been found to have especial affinity for intracellular 

inclusion bodies. 88,89 

been found to localize in the granular layer of the skin.” 

phosphatase comprises about 50 percent of this layer, it has been surmised 

that beryl.lium is bound to the phosphatasc1. 

Further, in guinea pig studies, beryllium has also 

A s  alkaline 

General adrenal imbalance is proposed as a governing mechanism for 

the sudden onset of “latent” beryllium disease months and years after 

exposure to beryllium has ceased by causing tissue redistribution of 

beryllium into sensitive body sites, resulting in a more severe systemic 

91 react ion. 

Attempts to find, by animal experimentation, effective therapeutic 

agents that would rid the body of deposited beryllium92793 have met with 

no human success of clinical importance, at least where long-deposited 

beryllium is concerned. 
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(5) Limitations of Experimental Toxicology 

An exact parallelism in the response of animals and man does not 

always exist. Animals respond toxicologically to beryllium with changes 

that are morphologically different from those observed in man. In the 

rat, epithelialization has ultimately resulted in development of an adeno- 

matous tumor. The epithelial proliferation and primary pulmonary cancer 

was induced in rats after long-term, daily repeated exposures to beryllium 

sulfate at an average concentration of 643 pg/m3 (55 pg/m3 of beryllium) 

and has not been reproduced in man even after long periods of time and high 

exposure levels. 

sive in this respect. Hence, the carcinogenic exposure-effect relationship 

observed in animals does not correlate to man. The human organism has not 

been observed to respond in the same manner as rats to beryllium exposure; 

therefore, animal studies contribute only indirectly and provide no corre- 

lation of human exposure-effect relationships as they pertain to development 

of a recommended environmental standard. 

Beryllium Case Registry 

In man, the granulomatous disease seems only to be progres- 

The Beryllium Case Registry was instituted in 1 9 5 1 ~ ~  at the Massachusetts 

General Hospital to provide a central source for cases of diagnosed beryllium 

poisoning. 

108 chronic cases and analyzed them by industrial process. By 1958, the 

Beryllium Case Registry had recorded 393 chronic cases out of a total of 

606;95 twenty-seven originally acute rases had become chronic. 

675 cases were on recordY9' 760 as of 1966,54 and 822 as of this writing 

(May, 1972). Annually reported Registry cases decreased considerably 

following institution of industrial control measures in 1949; nevertheless, 

Prior to beginning the Registry, a report94 in 1948 had compiled 

A s  of 1963, 
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approx ima te ly  15  c a s e s  p e r  y e a r  have c o n s i s t e n t l y  have been added t o  

t h e  R e g i s t r y  s i n c e  1962.  

Chronic b e r y l l i u m  d i s e a s e  h a s  occur red  subsequent  t o  t h e  i n s t i t u t i o n  

of c o n t r o l  measures  i n  1949. Peyton and Worcesterg5 r e p o r t e d  10 c a s e s  i n  

t h e  R e g i s t r y  (4 a c u t e  and 6 c h r o n i c )  whose f i r s t  exposures  occur red  a f t e r  

1949. I n  a d d i t i o n ,  follow-up and new c a s e s  of c h r o n i c  b e r y l l i u m  d i s e a s e  

r e p o r t e d  by Lieben and W i l l i a m s g 7  imply,  from t h e  r e l a t i v e l y  young a g e s  

of some p a t i e n t s ,  t h a t  c h r o n i c  b e r y l l i u m  disease h a s  been c o n t r a c t e d  from 

i n i t i a l  exposures  subsequen t  t o  1949. 

A 1972 i n q u i r y  t o  t h e  R e g i s t r y g 8  f o r  c a s e s  of c h r o n i c  b e r y l l i u m  d i s e a s e  

c o n t r a c t e d  from i n i t i a l  exposure  subsequent  t o  1 9 4 9  produced a t  l e a s t  20 

case h i s t o r i e s ;  t e n  r e p r e s e n t a t i v e  examples a re  shown i n  T a b l e  V .  The 

m a j o r i t y  of t h e s e  c a s e s  have been diagnosed subsequen t  t o  1965 and have 

invo lved  d i r e c t  h a n d l i n g  and t h e  r e s u l t i n g  i n h a l a t i o n  of b e r y l l i u m .  Of 

i n t e r e s t  i s  t h a t  r e c e n t  c a s e s  are o c c u r r i n g  n o t  o n l y  i n  s m e l t i n g  and 

e x t r a c t i o n  o p e r a t i o n s ,  b u t  a l s o  i n  a l l o y  and ce ramics  o p e r a t i o n s  where 

contaminant  c o n t r o l  r e p o r t e d l y  has been q u i t e  s u c c e s s f u l .  Although environ-  

men ta l  exposure l e v e l s  a re  g e n e r a l l y  d i f f i c u l t  t o  r e l a t e  t o  i n d i v i d u a l  

p a t i e n t s ,  two i tems are p r e s e n t e d  i n  Tab le  V .  For t h e  a l l o y  worker ,  

o p e r a t i o n s  were performed wi thou t  p rope r  v e n t i l a t i o n  and exhaus t  i n s t a l l a -  

t i o n s .  T h i s  c a s e  occur red  from machining and p o l i s h i n g  a n  a l l o y  c o n t a i n i n g  

approx ima te ly  0 . 6  p e r c e n t  b e r y l l i u m .  

shop o p e r a t o r  hav ing  maximum dai ly-weighted a v e r a g e  exposures  of  5 .9  p g  

B e / m 3  accord i r ,g  t o  t h e  e m p l ~ y e r . ~ '  However, t h e  worker w a s  i nvo lved  i n  

maintenance a c t i v i t i e s  and ,  from h i s  own r e p o r t ,  hood door s  w e r e  f r e q u e n t l y  

The second example invo lved  a machine- 
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l e f t  open d u r i n g  machining o p e r a t i o n s .  

were probably much h i g h e r  t h a n  r e p o r t e d .  

I t  i s  a p p a r e n t  t h a t  exposure  levels  I 
t 
! 

i 
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  e s t i m a t e d  d u r a t i o n  of exposure  ranged 

from 6 weeks t o  9-112 y e a r s  f o r  t h e  c a s e s  l i s t e d  i n  T a b l e  V .  T h i s  would seem 

t o  i n d i c a t e  t h a t  f o r  development of c h r o n i c  b e r y l l i u m  d i s e a s e ,  compara t ive ly  1 
s h o r t  t i m e  i n t e r v a l s  are a l l  t h a t  a r e  n e c e s s a r y  a t  t h e  r e l a t i v e l y  low l e v e l s  

b e l i e v e d  t o  b e  found i n  i n d u s t r y  s i n c e  1949. 

The D i r e c t o r  of t h e  R e g i s t r y  a l s o  i n d i c a t e s  t h a t  t h e  i n c i d e n c e  of  

confirmed c h r o n i c  b e r y l l i u m  d i s e a s e  i s  c o n t i n u i n g  and a t  least  t h r e e  new 

cases w i l l  b e  admi t ted  t o  t h e  Bery l l i um Case R e g i s t r y  i n  1972. 
98 

I n f o r m a t i o n  from t h e  Bery l l i um R e g i s t r y  h a s  been v a l u a b l e  i n  (1) cr i te r ia  

s e l e c t i o n  f o r  d i a g n o s i s  of b e r y l l i u m  p o i s o n i n g ,  ( 2 )  judgment of e f f e c t i v e n e s s  

of c o n t r o l s ,  and (3)  e v a l u a t i o n  of t h e  c l i n i c a l  c o u r s e  of b e r y l l i u m  d i s e a s e  

and response  t o  t h e r a p y .  

t h r e e  impor tan t  d e f i c i e n c i e s  i n  t h e  R e g i s t r y :  (1) l a c k  of knowledge of 

t h e  s i z e  of p o p u l a t i o n  a t  r i s k ;  (2)  i ncomple t e  d a t a  d e s c r i b i n g  t h e  amount 

of b e r y l l i u m  exposure ;  and (3)  f a i l u r e  t o  l e a r n  of a l l  c a s e s  of t h e  d i s e a s e  

i n  a be ry l l i um-us ing  i n d u s t r y .  

Neighborhood Cases 

Hardy54 p o i n t s  o u t ,  however, t h a t  t h e r e  a r e  

The t e r m  "neighborhood case" h a s  been  a p p l i e d  t o  a p a t i e n t  i n  which 

b e r y l l i u m  d i s e a s e  h a s  developed as a r e s u l t  of what i s  b e l i e v e d  t o  b e  

i n d i r e c t  exposure  o u t s i d e  a p l a n t .  

exposure  w e r e  f i r s t  recognized  by Gelman i n  1938. 

of non-occupat ional  cases were r e p o r t e d  25y99y1009101 i n  i n d i v i d u a l s  e i t h e r  

l i v i n g  i n  c l o s e  p rox imi ty  t o  b e r y l l i u m  h a n d l i n g  p l a n t s  ( g e n e r a l l y  w i t h i n  

Neighborhood cases of b e r y l l i u m  

A d d i t i o n a l  r e p o r t s  

one m i l e )  o r  hav ing  some d i r e c t  c o n t a c t ,  sometimes unknowingly, w i t h  

b e r y l l i u m .  An example i s  g iven28799 of a woman whose d a u g h t e r ,  a worker 
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i n  a f l u o r e s c e n t  lamp p l a n t ,  came home from work d a i l y  w i t h  a f i n e  powder 

on h e r  shoes  and i n  h e r  c l o t h e s .  The daugh te r  h e r s e l f  developed c h r o n i c  

b e r y l l i u m  d i s e a s e .  During t h e  two-year c o u r s e  of t h e  s t e a d i l y  p r o g r e s s i v e  

and f i n a l l y  f a t a l  d i s e a s e ,  s h e  w a s  ca red - fo r  by t h e  mother ,  who subsequen t ly  

a l s o  developed t h e  d i s e a s e  and d i e d .  By 1966 a t o t a l  of 60 neighborhood 

c a s e s  had been r e p o r t e d .  54 

I n  1949, a n  e x t e n s i v e  coinmunity program w a s  conducted i n  t h e  l o c a l i t y  

of  a b e r y l l i u m  p r o c e s s i n g  p l a n t . 2 5  From a review of t h e  program's  approxi-  

m a t e l y  10,000 X-ray f i l m s  and m u l t i p l e  a i r  a n a l y s e s ,  t h e r e  emerged recommen- 

d a t i o n s  f o r  i n - p l a n t  and community a tmosphe r i c  l i m i t s  f o r  b e r y l l i u m  ( s e e  

s e c t i o n  on Development of S t a n d a r d ) .  

