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Operrrting Gvfde for Radiochemical L a b o r a t o r i e s  
n t  Varinue A c t i v i t y  Levels  

A l l  r ad iochemicnl  opeoa t lone  have the  fundnmentAl problem of preven t ion  
and /o r  c o n t r o l  of con tamina t ion .  Although t h e  h e a l t h  and s a f e t y  of  
per sonne l  a r e  of pr imary  concern ,  t h e  c o a t  9 f  decontaminat ion  and g.jssibbe 
permanent etrutdown of n bad ly  contaminated  f & c i l i t y  m l i 8 t  a l e 0  be conaidered .  
For t h i e  r eaeon  e v e r y  p r e c a u t i o n  m u s t  be t aken  to preven t  r e l e e e e  of a c t i v i -  
t y t  and i n  t h e  event  o f  a n  a c c i d e n t a l  r e l e a e e  c o n t a i n  i t a  epxeed to  A n l n i -  
mum a r e a .  
neces  s i t J . Adequate f a c i l i t i e s  and t r a i n e d  pe r sonne l  are t h e r e f o r e  a prime 

R a d i a t i o n  S a f e t y  P o l i c y  

Conditionie l e a d i n g  t o  un fo reseen  a c c i d e n t s ,  r e s u l t i n g  i n  sp read  of contami- 
n a t i o n ,  are a r e s u l t  o f  t h e  breakdown o f  one or a l l  o f  t h e  fo l lowing  b a s i c  
r equ i r emen t s  of e good r a d i a t i o n  s a f e t y  p c l i c y .  

1. P r o p e r l y  t r a i n e d  pe r sonne l  and adequa te  p rocedures .  

2 .  Good l a b o r a t o r y  f a c i l i t i e s ,  p a r t i c u l a r l y  from a conta inment  and isoba- 
t Pan v iewpo in t .  

3. Competent s u p e r v i a i o n  and e t r i c t  e n f o r . r m e n t  of a l l  r a d i a t i o n  tlafety 
r e g u l a t o r y  pol ic ics .  

I n  t h e  development of t h e s e  r equ i r emen t s  o p e r a t i o n s  which are v a r i e d  
and e x t e n s i v e  i t  is f r e q u e n t l y  d i f f i c u l t  f o r  s u p e r v i s i o n  t o  de te rmine  the  
type  o f  l a b o r a t o r y  and a u x i l i a r i e s  and t h e  deg ree  of containment neceeeary  
for t h e  v a r i o u s  r a d i o a c t i v e  i s o t o p e s  t h a t  m u s t  be p rocessed .  To a i d  bn 
making t h e s e  d e c i s i o n s ,  a g u i d e  r e l a t i n g  type8 of l a b o r a t o r i e e  f o r  va ry ing  
amounts of a c t i v i t i e a  v e r s u s  r e l a t i v e  r a d i o t o x i c i t i e s  of t h e  i s o t o p e s  t o  
be hand led ,  is p r e s e n t e d .  l 

R a d i o t o x i c i t y  r e f e r s  t o  t h e  p o t e n t i a l  of an  i s o t o p e  t o  c a u s e  damage to 
l i v i n g  t i s s u e  by a b s o r p t i o n  of energy  from t h e  d i s i n t e g r a t i o n  o f  t he  r a d i o -  
atom i n t r o d u c e d  i n t o  t h e  body. 

Radiochemical Labora tory  Requirements 

Both r a d i a t i o n  and  con tamina t ion  h a z a r d s  m u s t  be c o n s i d e r e d  i n  t h e  r a d i n -  
chemica l  l a b o r a t o r y .  Of t he  t w o ,  t h e  radiation problem is l e s s  complex 
and may be handled by p r o p e r  s h i e l d i n g .  The govern ing  problems a rc  those  
d e a l i n g  w i t h  t h e  sp read  o f  contnminat ion  and t h e  at . tendant problems r e s u l t -  
i ng  from p e n e t r a t i o n ,  i n g e s t i o n  and i n h a l a t i o n .  R c l a t i v e  r a d i o t o x i c i t i e s  
o f  the v a r i o u s  i s o t o p e s ,  p h y s i c a l  f o r m  o f  t he  i s o t o p e  and complexi ty  of 
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o p e r a t i o n  t h e r e f o r e  provide  a b a s i e  f o r  de te rmining  the type  of Intaorstory 
and degree  o f  containment  required.  