I n  n e a r l y  eve ry  i n s t a n c e  of a r e p o r t e d  neighborhood case, c l o s e  

examina t ion  of t h e  c i r cums tances  i n d i c a t e s  exposure  t o  b e  caused ,  o r  

c o n t r i b u t e d  t o ,  by means o t h e r  t h a n  ambient  a i r  p o l l u t i o n .  F a c t o r s  

i n v o l v i n g  l a u n d e r i n g  of work c l o t h e s ,  hav ing  r e l a t i v e s  who were b e r y l l i u m  

r e f i n e r y  employees,  having a m i l k  r o u t e  w i t h i n  a p l a n t  neighborhood,  

house-cleaning r e q u i r e m e n t s ,  e t c . ,  have a l l  been r e p o r t e d .  9 7  I n  one 

i n s t a n c e ,  i n d i v i d u a l s  a f f e c t e d  l i v e d  s e v e r a l  m i l e s  away from t h e  i n d u s t r i a l  

s i t e  b u t  were found t o  have v i s i t e d  a graveyard and t o  have tended g raves  

r e g u l a r l y  a c r o s s  t h e  s t reet  from t h e  b e r y l l i u m  r e f i n e r y .  

It h a s  y e t  t o  b e  d e f i n i t e l y  e s t a b l i s h e d  whether  ambient  a i r  contamina- 

t i o n  a l o n e ,  a t  a d i s t a n c e  from a p l a n t ,  can  c a u s e  c h r o n i c  b e r y l l i u m  d i s e a s e .  

C o r r e l a t i o n  of Exposure and E f f e c t s  

e r  C l i n i c a l  f i n d i n g s  i n  some c u r r e n t  c h r o n i c  b e r y l l i u m  d i s e a s e  cases 

i n d i c a t e  r e c e n t  i n i t i a l  exposures ,  and t h e r e  are new cases of t h e  d i s e a s e  

s t i l l  b e i n g  r e p o r t e d ,  98 N e v e r t h e l e s s  , extreme d i f f i c u l t i e s  are p r e s e n t e d  

when a t t e m p t i n g  t o  c o r r e l a t e  workroom exposure  l e v e l s  of b e r y l l i u m  w i t h  

1 
, 
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cases of e i t h e r  a c u t e  o r  c h r o n i c  b e r y l l i u m  d i s e a s e .  The absence  of 

q u a n t i t a t i v e  d a t a  on exposures  t o  b e r y l l i u m  i n  r e p o r t s  p r i o r  t o  1947 i s  

unde r s t andab le  s i n c e  (1) a i r b o r n e  b e r y l l i u m  had n o t  a t  t h a t  t i m e  been 

c o n c l u s i v e l y  i d e n t i f i e d  a s  a cause  of d i s e a s e  and ( 2 )  no r e l i a b l e  a n a l y t i c a l  

methods had been  developed .  Undoubtedly,  ex t remely  h i g h  c o n c e n t r a t i o n s  

were encountered  (see Environmental  Da ta ) .  

From 1949 t o  1961,  c o n t r o l s  were imposed by t h e  AEC on i n d u s t r i a l  

b e r y l l i u m  p roduce r s  th rough s p e c i f i c  c o n t r a c t  r equ i r emen t s  t o  meet 

o c c u p a t i o n a l  s t a n d a r d s .  I n  Some cases i n d u s t r y  d i d  n o t  meet t h e  AEC 

s t a n d a r d s  t h a t  were developed.  L i t t l e  is  known of t h e  envi ronmenta l  

c o n d i t i o n s  s i n c e  1961. 

A su rvey  was performed i n  1968 by t h e  U.S. P u b l i c  Hea l th  S e r v i c e  

i n  which 1600 employees were s t u d i e d  from f o u r  b e r y l l i u m  p roduc t ion  

p l a n t s .  Ches t  X-rays w e r e  t aken  and gaseous d i f f u s i o n  tests w i t h  

sp i rome t ry  measurements were performed i n  c o n j u n c t i o n  w i t h  a selec 

q u e s t i o n n a i r e .  R e s u l t s  ob ta ined  from t h e  s t u d y  i n d i c a t e d  t h e  poss  

b i l i t y  of b e r y l l i u m  r e l a t e d  pulmonary impairment  i n  i s o l a t e d  cases 

however, t h e  d a t a  were i n c o n c l u s i v e ,  103  

A r e t r o s p e c t i v e  c o h o r t  s t u d y  of c a u s e - s p e c i f i c  m o r t a l i t y  among 

ed 

- 

3,921 

males employed i n  two b e r y l l i u m  p l a n t s  d u r i n g  Janua ry ,  1942 through 

December 1967,  w a s  conducted ,  lo4 

r i s k  of d e a t h  among b e r y l l i u m  workers  w i t h  t h a t  expec ted  on t h e  b a s i s  of 

age-sex-calendar  t i m e  o f  s p e c i f i c  m o r t a l i t y  r a t e s  f o r  t h e  g e n e r a l  popu la t ion .  

of t h e  United S t a t e s  (Tables  V I  t o  X ) .  

Comparison was made between t h e  

M o r t a l i t y  p a t t e r n s ,  i n c l u d i n g  m o r t a l i t y  from r e s p i r a t o r y  t ract  cance r ,  

r e v e a l e d  no s i g n i f i c a n t  d e p a r t u r e  from e x p e c t a t i o n  i n  t h i s  popu la t ion .  Even 

when c o n s i d e r a t i o n  w a s  g iven  t o  a l a p s e d  t i m e  of t e n  y e a r s  and of f i f t e e n  
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y e a r s  a f t e r  o n s e t  of employment, no ev idence  w a s  demonstrated f o r  

an a s s o c i a t i o n  between b e r y l l i u m  exposure and l u n g  e a n c e r  i n d u c t i o n  i n  

man. Likewise ,  no a s s o c i a t i o n  was d e t e c t e d  f o r  i n t e n s i t y ,  d u r a t i o n ,  o r  

c a l e n d a r  p e r i o d  of exposure  t o  b e r y l l i u m .  

C e r t a i n l y ,  exposure  l e v e l s  today are w e l l  below t h o s e  encountered  

i n  t h e  e a r l y  1940’s .  Whether a l a r g e  s a f e t y  f a c t o r  i s  p r e s e n t  i n  t h e  

c u r r e n t  o c c u p a t i o n a l  environment exposure  s t a n d a r d  f o r  b e r y l l i u m  i s  

unknown. There h a s  been no comprehensive,  long-term c o n t r o l  s t u d y  

r e l a t i n g  env i ronmen ta l  b e r y l l i u m  c o n c e n t r a t i o n s  w i t h  a cause -and-e f f ec t  

r e l a t i o n s h i p  t o  b e r y l l i u m  d i s e a s e ;  t h e r e f o r e ,  t h e  l e v e l  t o  which a 

r e v i s e d  s t a n d a r d  could  b e  recommended i s  l a r g e l y  one of c o n j e c t u r e .  

IV-23 
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V. ENVIRONMENTAL DATA 

Exposure l e v e l s  were ex t r eme ly  h i g h  i n  t h e  b e r y l l i u m  i n d u s t r y  p r i o r  

t o  t h e  i n s t i t u t i o n  of  c o n t r o l  r equ i r emen t s  by t h e  AFC.  An i n d i c a t i o n  of 

t h e  r e l a t i v e  exposure  i e v e l s  may b e  ga ined  from t h e  f o l l o w i n g  s e l e c t e d  

examples. 

In 1946, a su rvey  w a s  conducted105 of a b e r y l l i u m  p l a n t  

t o  p r o v i d e  i n f o r m a t i o n  which would serve as a b a s i s  f o r  t o x i c o l o g i c  

i n v e s t i g a t i o n s  of b e r y l l i u m .  Tab le  X I  i n d i c a t e s  c o n d i t i o n s  observed  

around a b e r y l l i u m  m e t a l  f u r n a c e ,  b e r y l l i u m  f l u o r i d e  f u r n a c e ,  and an  

o r e  t r e a t m e n t  u n i t  ( r o t a r y  k i l n  d r y e r ) .  D u s t  c o n c e n t r a t i o n s  of 110  t o  533 

pg B e / m 3  were r e c o r d e d  f o r  t h e  coke removal o p e r a t i o n  and 1 ,430  t o  4,710 

pg/m3 w e r e  r eco rded  d u r i n g  t h e  b e r y l l i u m  pour ing  phase .  F l u o r i d e  leve ls  

( n o t  shown i n  t h e  Tab le )  reached  l e v e l s  as  h i g h  a s  58.2 mi l l i g rams /m . 
The f l u o r i d e  l e v e l s  are  mentioned on ly  t o  emphasize t h e  ex t r eme ly  h igh  

contaminant  l eve ls  encoun te red  i n  t h e  workroom a i r  and shou ld  n o t  b e  

compared w i t h  b e r y l l i u m  c o n c e n t r a t i o n s .  

t h a t  t h e  y e a r l y  a v e r a g e  c a s e  f r e q u e n c i e s  of  b e r y l l i u m  p o i s o n i n g  ranged  

from 63.5 t o  238 .1  a c c i d e n t s  p e r  m i l l i o n  m,inhours. The s t a n d a r d  accep ted  

a c c i d e n t  l eve l  w a s  4 .0 ;  t h e r e f o r e ,  t h e  e x t e n t  of t h e  hazard  can  b e  

a p p r e c i a t e d .  

e 

3 

It was a l s o  r e p o r t e d  105 

Z i e l i n s k i l o 6  a l s o  r e p o r t e d  ex t r eme ly  h igh  l eve l s  of exposure  t o  b e r y l l i u m  

i n  an  a l l o y  p l a n t  i n  1947 and 1948 (Table  XI1). The f i g u r e s  are d e r i v e d  from 

v e r y  minimal d a t a  b u t ,  a g a i n ,  t h e  e x t e n t  of t h e  h i g h  exposure  l eve l  may b e  

seen .  

According t o  R r e s l i n , l o 2  S h i l e n  r e p o r t e d  i n  1947 t h a t  b e r y l l i u m  d u s t  
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c o n c e n t r a t i o n s  were encoun te red  up t o  8 . 8 4  mill igrams/m3.  

50 p e r c e n t  of t h e  d e t e r m i n a t i o n s  were i n  excess of 100 pg B e / m 3 .  

i s  l i t t l e  doubt  t h a t  e a r l y  exposures  were ve ry  h igh .  107,108 

i n  r ev iewing  t h e  Beryl l ium Case R e g i s t r y  d a t a ,  p r e p a r e d  a comparison of c h r o n i c  

and acu te - to -ch ron ic  b e r y l l i u m  cases a g a i n s t  t h e  p r o x i m i t y  of t h e  p a t i e n t ' s  

j o b  (Tab le  XIII). 

t h e  s e v e r i t y  of exposure  and y e t ,  as also n o t e d  by B r e s l i n , l 0 2  t h e  

r e l a t i o n s h i p  w a s  s t r i k i n g .  

b r o n c h i t i s  i n  two p l a n t s  observed from 1940  t o  1 0 4 8 ,  3 d e a t h s  occur red  i n  1 9 4 3  

and 10 d e a t h s  o v e r  t h e  8 y e a r  p e r i o d .  

were i n v a r i a b l y  encoun te red ,  c e r t a i n l y  i n  e x c e s s  of 100 pg/m3 and p robab ly  

g r e a t e r  t h a n  1 m i l l i g r a m / m  . 

Greater t h a n  

There 

W i l l i a m s 1 0 7  

We c a u t i o n e d  t h a t  t h i s  d i d  n o t  n e c e s s a r i l y  r e f l e c t  

I n  a r e p o r t 3 4  of 178 cases of pneumoni t i s  and 

High c o n c e n t r a t i o n s  of b e r y l l i u m  

3 

Subsequent  t o  the i n s t i t u t i o n  of r o n t r o l  methods i n  1949  ( s e e  Develop- 

ment of t h e  S t a n d a r d ) ,  env i ronmen ta l  exposure l e v e l s  t o  b e r y l l i u m  were 

markedly r educed .  109-112 I n  one Ohio e x t r a c t i o n  p l a n t  o p e r a t e d  f o r  t h e  AEC,  

exposure  l e v e l s  were r eco rded  a t  2 pg B e / m 3  o r  l ess  most of t h e  t i m e  

o v e r  a 7 y e a r  per iod. ' l0This  was c h a r a c t e r i s t i c  f o r  t h i s  e x t r a c t i o n  p l a n t  

and s i m i l a r  r e s u l t s  were r e p o r t e d  fur o t h e r  s i t e s  such as  f a b r i c a t i o n  

shops and e s p e c i a l l y  machine shop. 1103111 where i t  w a s  n o t  unusual  f o r  

c o n c e n t r a t i o n s  of 0 . 1  ,ug Be/m3 o r  less t o  be r e p o r t e d .  

of approx ima te ly  2600 samples  i n  t h e  Ohio e x t r a c t i o n  p l a n t  showed c o n c e n t r a t i o n s  

g r e a t e r  t h a n  25 pg/m . 

F i v e  t o  t e n  p e r c e n t  

3 

Although o p e r a t i o n s  which have con t inuous  h y g i e n i c  management p r o c e d u r e s  

and upda ted  c o n t r o l  methods have ach ieved  b e r y l l i u m  c o n t r o l  w i t h i n  p r e s e n t  
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o c c u p a t i o n a l  s t a n d a r d s l l z  (see Tab le  X I V )  , o t h e r  f a c i l i t i e s  have n o t  ach ieved  

such s u c c e s s .  Z i e l i n s k i  implied106 t h a t  o p e r a t i o n s  not  hav ing  pr ime interest  

t o  t h e  AEC were monitored t o  o n l y  a small  deg ree .  

cer ta in  foundry  o p e r a t i o n s  were a c t i v a t e d  s p e c i f i c a l l y  f o r  t h e  p u r p o s e  

of  o b t a i n i n g  d a t a  and o p e r a t o r s  were u n u s u a l l y  c a r e f u l  i n  a t t e m p t i n g  t o  

minimize p o l l u t i o n  of t h e  a i r .  

shows time-weighted ave rage  v a l u e s  i n  mi l l i g rams /m3  f o r  exposure  of p e r s o n n e l  

d i r e c t l y  invo lved  i n  t h e  p r o d u c t i o n  of  a copper-beryl l ium a l l o y  f o r  the 

P.t t h e  t i m e  of  s u r v e y s  

Tab le  XV, t a k e n  from Z i e l i n s k i ' s  r e p o r t ,  

p e r i o d  of 1953 t o  mid-1960. 

Tab le s  XVI t o  XXX, compiled by NIOSH from h E C  d a t a ,  l i s t  da i ly -we igh ted ,  

b rea th ing -zone ,  and g e n e r a l  a i r  v a l u e s  sampled from 5 major b e r y l l i u m  

p r o c e s s i n g  p l a n t s  f o r  v a r i o u s  p e r i o d s  d u r i n g  1959 t o  1961 .  

Daily-weighted a v e r a g e  exposures  a r e  l i s t e d  i n  T a b l e s  XVI t o  XX. 

Employees w e r e  c o n s i s t e n t l y  exposed t o  da i ly -we igh ted  ave rage  exposures  

i n  e x c e s s  of 2 pglm3 (40 t o  75 p e r c e n t  of workers  was n o t  uncommon). 

P l a n t  D (Tab le  X I X )  showed c o n s i s t e n t  improvement and s a t i s f a c t o r y  ach ieve -  

ment of the 2 pglm g o a l .  

r e d u c t i o n s  below 5 pg/rn3 and P l a n t  C had approx ima te ly  90 p e r c e n t  of 

employees w i t h i n  t h e  5 pg l e v e l .  

t h e  s i n g l e  s t u d y  showed i n a d e q u a t e  achievement of c o n t r o l .  

Only 

3 P l a n t s  A and R ach ieved  da i ly -we igh ted  ave rage  

Data were i n s u f f i c i e n t  f o r  P l a n t  E ;  however, 

Average b rea th ing -zone  c o n c e n t r a t i o n s  ( T a b l e s  XXI t o  XXV) w e r e  c o n s i s t e n t l y  

below 50 pg/m3 and l e s s  t h a n  25 pg/m3 most of t h e  t i m e .  

exceeded 50 pg/m3 t h e y  were of such  magnitude as t o  i n d i c a t e  f a i l u r e  

of c o n t r o l  methods through e i t h e r  i nadequa te  p r a c t i c e s  o r  a c c i d e n t a l  equipment 

breakdown. The r a n g e  i n  e f f e c t i v e n e s s  of c o n t r o l  measures  (Tab le  X X I V )  i s  

i l l u s t r a t e d  i n  the c h i p  t r a n s f e r  and b l e n d i n g  o p e r a t i o n s  where b rea th ing -zone  

Where v a l u e s  
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3 
c o n c e n t r a t i o n s  approximated 1, GOO ,pg/m 

i n  1959 were w i t h i n  t h e  2 pg/m r a n g e .  

c i t e d  were n o t  unusua l  when c o n t r o l  measures were i n o p e r a t i v e .  

i n  1355, whereas subsequen t  levels 

The h i g h  c o n c e n t r a t i o n s  j u s t  3 

R e s u l t s  of average  g e n e r a l  air  sampling are l i s t e d  i n  T a b l e s  X X V I  t o  

XXX. 

of dai ly-weigh t e d  averages .  

marked c o n t r o l  of b e r y l l i u m  d u s t  c o n c e n t r a t i o n s  from p r e - c o n t r o l  l e v e l s ,  

seldom c o n s i s t e n t l y  achieved  an o v e r a l l  average  of 2 pg/m . O f  i n t e r e s t  

i s  t h e  f a c t  t h a t  lunch  and locker-room f a c i l i t i e s  f r e q u e n t l y  showed g e n e r a l  

a i r  c o n c e n t r a t i o n s  as h i g h  as r e g u l a r  p r o d u c t i o n  areas. 

r e g u l a r l y  i n d i c a t e d  h i g h  b e r y l l i u m  c o n c e n t r a t i o n s  i n  t h e  shoe-change room. 

Values  g e n e r a l l y  r e f l e c t  t h e  same p i c t u r e  as shown i n  t h e  t a b l e s  

P l a n t  o p e r a t i o n s  i n  g e n e r a l ,  though a c h i e v i n g  

3 

P l a n t  C (Table  i'AvII) 

Shake-down phases  f o r  p r o c e s s  equipment o f t e n  produced d u s t  concen t r a -  

t i o n s  which were n o t  expected t o  r e p r e s e n t  "normal" o p e r a t i n g  c o n d i t i o n s .  

F r e q u e n t l y ,  however, e l e v a t e d  l e v e l s  were a r e s u l t  of i g n o r i n g  many of  

t h e  fundamental  p r i n c i p l e s  of good i n d u s t r i a l  hygiene pract ice .  

c o n t r o l  improvements r e s u l t e d  i n  a r e d u c t i o n  of exposures  t o  p r o d u c t i o n  

workers ,  on ly  t o  be o f f s e t  by an  upward t r e n d  i n  exposures  t o  non-product ion 

workers .  It was observed t h a t  d u r i n g  t h e  p e r i o d  summarized i n  T a b l e s  XVI 

t o  (1950 ' s  and e a r l y  1 9 6 0 ' s ) ,  t h e  downward s h i f t  of exposures  w a s  

l a r g e l y  a t t r i b u t a b l e  t o  t h e  e f f o r t s  of t h e  AEC. A c a r e f u l  examina t ion  

of t h e  s u r v e y  d a t a  w i l l  show t h a t  a t  one t i m e  o r  a n o t h e r ,  n e a r l y  e v e r y  j o b  

c a t e g o r y  w a s  w i t h i n  p e r m i s s i b l e  l i m i t s .  I n d i v i d u a l l y ,  o p e r a t i o n s  were 

c o n t r o l l a b l e ,  b u t  problems a r o s e  i n  a t t e m p t i n g  t o  r e a c h  s a t i s f a c t o r y  c o n t r o l  

un i fo rmly  throughout  a p l a n t .  When c o n c e r t e d  e f f o r t s  were made t o  reduce  

c o n c e n t r a t i o n s  a t  o f f e n d i n g  o p e r a t i o n s ,  i t  was found t h a t  t h e  e s t a b l i s h e d  

l e v e l  of 2 yg/m3 could  be m e t .  

O c c a s i o n a l l y ,  
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Although t h e  i n s t i t u t i o n  of envi ronmenta l  c o n t r o l  procedures  f o r  

beryllium d r a s t i c a l l y  reduced exposure  l e v e l s  f o r  worke r s ,  t h e  e s t a b l i s h e d  

i n d u s t r i a l  l i m i t s  had n o t  been c o n s i s t e n t l y  a t t a i n e d .  
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VI. DEVELO'I'YENT OF THE STAXDAR3 

Basis f o r  S tanda rd  

P r i o r  t o  1947 i t  w a s  v i r t u a l l y  i m p o s s i b l e  t o  c o r r e l a t e  med ica l  f i n d i n g s  

w i t h  exposure  l e v e l s  of vorkmen. One r eason  f o r  t h e  l a c k  of such  d a t a  w a s  

t h a t ,  a t  t h e  t i m e ,  s e n s i t i v e  a n a l y t i c a l  methods f o r  b e r y l l i u m  had n o t  been 

developed ,  n o r  were a i r  samplinR i n s t r u m e n t s  g e n e r a l l y  a v a i l a b l e  t h a t  were 

s u i t a b l e .  Because of t h e  s t e a d i l y  i n c r e a s i n g  accoun t s  of r e s p i r a t o r y  

i l l n e s s  and d e a t h  r e s u l t i n g  from beryllium exposure ,  and because  of t h e  

s i m i l a r i t i e s  appa ren t  i n  pneumoconiosis ,  a symposium was he ld  a t  Saranac  

Lake, N e w  York, . i n  t h e  Fall of 1947 t o  rev iew t h e  e n t i r e  b e r y l l i u m  problem. 

This  w a s  t h e  6 t h  Saranac  Symposium and i n f o r m a t i o n  ga ined  from t h e  s e s s i o n s ,  

113 

24,25 
coupled w i t h  t h e  r e s e a r c h  and recommendations of Eisenbud and co-xorkers  , 

provided  t h e  b a s i s  f o r  t h e  United S t a t e s  Atomic Energy Commission Con t ro l  

Requirements es tab l i shec l  i n  1949.  

L imi ted  i n v e s t i g a t i o n s  by Eisenbud" sugges t ed  t h a t  maximum 

c o n c e n t r a t i o n  a t  which t h e  b e r y l l i u m  workmen i n v e s t i g a t e d  had been exposed 

d i d  n o t  exceed 15 p g  B e / m 3  of a i r .  

v a l u e  of 25 fg/m3 was recommended by Eisznbud as t h e  maximum p e r m i s s i b l e  

pealc exposure .  

of b e r y l l i u m  d i s e a s e 2 5  r e s u l t e d  i n  t h e  c o n c l u s i o n  t h a t ,  i n  t h e  human popula- 

t i o n  around a b e r y l l i u m  p roduc t ion  p l a n t ,  t h e  lowes t  c o n c e n t r a t i o n  which 

produced d i s e a s e  was g r e a t e r  t h a n  0 .01  pg/rn3 and probably  less than  3.10 

pg/m3. 

For  c o n t r o l  of t h e  a c u t e  d i s e a s e ,  a 

I n  a d d i t i o n ,  E i senbud ' s  s t u d i e s  o f  non-occupat ional  cases 

There s t i l l  remained,  however,  t h e  problem of recommendations f o r  

108 c h r o n i c  o c c u p a t i o n a l  exposure  t o  b e r y l l i u m .  E i s e n b u d ' s  comments i n  1 9 6 1  
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are s t i l l  a m r o p r i a L e  i n  1 3 7 2 .  

any s u b s t a n t i a l  body of environmental  i n f o r m a t i o n  t h a t  could be c o r r e l a t e d  

w i t h  c l i n i c a l  r e p o r t s  of  o c c u p a t i o n a l  b e r v l l i o s i s ,  and such d a t a  as do 

e x i s t  are p u z z l i n g .  ' ' 

of a l i m i t  f o r  c h r o n i c  o c c u p a t i o n a l  exnosl l re ,  Eisenbud and Machle a r r i v e d  

a t  a f i g u r e  o f  2 pg/m on t h e  b a s i s  of i n f o r m a t i o n  on animals  and man and 

3y analogy w i t h  i n d u s t r i a l  a i r  l i m i t s  f o r  t o x i c i t y  of heavy metals, s u c h  

as l e a d ,  mercury,  cadmium, and t h a l l i u m .  

"There was n o t  t h e n ,  n o r  is t h e r e  t o d a y ,  

Having no r e a l  e m p i r i c a l  b a s i s  f o r  t h e  e s t a b l i s h m e n t  

3 

A s  a r e s u l t  of t h e  Saranac  Symposium and Eisenbud ' s  recommendations,  

t h e  f o l l o w i n g  l i m i t s  of p e r m i s s i b l e  c o n c e n t r a t i o n s  of b e r y l l i u m  were 

adopted by t h e  Atomic Energy Commission on t h e  recommendation of an ad-hoc 

committee : 

(1) The i n - p l a n t  a tmosphe r i c  c o n c e n t r a t i o n  o f  b e r y l l i u m  should  n o t  

exceed 2 micrograms p e r  c u b i c  meter as an a v e r a g e  f o r  an  8--hour day .  

( 2 )  Even thougb t h e  d a i l y  average  may b e  l ess  t h a n  2 micrograms p e r  

c u b i c  meter. no person  should  b e  exposed t o  c o n c e n t r a t i o n s  g r e a t e r  t h a n  

25 micrograms p e r  c u b i c  meter a t  any t i m e ,  however s h o r t .  

( 3 )  I n  t h e  neighborhood of t h e  AEC p l a n t  h a n d i i n g  b e r y l l i u m  compounds, 

t h e  average  monthly c o n c e n t r a t i o n s  a t  t h e  b r e a t h i n g  zone levels should  

n o t  exceed 0.01 micrograms p e r  c u t i c  meter. 

The AEC D i v i s i o n  of Riologv and ' f e d i c i n e  e s t a b l i s h e d  t h e  c o n t r o l  of 

b e r y l l i u m  hazards,cvld i t  was b i n d i n g  on a l l  AEC i n s t a l l a t i o n s  h a n d l i n g  

b e r y l l i u m .  I n  a d d i t i o n ,  a l l  AEC c o n t r a c t s  i n v o l v i n g  t h e  h a n d l i n g  of 

b e r y l l i u m  c a r r i e d  a h e a l t h  and s a f e t y  c l a u s e  which r e q u i r e d  adhe rance  t o  

t h e s e  r e q u i r e m e n t s .  The f i r s t  two r e n u i r e q e n t s  involved  i n - p l a n t  c o n t r o l s  

v h e i c a s  t h e  l a t t e r  r e p r e s e n t e d  tile coinmunity a i r  l i m i t .  
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I n  195526 t h e  American Conference of Governmental I n d u s t r i a l  H y g i e n i s t s  

(ACGIH) a d o p t e d ,  on a t e n t a t i v e  b a s i s ,  an  8-hour,  da i ly -we igh ted  a v e r a g e  

exposure  l e v e l  of 2 p g  B e / m  . 
i n  1956, a l s o  p u b l i s h e d  a Hyg ien ic  Guidez7 which recommended t h e  AEC v a l u e s .  

3 The American I n d u s t r i a l  Hygiene A s s o c i a t i o n ,  

In 1958 t h e  AEC ad-hoc review committee w a s  d i s s o l v e d  in accordance  w i t h  

i t s  own recommendation t h a t  h e n c e f o r t h  p r o p e r  governmental  and i n d u s t r i a l  

a g e n c i e s  b e  encouraged t o  adopt  maximum a l l o w a b l e  c o n c e n t r a t i o n s  f o r  g e n e r a l  

p u b l i c a t i o n .  

s t a n d a r d s  f o r  b e r y l l i u m  were t h e n  p r e s c r i b e d  by t h e  AEC as a p p l i c a b l e  t o  

t h e i r  a c t i v i t i e s .  The c o n t r a c t  c l a u s e  was s t i l l  m a i n t a i n e d ,  however, t o  

a f f o r d  a means of s t a n d a r d  enforcement  t o  AEC c o n t r a c t o r s .  These same 

s t a n d a r d s  are used today ( 1 9 7 2 )  € o r  AEC i n d u s t r i a l  hygiene c o n t r o l .  

The n a t i o n a l l y  recognized  h e a l t h  and s a f e t y  guides  and 

In 1961,  based  on t h e  F e d e r a l  Walsh-llcaley A c t ,  t h e  A Z C  was r e l i e d  

upon f o r  s u r v e i l l a n c e  of o c c u p a t i o n a l  exposures  t o  b e r y l l i u m  f o r  as l o n g  

as t h e  AEC c o n t r a c t u a l  p r o v i s i o n s  remained in e f f e c t .  By l a t e  1962, t h e  

AEC had t e r m i n a t e d  all b e r y l l i u m  c o n t r a c t s  and r e l i e d  upon a c q u i s i t i o n  of 

t h e i r  b e r y l l i u m  needs through d i r e c t  pu rchase  from t h e  v a r i o u s  commercial 

b e r y l l i u m  producers .  

Other  Bery l l i um S t a n d a r d s  

(1) Fore ign  S t a n d a r d s  

(a )  Exposure l i m i t s  t o  b e r y l l i u m ,  as s p e c i f i e d  by t h e  AEC, 'nave 

been adopted by t h e  West German Cavernment and serve as t h e  b a s i s  f o r  t h e i r  

i n d u s t r i a l  h e a l t h  p r a c t i c e s  f o r  b e r y l l i u m .  114 

(b) The World H e a l t h  O r g a n i z a t i o n ,  i n  1 9 6 9 ,  i s s u e d  a j o i n t  s tate- 

ment w i t h  t h e  I n t e r n a t i o n a l  Labor O r g a n i z a t i o n  on p e r m i s s i b l e  

o c c u p a t i o n a l  exposure  t o  a i r b o r n e  t o x i c  s u b s t a n c e s .  

l e v e l s  of 

The recommended s a f e  
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c o n c e n t r a t i c n  zone115 f o r  b e r y l l i u m  and i t s  compounds i s  0.001 t o  0.002 mg/- . 

( 2 )  Standa rds  f o r  Be ry l l i um RockeL-'lotor Firing 

The N a t i c n a l  Academy of Sc iences  - N a t i o n a l  Researcn Counci l  i n  

196640 developed c r i t e r i a  and s t a n d a r d s  f o r  p r o t e c t i o n  of o f f - s i t e  pe r sonne l  

from i n t e r m i t t e n t  exposures  t o  b e r y l l i u m  compounds a r i s i n g  from t h e  f i r i n g  

of r o c k e t  motors .  These l i m i t s  a r e  as fo l lows:  

(a) For s o l u b l e  b e r y l l i u m  compounds and b e r y l l i u m  o x i d e  

comparable t o  a product  c a l c i n e d  a t  t e m p e r a t u r e s  around 4OO0C, a s t a n d a r d  

of 75 , p g - ~ ~ i n u t e s / r n ~  w i t h i n  tlie l i m i t s  of 10 t o  60 m i n u t e s ,  accumulated 

d u r i n g  any two c o n s e c u t i v e  weeks. 

(b)  For b e r y l l i u m  o x i d e  comparable  t o  a produc t  c a l c i n e d  a t  

3 
t empera tu res  i n  excess  of 1, GOO"C, a s t a n d a r d  of 1 ,590  pg-minutcs/m 

w i t h i n  t h e  l i m i t s  o f  10 t o  G O  minu te s ,  accumulated d u r i n g  any two c o n s e c u t i v e  

weeks. 

The above s t a n d a r d s  need ad jus tment  f o r  t h e  o v e r a l l  c o n c e n t r a t i o n  

of s o l u b l e  b e r y l l i u m  compounds i n  t h e  e f f l u e n t .  

s t a n d a r d s  were e s t a b l i s h e d  i n  1949  o u t  of a c a u t i o n  based upon a l a c k  of 

d e f i n i t e  d a t a  upon t ~ h i c h  t o  e s t a b l i s h  a s t a n d a r d  and were cons ide red  a t  

t h a t  time t o  be  markedly low. Thpre appea r s  t o  be no more s c i e n t i f i c  b a s i s  

f o r  e s t a b l i s h i n g  t h e s e  sho r t - t e rm exposure  l i m i t s  on a microgram-minute 

b a s i s  t h a n  t h e r e  was a v a i l a b l e  t o  deve lop  t h e  o c c u p a t i o n a l  s t a n d a r d .  The 

s t a n d a r d  was based upon n a t i o n a l  i n t e r e s t  as well as p r o t e c t i o n  of the 

worker  and t h e  g e n e r a l  p u b l i c .  P r e s e n t  r e s e a r c h  i n d i c a t e s  a lesser degree  

of t o x i c i t y  t o  h igh - f  i r e d  b e r y l l i u m  o x i d e l l '  t h a n  to t h e  low-f i red  o x i d e s .  

The p r e s e n t  o c c u p a t i o n a l  
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The s t a n d a r d  recommended i n  t h i s  document i s  s imilar  t o  t h a t  adopted 

by t h e  AEC i n  1949 and t h e  p r e s e n t  OSHA env i ronmen ta l  s t a n d a r d .  I t  is 

f e l t  t o  b e  f e a s i b l e  t e c h n o l o g i c a l l y  f o r  t h e  c o n t r o l  of worker exposure  

t o  b e r y l l i u m  and e f f e c t i v e  b i o l o g i c a l l y  f o r  p r o t e c t i o n  of t h e  worker from 

a c u t e  and c h r o n i c  b e r y l l i u m  d i s e a s e .  

The "Sta te  of t h e  A r t "  of d a t a  r e l a t e d  t o  development of b e r y l l i u m  

d i s e a s e  h a s  made  some p r o g r e s s  s i n c e  1 9 4 9 ,  b u t  l i t t l e  can b e  added t o  

e f f e c t i v e l y  r e f i n e  t h e  s t a n d a r d  developed a t  t h a t  t i m e .  C o n s i d e r a t i o n  

w a s  g i v e n  t o  t h e  lower env i ronmen ta l  l e v e l s  s i n c e  1949 i n  AEC c o n t r o l l e d  

p l a n t s  and t h e  c h r o n i c  b e r y l l i u m  d i s e a s e  i n  workers  exposed s i n c e  t h a t  

t i m e ;  however, d a t a  t h a t  would g i v e  a d i r e c t  dose-response r e l a t i o n s h i p  

a r e  n o t  a v a i l a b l e  i n  t h a t  group of workers .  

The f i n d i n g  i n  an imals  t h a t  some b e r y l l i u m  compounds a r e  c a r c i n o g e n i c  

w a s  a l s o  c o n s i d e r e d ;  however, t h e  c a u t i o n s  approach t h a t  must b e  taken  

i n  d a t a  i n t e r p r e t a t i o n  between humans and e x p e r i m e n t a l  an imals  i s  suppor ted  

by t h e  ev idence  as r e p o r t e d  by B a y l i s s .  H i s  f i n d i n g  of no s i g n i f i c a n t  

d e p a r t u r e  from expec ted  causes  of  d e a t h  from r e s p i r a t o r y  t r a c t  c a n c e r s  i n  

a lmost  4000 workers  shows no ev idence  of an a s s o c i a t i o n  between b e r y l l i u m  

exposure and lung cancer  i n d u c t i o n  i n  man. 

U n t i l  more complete  knowledge can b e  o b t a i n e d  through comprehensive 

long-term c o n t r o l l e d  s t u d i e s  r e l a t i n g  c o n t a c t  w i t h  b e r y l l i u m  t o  t h e  

i n c i d e n c e  of d i s e a s e  i n  man, e x p e r i e n c e  w i t h  p r e s e n t  exposure  l i m i t s  

f o r  b e r y l l i u m  must p r o v i d e  t h e  b a s i s  f o r  e s t a b l i s h m e n t  of t h e  s t a n d a r d  

recommended i n  t h i s  r e p o r t .  
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V I I .  CO-? lPATIBILITY WITh Efi!ISSIOi.I ST!&DAP!S  

The proposed n a t i o n a l  emis s ion  s t a n d a r d  f o r  b e r y l l i u m  was p u b l i s h e d  i n  

trie F e d e r a l  R e g i s t e r  on 3ecember 7 ,  1 9 7 1 ,  Vol.  3 6 ,  N O .  2 3 4 ,  pages 2 3 2 4 3 4 3 2 4 5  

(40 CFR 61.30-61.Afj) by the Environmental  P r o t e c t i o n  Agency. T h e  emis s ion  

s t a n d a r d  w i l l  b e  a p p l i c a b l e  t o  machine s h o p s ,  ceramic p l a n t s ,  p r o p e l l a n t  

p l a n t s ,  f o u n d r i e s ,  e x t r a c t i o n  p l a n t s ,  and i n c i n e r a t o r s  des igned  o r  modif ied 

f o r  d i s p o s a l  of t o x i c  s u b s t a n c e s .  

The s t a n d a r d s  are  based upon i n f o r m a t i o n  d e r i v e d  from many s o u r c e s ,  

i n c l u d i n g  h e a l t h  e f f e c t  l e v e l s ,  meteorology,  t e c i i n i c a l  a n a l y s i s  of c o n t r o l  

c a p a b i l i t y ,  and c o n s i d e r a t i o n  of economic impact . The o v e r r i d i n g  c o n s i d c r -  

a t i o n s  are h e a l t h  e f f e c t s .  These b e r y l l i u m  s t a n d a r d s  are l i m i t e d ,  i n  

g e n e r a l  , t o  emis s ions  t o  t h e  ambient a tmosd ie re .  

The g u i d e l i n e  used i n  t h e  development of t h e  s t a n d a r d s  is based on a 

maximum a l l o w a b l e  c o n c e n t r a t i o n  of b e r y l l i u m  f o r  ambient a i r  tiiat nas been 

i n  u s e  by t n e  Department of Defeiise and t h e  Atomic Energy Commission f o r  

many y e a r s .  T h e  proposed s t a n d a r d s  o f f e r  tile owner o r  o p e r a t o r  t l le o p t i o n  

of  d e t e r m i n i n g  compliance e i t n e r  by emiss ion  Kestiiig o r  by measurement of 

ambient  c o n c e n t r a t i o n  l e v e l s  i n  tile v i c i n i t y  of tile p l a n t .  In a d d i t i o n ,  

s e p a r a t e  emis s ion  s t a n d a r d s  f o r  b e r y l l i u m - r o c k e t  motor f i r i n g  a re  proposed.  

(a) National Emission S t a n d a r d s  fo r  Bery l l i um 

(1) T o t a l  emis s ions  t o  tile a tmosphere shal l  n o t  exceed 10  grams 

of b e r y l l i u m  i n  a 24-aour day. 

( 2 )  T o t a l  emis s ions  t o  t h e  atmosphere s h a l l  n o t  exceed amounts 

which r e s u l t  in an o u t - p l a n t  c o n c e n t r a t i o n  of 0 .01 micrograms of b e r y l l i u m  

p e r  c u b i c  meter of a i r  averaged o v e r  a 30-day p e r i o d .  
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(b) National Emission Standards for Beryllium-Rocket Motor Firing 

(1) Emissions to the atmosphere shall not cause atmospheric 

concentrations of beryllium to exceed 75 microgram-minutes per cubic 

meter of air within 10 to 60 minutes, accumulated during any two 

consecutive weeks measured anywhere beyond the property line of such 

source or at the nearest place of human habitation. 

(2) If combustion products of motors containing beryllium 

propellant are fired into a closed tank, emissions from such tanks shall 

not exceed 2 grams per hour at a maxhum of 10 grams per day. 

These environmental standards are based either directly or indirectly 

upon the original A E C  occupational and non-occupational exposure limits, 

which also provide the foundation for the standards proposed in this 

document. The occupational and non-occupational levels differ in that 

exposure to the general public is on a 24-hour day, 7-days-a-week basis 

whereas the occupational standards are based on an 8-hour day, 40-hour 

work week. 

(c) Compatibility with Emission Standards 

The assumptions made in 1966 by the Committee on Toxicology and the 

Advisory Center on Toxicology40 in relating occupational to community 

exposure to beryllium materials support the compatibility of the proposed 

occupational standard with the National air pollution emission standard. 

The comparisons are based upon an empirical approach and no data are avail- 

able to support the assumptions. 
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I X .  APPENDIX I 

SAMPLING PRACTICES FOR BERYLLIUM 

Air Sampling 

The measurement of g e n e r a l  air c o n c e n t r a t i o n s  s h a l l  b e  inc luded  w i t h  

worker b r e a t h i n g  zone samplings and s h a l l  meet t h e  f o l l o w i n g  c r i te r ia  i n  

o r d e r  t o  e v a l u a t e  conformance w i t h  t h e  s t a n d a r d :  

( a )  Samples c o l l e c t e d  s h a l l  measure a c c u r a t e l y  t h e  i n d i v i d u a l  worker ' s  

exposure .  

(b) Samples s h a l l  i n c l u d e  a l l  b e r y l l i u m  p a r t i c l e s ,  b o t h  r e s p i r a b l e  

and n o n - r e s p i r a b l e ,  i n  t h e  volume of air sampled. The s t a n d a r d  i s  based 

upon t o t a l  b e r y l l i u m  c o n t e n t ,  and i t  is i n a p p r o p r i a t e  t o  sample on ly  

r e s p i r a b l e  d u s t .  

tQ t h e  p r e s e n t  recommended s t a n d a r d  of 2 ug B e / m  p o t e n t i a l l y  eases t h e  

s t a n d a r d  as much as f i v e  t o  t e n  t i m e s  depending on t h e  p e r c e n t a g e  o f  

r e s p i r a b l e  d u s t  p r e s e n t  i n  any g i v e n  a i r  sample d e t e r m i n a t i o n .  

Sampling procedures  s h a l l  i n c l u d e  a l o g  of: 

(1)  The t i m e  of sample c o l l e c t i o n ,  (2)  sampling d u r a t i o n ,  

The a t t empt  t o  apply t h e  r e s u l t s  of r e s p i r a b l e  sampling 

3 

(c) 

( 3 )  volume rate of t h e  sampler ,  and ( 4 )  a d e s c r i p t i o n  of t h e  sampling 

l o c a t i o n  and p e r t i n e n t  c i r cums tances .  

(d) General a i r  and brea th ing-zone  samples  s h a l l  be  c o l l e c t e d  w i t h  

3 samplers  having a n  air c a p a c i t y  n o t  less t h a n  0.05 m p e r  minute  and equipped 

w i t h  Whatman No. 41  f i l t e r s  o r  e q u i v a l e n t .  

General Room-Air Sampling 

( a )  A minimum of 3 g e n e r a l  a i r  measurements s h a l l  b e  made i n  each 

l o c a t i o n  d u r i n g  a work pe r iod  and averaged.  

(b) Genera l  a i r  sampling p e r i o d s  s h a l l  b e  from a minimum of 30 minutes  
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t o  no more t h a n  two hour s .  

(c )  Non-working areas ( e a t i n g ,  smoking, l o c k e r ,  e t c . )  s h a l l  b e  

sampled d u r i n g  p e r i o d s  of r e p r e s e n t a t i v e  a c t i v i t y .  

B r e a t h i n g  Zone Samplinx 

( a )  Breathing-zone samples s h a l l  b e  c o l l e c t e d  as n e a r  as p r a c t i c a b l e  

t o  t h e  w o r k e r ' s  f a c e  w i t h o u t  i n t e r f e r i n g  w i t n  h i s  freedom of movement and 

s h a l l  c h a r a c t e r i z e  t h e  exposure f r o m  each j o b  o r  s p e c i f i c  o p e r a t i o n  i n  each  

p r o d u c t i o n  area.  

(b) A minimum of t h r e e  b rea th ing -zone  samples  s h a l l  b e  t a k e n  f o r  

each  o p e r a t i o n  ( f o u r  o r  f i v e  samples are recommended) and averaged on a 

time-weighted b a s i s .  

( c )  Breathing-zone sampling p e r i o d s  s h a l l  be  f o r  a minimum of 3 minu tes .  

E v a l u a t i o n  of E x p o s u s  

( a )  On t h e  b a s i s  of r e s u l t s  from t h e  env i ronmen ta l  samples  

a time-weighted ave rage  c o n c e n t r a t i o n  s h a l l  b e  completed f o r  each  work area 

and p r o p e r l y  logged and ma in ta ined  on f i l e  f o r  review.  

format  as p r e s e n t e d  by B r e s l i n  is shown i n  F i g u r e  1. 

A j o b  a n a l y s i s  

7 

(b )  Exposure e v a l u a t i o n s  s h a l l  be  performed a t  least q u a r t e r l y  f o r  

each work area where p o t e n t i a l  exposure t o  b e r y l l i u m  could occur .  

C a l i b r a t i o n  of Sampling Equipment 

A i r  s ample r s  s h a l l  b e  c a l i b r a t e d  p r i o r  t o  each  u s e  by a t y p i c a l  system 

as shown i n  F igu re  2 .  A c a l i b r a t i o n  cu rve  is e s t a b l i s h e d  by o b t a i n i n g  a t  

least t e n  even ly  spaced f low rates ove r  t h e  e n t i r e  o p e r a t i n g  r ange  o f  t h e  

air sampler .  The motor speeds  of t h e  a i r  blower and a i r  sample r  should b e  

v a r i e d  c o n c u r r e n t l y  t o  set  t h e  r o t a m e t e r  a t  a g iven  a i r - f l o w  rate w h i l e  

m a i n t a i n i n g  a tmosphe r i c  c o n d i t i o n s  a t  t h e  ups t r eam f a c e  of t h e  f i l t e r .  For 
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each r o t a m e t e r  a i r  flow rate,  e i t h e r  t h e  co r re spond ing  a i r - f l o w  r a t e  on t h e  

sample r  o r  t h e  s t a t i c  p res su re -d rop  a c r o s s  t h e  f i l t e r  i s  used .  

ments are r e p e a t e d  f o r  each f i l t e r  a t  t h e  same a i r - f l o w  rates and a t  least  

t e n  f i l t e r s  s h a l l  be t e s t e d  t o  e s t a b l i s h  each i n i t i a l  c a l i b r a t i o n  cu rve .  

For  f u t u r e  c a l i b r a t i o n  checks ,  fewer f i l t e r s  may be t e s t e d  as long as they  

are w i t n i n  t h e  liinits of  t h e  t e n  i n i t i a l  f i l t e r s .  

Tne measure- 
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X. APPE1;3IX I1 

AiJALYTICAL iETHOD FOR BERYLLIUM 

A T O l f I C  ABSORPTION YE'I'HOD 

L'se of an a tomic  a b s o r p t i o n  spec t ropho tomete r  p rov ides  perhaps  t h e  

3 o s t  e c o n o o i c a l  method f o r  t h e  a n a l y s i s  of be ry l l i um.  Th i s  method is  

r e c o m e n d e d  by N I O S H  f o r  purposes  of de t e rmin ing  compliance w i t h  the 

r e c o c e n d e d  b e r y l l i u m  s t a n d a r d .  Other  methods of a n a l y s i s  f o r  b e r y l l i u m  

c a y  be  used  p r o v i d e d  t h e i r  accu racy  and s e n s i t i v i t y  are de termined  t o  

j e  e q u i v a l e n t  to t h e  method p r e s e n t e d  i ie re in .  

p r i n c i p l e  o f  t h e  Method 

T n e  l i q u i d  s a m p l e  c o n t a i n i n g  t h e  b e r y l l i u m  is a s p i r a t e d  i n t o  t h e  

flame of the burner -assembly  and t h e  vapor i zed  sample i s  i r r a d i a t e d  by 

a l a m ?  c o n t a i n i n g  a ca thode  made of b e r y l l i u m  metal. The g round-s t a t e  

atoms of b e r y l l i u m  i n  t h e  s a m p l e  absorb  t h e  2348 .6A  r e sonance  l i n e  of 

b e r y l l i u m  e m i t t e d  by t h i s  lamp, t he reby  e f f e c t i n g  a d e c r e a s e  i n  the 

i n t e n s i t y  of  l i g h t  r e a c h i n g  a p h o t o d e t e c t o r .  The p e r c e n t  of t h e  ab- 

s o r p t i o n  s o  i n d i c a t e d  is a measure of t h e  c o n c e n t r a t i o n  of b e r y l l i u m  i n  

t h e  s a m p l e .  

m n g e  and S e n s i t i v i t y  

For aqueous  s o l u t i o n s ,  t h e  working r ange  f o r  b e r y l l i u m  is  l i n e a r  

f rom c o n c e n t r a t i o n s  o f  0.03 pg/ml t o  approximate ly  4 pg /ml .  '17 The 

s e n s i t i v i t y  u n d e r  t h e  s t a n d a r d  o p e r a t i n g  c o n d i t i o n s  i s  abou t  0.03 pg/ml 

b e r y l l i u m  f o r  1 p e r c e n t  absorp t ion . ' l7  T h i s  s e n s i t i v i t y  can b e  i n c r e a s e d  

w i t h  c h e m i c a l  c o n c e n t r a t i o n  by s o l v e n t  e x t r a c t i o n .  
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I n t e r f  erencez 

Hign c o n c e n t r a t i o n s  of aluminum (500 t g / m l )  d e p r e s s  t h e  s e n s i t i v i t y  

of  t h e  b e r y l l i u m  de te rmina t ion .  High c o n c e n t r a t i o n s  o f  s i l i c o n  and 

magnesium a l s o  d e c r e a s e  t h e  s e n s i t i v i t y .  

t r o l l e d  by adding  ox ine  (8-hydroxy-quinol ine)  t o  t h e  sample and s t a n d a r d s .  

The i n t e r f e r e n c e  can  be  con- 

1 1 7  

P r e c i s i o n  and Accuracy 

The s t a n d a r d  procedure  f o r  b e r y l l i u m  w i l l  p rov ide  a c o e f f i c i e n t  of 

v a r i a t i o n  of about  0 .5  t o  2 p e r c e n t  depending upon t h e  in s t rumen t  used 

1 1 7  and t h e  absorbance  of t h e  samples .  

Apparatus  

(a )  Atomic a b s o r p t i o n  spec t ropho tomete r ,  having  a monochrometer 

w i t h  a r e c i p r o c a l  l i n e a r  d i s p e r s i o n  i n  t h e  u l t r a v i o l e t  r e g i o n  of about  

6 .5  A / m .  The in s t rumen t  sLiould have a s e n s i t i v i t y  s u f f i c i e n t  t o  p rov ide  

a c a l i b r a t i o n  curve  u s a b l e  from 0.2 t o  8 ppm w i t h  t h e  2348 .6A b e r y l l i u m  

l i n e .  

(b) Bery l l ium hol low ca thode  lamp of h igh  s p e c t r a l  p u r i t y  and adequate  

s e n s i t i v i t y  . 
( c )  Acety lene  gas  i n  a c y l i n d e r  equipped wi th  a two-gauge, two-stage 

p res su re - r educ ing  r e g u l a t o r  and hose connec t ions .  

(d) N i t r o u s  ox ide  i n  a c y l i n d e r  equipped with a two-gauge, two-stage 

p res su re - r educ ing  r e g u l a t o r  and hose connec t ions .  Heat - tape ,  with t h e  

t empera tu re  c o n t r o l l e d  by a r h e o s t a t , i s  wound around t h e  second s t a g e  

r e g u l a t o r  and connec t ing  nose t o  p reven t  f reeze-up  of t h e  l i n e .  



Reagents 

A 1 1  r e a g e n t s  a re  a n a l y t i c a l  reagent-grade.  

a c i d s  a r e  r e d i s t i l l e d .  A l l  s o l u t i o n s  are p r e p a r e d  from d e i o n i z e d  water .  

( a )  S tock  b e r y l l i u m  s o l u t i o n .  A s o l u t i o n  c o n t a i n i n g  1000 pg of  

N i t r i c  and h y d r o c h l o r i c  

b e r y l l i u m  p e r  m i l l i l i t e r  is p repa red  by d i s s o l v i n g  1.000 gm of b e r y l l i u m  

metal i n  a minimum volume of 1:l HC1. D i l u t e  t o  1 l i t e r  w i t h  1% ( V / V >  

HC1.  

(b )  Be ry l l i um s t a n d a r d  s o l u t i o n .  P repa red  by making a p p r o p r i a t e  

d i l u t i o n s  from t h e  s t o c k  b e r y l l i u m  s o l u t i o n  and a c i d i f y i n g  w i t h  1 m l  

of r e d i s t i l l e d  H C 1  f o r  each  10 m l  o f  s . o lu t ion .  

s o l u t i o n  i s  s t a b l e  f o r  a t  l ea s t  s e v e r a l  months. 

Thus p r e p a r e d ,  a s t a n d a r d  

P rocedure  

B o r o s i l . i c a t e  g l a s s w a r e  i s  recommended f o r  t h i s  method. Glassware i s  

soaked i n  a m i l d  d e t e r g e n t  s o l u t i o n  immediately a f t e r  u s e  t o  remove 

any r e s i d u a l  g r e a s e  o r  chemicals  and t h u s  t o  p r e v e n t  t h e  f o r m a t i o n  of  an 

a d s o r p t i v e  s u r f a c e .  Before u s e ,  each p i e c e  i s  c l e a n e d  w i t h  a s a t u r a t e d  

s o l u t i o n  of sodium d ich romate  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  and t h e n  

r i n s e d  tho rough ly  i n  s u c c e s s i o n  w i t h  warm t a p  water, c o n c e n t r a t e d  n i t r i c  

a c i d ,  t a p  water ,  and f i n a l l y  d e i o n i z e d  water. 

( a )  Sample P r e p a r a t i o n  

A i r  Samples--The e n t i r e  f i l t e r  o r  impinger  sample i s  t r a n s f e r r e d  

t o  a 125 m l  P h i l l i p s  b e a k e r  and ashed w i t h  n i t r i c  a c i d .  

f i l t e r  w a s  u sed  f o r  s ampl ing ,  i t  is n e c e s s a r y  t o  f i r s t  d e s t r o y  t h e  f i l t e r  

w i t h  h y d r o f l u o r i c  a c i d  i n  a p l a t inum o r  t e f l o n  d i s h  p r i o r  t o  a s h i n g  w i t h  

n i t r i c  a c i d  i n  t h e  P h i l l i p s  b e a k e r .  When a s h i n g  i s  complete ,  c o n v e r t  

I f  a f i b e r g l a s s  
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t h e  r e s i d u e  t o  t h e  c h l o  i d e  form. The r e s i d u e  i s  t h e n  d i s s o l v e d  i n  a 

minimal amount of  h y d r o c h l o r i c  a c i d  and water and evapora t ed  i n  an  oven 

t o  a volume of 2.0 m l  o r  more depending on t h e  amount of b e r y l l i u m  expec ted  

i n  t h e  sample. 

(b) De te rmina t ion  of Bery l l i um 

The H C 1  s o l u t i o n  of t h e  ashed o r  f u s e d  sample i s  a s p i r a t e d  

d i r e c t l y  i n t o  t h e  n i t r o u s  o x i d e - a c e t y l e n e  f lame.  A s p e c i a l  n i t r o u s  

ox ide -ace ty l ene  b u r n e r  head must b e  used. The 2348.6A r e sonance  l i n e  of 

b e r y l l i u m  is used.  

of i n s t r u m e n t  b e i n g  employed. 

i n s t r u c t i o n s  f o r  t h e  p a r t i c u l a r  i n s t r u m e n t  s e t t i n g s  and p rocedure  for 

l i g h t i n g  t h e  n i t r o u s  o x i d e - a c e t y l e n e  f lame.  A r e d u c i n g ,  f u e l - r i c h  f lame,  

i s  needed f o r  t h e  d e s i r e d  s e n s i t i v i t y  i n  t h e  b e r y l l i u m  a n a l y s i s .  

'The o p e r a t i n g  parameters  v a r y  a c c o r d i n g  t o  t h e  make 

Consul t  t h e  i n s t r u m e n t  m a n u f a c t u r e r ' s  

I f  t h e  b e r y l l i u m  c o n c e n t r a t i o n  f a l l s  between 0.2 and B.O,pg/ml, t h e  

p e r c e n t  of a b s o r p t i o n  v a l u e s  of t h e  s a m p l e s  are r e c o r d e d  on t h e  1 X  s c a l e  

o r  t h e  absorbance o r  c o n c e n t r a t i o n  v a l u e s  a r e  r e a d  d i r e c t l y  i f  t h e s e  

f e a t u r e s  a r e  a v a i l a b l e  on t h e  i n s t r u m e n t  b e i n g  employed. If t h e  b e r y l l i u m  

c o n c e n t r a t i o n  i s  between 0 and 0.2,pg/ml,  sca le  expans ion  can b e  used ,  

i f  a v a i l a b l e ;  however, l o n g e r  a s p i r a t i o n  t i m e  is  needed when u s i n g  

scale expansion s i n c e  h i g h e r  n o i s e  s u p p r e s s i o n  i s  r e q u i r e d .  The p e r c e n t  

of a b s o r p t i o n  o f  each sample r u n  on t h e  1X sca le  is de te rmined  f rom t h e  

r e c o r d e r  c h a r t  and t h i s  v a l u e  i s  c o n v e r t e d  to absorbance .  The concen- 

t r a t i o n  of b e r y l l i u m  i n  each sample i s  de te rmined  by r e f e r r i n g  t o  t h e  

s t a n d a r d  curve where b e r y l l i u m  c o n c e n t r a t i o n  i s  p l o t t e d  v e r s u s  absorbance .  

If t h e  s a m p l e s  were recorded  on an  expanded sca le ,  t h e  p e r c e n t  of a b s o r p t i o n  
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v a l u e  is  r e l a t e d  d i r e c t l y  t o  con e t rat  i on i n  t h e  s t a n d a r d  c u r v e  i s  

p l o t t e d  s i m i l a r l y .  I f  abso rbance  v a l u e s  are r e a d  d i r e c t l y  from t h e  

i n s t r u m e n t ,  a s t a n d a r d  c u r v e  is  prepared  p l o t t i n g  t h e  abso rbance  v e r s u s  

c o n c e n t r a t i o n .  

S t a n d a r d i z a t i o n  

Bery l l i um s t a n d a r d s  are prepared  by a p p r o p r i a t e  d i l u t i o n s  of t h e  s t o c k  

s o l u t i o n .  Each s t a n d a r d  s o l u t i o n  c o n t a i n s  1 m l  of 1:l r e d i s t i l l e d  

H C 1  p e r  10 m l  of  s o l u t i o n .  The s t a n d a r d s  are a s p i r a t e d  i n t o  t h e  f lame 

and t h e  p e r c e n t  of a b s o r p t i o n  i s  recorded  o r  t h e  abso rbance  i s  r e a d  f o r  

each  c o n c e n t r a t i o n .  A s t a n d a r d  c u r v e  i s  p r e p a r e d  f o r  t h e  two c o n c e n t r a t i o n s ;  

r a n g e s  of 0 t o  8 , p g l m l  and 0 t o  0 . 5 ~ g / m l .  

aluminum, s i l i c o n , o r  magnesium a r e  p r e s e n t  i n  t h e  samples ,  t h e  s t a n d a r d s  

should  b e  prepared  i n  a s i m i l a r  base .  

I f  h i g h  c o n c e n t r a t i o n s  of 

C a l c u l a t i o n s  

The p e r c e n t  of a b s o r p t i o n  i s  conver ted  t o  absorbance .  The s t a n d a r d  

c u r v e  is used to g e t  a b e r y l l i u m  c o n c e n t r a t i o n  v a l u e  i n  t e r m s  o f / y g / m l  

€ o r  t h e  absorbance v a l u e .  

sample a l i q u o t  t o  de t e rmine  t h e  t o t a l  b e r y l l i u m  i n  t h e  sample.  

T h i s  y g  B e / m l  v a l u e  i s  m u l t i p l i e d  by t h e  

C a l c u l a t i o n  of Be ry l l i um C o n c e n t r a t i o n  

=ample e: pug B e / m 3  of ambient  a i r  

E f f e c t  of S t o r a g e  

Samples and s t a n d a r d s  can b e  s t o r e d  i n d e f i n i t e l y  w i t h o u t  loss  of  b e r y l l i u m  

as l o n g  as t h e  pH of  s o l u t i o n s  i s  m a i n t a i n e d  a t  less t h a n  2. 
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X I .  APPENDIX I11 

U T E R I A L  SAFETY DATA SHEET 

The fo l lowing  i t e m s  .of i n f o r m a t i o n  which a r e  a p p l i c a b l e  t o  a s p e c i f i c  

p r o d u c t  o r  material co i i t a in ing  b e r y l l i u m  s h a l l  b e  provided  i n  t h e  a p p r o p r i a t e  

s e c t i o n  of t h e  M a t e r i a l  S a f e t y  Data Shee t  o r  approved form. I f  a s p e c i f i c  

i t e m  of i n f o r m a t i o n  is  i n a p p l i c a b l e  ( i . e . ,  f l a s h  p o i n t )  i n i t i a l s  “n.a .“  

f o r  n o t  a p p l i c a b l e  s h a l l  be  i n s e r t e d .  

( a )  The p roduc t  d e s i g n a t i o n  i n  t h e  upper  l e f t  hand c o r n e r  of b o t h  

f r o n t  and back t o  f a c i l i t a t e  f i l i n g  and r e t r i e v a l .  P r i n t  i n  upper  case 

l e t t e r s  i n  as l a r g e  p r i n t  a s  p o s s i b l e .  

(b) S e c t i o n  I. Source and Nomenclature.  

(i) The name, a d d r e s s ,  and t e l ephone  number of t h e  manufac turer  

o r  s u p p l i e r  of t h e  p roduc t .  

( i i )  The t r a d e  name and synonyms f o r  a mix tu re  of  chemica l s ,  a 

b a s i c  s t r u c t u r a l  m a t e r i a l ,  o r  f o r  a p r o c e s s  m a t e r i a l ;  and t h e  t r a d e  name 

and synonyms, chemica l  name and synonyms, chemica l  f a m i l y ,  and formula  

f o r  a s i n g l e  chemical .  

( c )  S e c t i o n  11. Hazardous I n g r e d i e n t s  

( i )  Chemical o r  w ide ly  r ecogn ized  common name of  a l l  hazardous  

i n g r e d i e r t s .  

( i i )  The approximate  pe rcen tage  by weight  o r  volume ( i n d i c a t e  

b a s i s )  which each hazardous  i n g r e d i e n t  of t h e  m i x t u r e  b e a r s  t o  t h e  whole 

mix tu re .  This  may b e  i n d i c a t e d  as a range  of maximum amount; i . e . ,  10-20% 

v;  10% max. w. 

( i i i )  Basis f o r  t o x i c i t y  € o r  each hazardous  mater ia l  such as 

e s t a b l i s h e d  OSHA s t a n d a r d  (TLV), i n  a p p r o p r i a t e  u n i t s  a n d / o r  LD50, showing 



amount and mode of exposure  and spec ies ,  o r  LC50 showing c o n c e n t r a t i o n  

and s p e c i e s .  

(d)  S e c t i o n  111. P h y s i c a l  Data .  

P h y s i c a l  p r o p e r t i e s  of t h e  t o t a l  p roduc t  i n c l u d i n g  b o i l i n g  

p o i n t  and m e l t i n g  p o i n t  i n  d e g r e e s  F a h r e n h e i t ;  vapor  p r e s s u r e ,  i n  m i l l i -  

meters of mercury,  vapor  d e n s i t y  of gas  o r  vapor  ( a i r = l ) ,  s o l u b i l i t y  i n  

w a t e r ,  i n  p a r t s  p e r  hundred p a r t s  of water by weight ;  s p e c i f i c  g r a v i t y  

( w a t e r = l ) ;  p e r c e n t  v o l a t i l e ,  i n d i c a t e  i f  by weight  o r  volume, a t  70 degrees  

F a h r e n h e i t ;  e v a p o r a t i o n  rate f o r  l i q u i d s  ( i n d i c a t e  whether  b u t y l  acetate 

o r  e t h e r = l ) ;  and appearance  and odor .  

( e )  S e c t i o n  I V .  F i r e  and Exp los ion  Hazard Data .  

F i r e  and e x p l o s i o n  haza rd  d a t a  about  a s i n g l e  chemica l  o r  a 

mix tu re  of chemica l s ,  i n c l u d i n g  f l a s h  p o i n t ,  i n  deg rees  F a h r e n h e i t ;  

f lammable l i m i t s ,  i n  p e r c e n t  by volume i n  a i r ;  s u i t a b l e  e x t i n g u i s h i n g  

media o r  a g e n t s ;  s p e c i a l  f i r e  f i g h t i n g  p rocedures ;  and unusua l  f i r e  and 

e x p l o s i o n  haza rd  in fo rma t ion .  

( f )  S e c t i o n  V .  Hea l th  Hazard Data .  

Toxic  l eve l  f o r  t o t a l  compound o r  mix tu re ,  r e l e v a n t  symptoms 

of  exposure ,  s k i n  and eye  i r r i t a t i o n  p r o p e r t i e s ,  p r i n c i p a l  r o u t e s  of 

a b s o r p t i o n ,  e f f e c t s  of c h r o n i c  ( long-term) exposure ,  and emergency and 

f i r s t  a i d  p rocedures .  

(8)  S e c t i o n  V I .  R e a c t i v i t y  Data. 

Chemical s t a b  ili t y  , i n c o m p a t i b i l i t y  , hazardous  decomposi t ion  

p r o d u c t s ,  and hazardous  p o l y m e r i z a t i o n .  

(h)  S e c t i o n  VII. S p i l l  or Lead Procedures .  

D e t a i l e d  p rocedures  t o  b e  fo l lowed  w i t h  emphasis  on p r e c a u t i o n s  
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ons 

t o  b e  t a k e n  i n  c l e a n i n g  up and s a f e  d i s p o s a l  of  materials l e a k e d  o r  

s p i l l e d .  This  i n c l u d e s  p r o p e r  l a b e l i n g  and d i s p o s a l  of c o n t a i n e r s  con- 

t a i n i n g  r e s i d u e s ,  contaminated a b s o r b a n t s ,  e t c .  

( i )  S e c t i o n  V I I I .  S p e c i a l  P r o t e c t i o n  I n f o r m a t i o n .  

Requirements f o r  personal .  p r o t e c t i v e  equipment,  such  as r e s p i r a t o r s ,  

e y e  p r o t e c t i o n  and p r o t e c t i v e  c l o t h i n g ,  and v e n t i l a t i o n  such  as l o c a l  

e x h a u s t  ( a t  s i t e  of product  u s e  o r  a p p l i c a t i o n ) ,  g e n e r a l ,  o r  o t h e r  s p e c i a l  

t y p e s .  

( j )  S e c t i o n  Ix. S p e c i a l  P r e c a u t i o n s .  

Any o t h e r  g e n e r a l  p r e c a u t i o n a r y  i n f o r m a t i o n  such as p e r s o n a l  

p r o t e c t i v e  equipment f o r  exposure  t o  t h e  thermal  decomposi t ion p r o d u c t s  

l i s t e d  i n  S e c t i o n  V I ,  and t o  p a r t i c u l a t e s  formed by a b r a d i n g  a dry  

c o a t i n g ,  such  as by a power s a n d i n g  d i s c .  

(k) The s i g n a t u r e  of t h e  r e s p o n s i b l e  person  f i l l i n g  o u t  t h e  d a t a  

s h e e t ,  h i s  a d d r e s s ,  and t h e  d a t e  on which i t  i s  f i l l e d  o u t .  
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PRODUCT DESIGNATION MTERIAL S.Wl3-Y 
DATA SHEET 

Form Approved 
Budget Bureau No. 
Approval Expires 
Form No. OSHA 

r -I 

EMERGENCY TELEPHOIE NO. 
SECTION I SOURCE AND NOMENCLATURE 

MANUFACTURER’S NAME 

CHEMICAL FAMILY 

ADDRESS (Number, Street, City, State, ZIP Code) 

TRADE NAME AND SYNONYMS 

CHEMICAL NAME AND SYNONYMS FORMULA 

7 ___I_--_ _ _  _I____ __ 
S E C T l O i i  IV FIRE AND CXPLOSION HAZARD DATA 



/- - 1  

/--- 

I - 
SECTION V HEALTH HAZARD DATA 

P R I N C I P L E  ROUTES S K I N  AND E Y E  
O F  ABSORBTION I R R I T A T I O N  

KELEVANT SYMPTOMS 
OF EXPOSURE 

.---.- 

- 
E F F E C T S  OF 
CHRONIC EXPOSURE - 
EMERGENCY AND 
FIRST A I D  
PROCEDURES - _ _  - 

-7 ___. 

SECTION VI REACTIVITY DATA - 
C O N D I T I O N S  CONTRIBUTING 
TO I N S T A B I L I T Y  

- 
C O N D I T I O N S  CONTRIBUTING 
TO HAZARDOUS POLYM3RIZATION 

JIVCOMPATABI LlTY 
(Materials t o  Avoid) 

€UZARDOUS D E C O N P O S I T I O N  
PRODUCTS 

__ __ ~ ________ __ 

___-- __ ____ ____ I 
SECTION 1'11 SFILL OR LEAK Pr:OC113UKES 

---__---___c__ ---___ - _ -  
STEPS TO RE TAKEN IN 
CASE MATEl'IIAL I S  
RELEASED OH S P I L L E D  

TJASTE D I S P O S A L  
XETHOD 

- _ _ _ ~  __ ___ ~- - _..______ 

SECTION VI11 SPECIAL P R O T E C T I O N  INFORHATION 
_ _ _ _ _  ~~ __ 

P R O T E C T I V E  E Q U I P I C Z I T  (Specify T y p e s )  7 E Y E  
V E N T I L A T I O N  REQU1REME:NTS 
LOCAL EXHAUST 

-..-+GLoms --- 1 MECHANICAL (General)  

S P E C I A L  

OTHER P R O T E C T I V T  
EQUIPMGNT 

R E S P I R A T O R  
- .- ~- 

- - 
SECTION IX SPECIAL PRECAUTIONS 

PRECAUTIONS TO BE 
TAKEN I N  KANDLING 
AND STORAGE 

OTHER PRECAUTIONS 

Signature 

D a t e  

___- _.__ 
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TABLE I* 
PHYSICAL PROPERTIES OF BERYLLIUM 

P r o p e r t y  Value 

Atomic number 
Atomic we igh t ,  chemical  
E l e c t r o n  c o n f i g u r a t i o n  
Thermal conduc i v i t y ,  

D e n s i t y ,  gm/cm3 
Mel t ing  p o i n t  
B o i l i n g  p o i n t  
E l e c t r i c a l  R e s  i s t i v  i t y , yo hm- cm 
O p t i c a l  p r o p e r t i e s  

c a I / ( s e c )  (cm fi ) ("C/cm) 

Sound conductance,  m/sec 
f t / s e c  

4 
9.013 
ls2 2 2  

0-100°C 0.349 
25°C 1.8477 + 0.0007 

12  83 " C ,-2 3 4 1 F 
2970°C 
4 . 3 1  
S t e e l - g r a y  c o l o r ,  

12 ,600  
41,300 

r e f l e c t i v i t y  50-55% 

*See r e f e r e n c e  No. 1 
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TABLE II* 

INDUSTRIAL USES OF BERYLLIUN PRODUCTS 

Nuclear  A p p l i c a t i o n s  

? lode ra to r  r e f l e c t o r s  

Weapons p roduc t ion  

Guided Xss i les  and Space Veh ic l e s  

I n e r t i a l  gu idance  

Radome and microwave windows 

Fue 1s 

E l e c t r i c a l  Measuring I n s t r u m e n t s  

A l l o y  s p r i n g s ,  c o n n e c t o r s ,  c o n t a c t s  

S w i t  chgear  

A l l o y  e l e c t r i c a l  s w i t c h e s  

Household a p p l i a n c e s  

Welding Apparatus  

Alloy e l e c t r o d e s  

R e s i s t a n c e  weld ing  equipment 

E l e c t r o n i c  Computer E q u i p m t  

C i r c u i t r y  

Radio and T e l e v i s i o n  Equipment 

C i r c u i t r y  

Othe r  Uses 

Molds f o r  p las t ics  

Chemical r e a g e n t s  

Alloy development 

*See r e f e r e n c e  Nos. 3,5,6 



TABLE III* 

BERYLLILTM PRODUCTS 
INDUSTRIES PROCESSING AND MANUFACTURING 

Aerospace equipment s p e c i a l t y  
p r o d u c t s  

A l loy  manufactur ing 

Beryl l ium a l l o y  machining 
and f a b r i c a t i o n  

M e t a l l u r g i c a l  o p e r a t i o n  

Mining and b e n e f i c i a t i o n  
of b e r y l l i u m  m i n e r a l s  

Non-f e r r o u s  foundry p r o d u c t s  

Phosphor manufac tu r ing  
Beryl l ium ceramic p r o d u c t s  

S p e c i a l  chemica l s  
E l e c t r o n i c  equipment 
manufactur ing 

E x t r a c t i o n  of b e r y l l i u m  

*See r e f e r e n c e  Nos. 3 , 5  

Tool and d i e  manufac tu r ing  

.. - . .. , . _. . 
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TABLE X I *  

( P r i o r  t o  C o n t r o l s )  
REPRESENTATIVE ENVIRONMENTAL BERYLLIUM CONCENTRATIONS 

Bery l l i um O p e r a t i o n  

Metal Furnace 

Pouring 
Coke removal 

F l u o r i d e  Furnace  

3 f e e t  away 
1 5  f e e t  away 

Ore Treatment  (Rotary 
k i l n  d r y e r )  

1-112 f e e t  t o  f a r  
s i d e  of a r e a  

C o n c e n t r a t i o n  (pg/m 3 ) 

Dust 

1430 t o  4710 
110 t o  533 

59 t o  70 
14 

50 t o  528 

Fumes 

293 
59 t o  83 

*See r e f e r e n c e  No. 105 
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TABLE XII* 

REPRESENTATIVE ENVIRONMENTAL EXPOSURE LEVELS IN A BERYLLIUM 
ALLOY PLANT PRIOR TO INSTITUTION OF CONTROL MEASURES 

p g  ge/m3 

Mix Opera t ion :  

General  a i r  
Brea th ing  zone 

A l l o y  Opera t ion :  

Gene ra l  a i r  

Brea th ing  zone 

S t a c k  Sampling: 

*See r e f e r e n c e  No. 106 

1 1 / 4 7  1 2 / 4 7  1 / 4 8  

411 
15,500 4 2 , 0 0 0  

2 , 8 4 0  
1 ,330  

43,300 

2 / 4 8  - 

21,000 
590 

16,500 

2 , 4 0 0  
7 , 0 6 0  

4 , 7 0 0  

1,955 
2 , 4 7 0  



I 

TABLE X I I I *  

CHRONIC AND ACUTE-TO-CHRONIC CASES BY P R O X I M I T Y  TO SOURCE 

Mode of Exposure Number P e r c e n t  

Nonoccupat ional  
Bery l l ium p l a n t ,  d i f f e r e n t  bu i ld ing** 
Under same roof  as s o u r c e  
Direct exposure  

6 
15 
4 4  

267 

1 .8  
4 . 5  

1 3 . 2  
80.5 

*See r e f e r e n c e  No. 102 and 107 
**Building o t h e r  t h a n  one i n  which b e r y l l i u m  materials a r e  p rocessed .  



TABLE XIV* 

SAMPLE DISTRIBUTION BY CONCENTRATION FOR 
15 BERYLLIUM METALWORKING PLANTS 

Stated Concentration No. {Stated 
pg B e h 3  Concentration 

Percent <Stated 
Concentration 

0.05 
0.10 
0.20 
0.50 
1.00 
2.00 
5.00 

10.00 
20.00 
50.00 
100.00 

*See reference No. 112 

84 
148  
170 
19 8 
216 
223 
2 25 
228 
230 
232 
233 

42.06 
63.52 
72.96 
84.97 
92.70 
95.70 
96.56 
97 .85  
98 .71  
99.57 

100.00 
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FIGURE 2 

Typical Setup f o r  Cal ibrat ion 
of A i r  Sampled  
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