Taking t h e s e  f a c t o r s  i n t o  account ,  approximate ly  150 r a d i o i s o t o p e s  were 
c l a s s i f i e d  i n t o  f o u r  broad categories  o f  r e l a t i v e  r a d i o t o x i c i t y  - very high, 
h igh ,  moderate ,  nnd s l f g h t  - as sliown in T a b l e  1. The types  of laboratories 
and t h e  amounts o f  r a d i o e c t i v i i y  which can be s a f e l y  handled are given in 
Table 2. 

Labora tory  Requirements - 
Uae of  f a c i l i t i e s  and equf.pment s p e c i a l l y  des igned  f o r  t h e  p u r p o s e .  

S u c c e s s f u l  work wi th  r a d i o i s o t o p e s  requires t h e  

Genera l ly  speaking, t h i s  c o n s i s t s  of a bes ic  l a b o r a t o r y  i n  which the floors,  
w a l l s ,  c e i l i n g ,  benches,  e tc . ,  p r e s e n t  a smooth, cont inuous  surface of non- 
porous and noncorroding m a t e r i a l  f o r  e w e  i n  decontaminat ion .  Hooda, glove 
boxes, or h o t  c e l l s  wi th  forced  v e n t i l a t i o n  and f i l t e r e d  d i s c h a r g e  (99.957. 
e f f i c i e n c y  for p h r t i c l e s  > 0.3 micron) a r e  r equ i r ed  €or o p e r a t i o n s  w i t h  
more than low l e v e l s  o f  z c t i v i t y .  Hot a r e a s  must be a t  a nega t ive  pressure 
w i t h  r e s p e c t  to sur rounding  co ld  areas. S p e c i a l i z e d  equipment suitable for 
t h e  type and l e v e l  of a c t i v i t y  being used must be provided.  

Table 2 prov ides  a means f o r  de te rmining  t h e  type of  l a b o r a t a r y  for s t a t e d  
curie  amounts of a c t i v i t y  ve r sus  re la t ive  r a d i o t o x i c i t y .  
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Table  h 

Claes 2 

rnP =: 0.86-17 
(High radtotoxisity) 

Class  3 
(Mderate radiotaxicity) 
W P  = 22-220 

Class 4 
(S 1 i g h t  rad iotoxdc i t y ) 
HE.P > 430 

Na-22, P-32, C a - 4 5 ,  Sc-46, V - 4 8 ,  Fe-59,  Co-58, 
CO-60, Mi-43, Zn-65, Kb-86, SP-89, Y-91, 
Zr-95 4 Ns-95, RU-103, RIA-106 3 PA-106, A$-105, 
Ag-110, Cd-109 O- Ag-109, Cd-115, Ln-114, Sn-113, 
Sb-122, Sb-124, Sb-125, 1-131, CS-1360, 
Cs-137 -f- Ba-137, Ba-140 -+ La-140, Ce-1hh + Pr-144, 

Ta-182, Tr-192, Hg-203, TI-204, Bi-210, At-211, 
U-2331, Th-234 + Pa-234, Np-237, Pu-242 

Pm-147, Sm-151, Eu-152, Eu-154, Tin-170, Hf-181, 

B e - 7 ,  Na-24, S-35, K-42, 01-47, Sc-47, Sc-48, 
Mn-52, h-5 l4 ,  Fe-55, Mn-56, Cu-6l+, Ga-72,  A s - 7 4 ,  
A s - 7 6 ,  As-77,  Se-75, Rr-82, Sr-85, Y-90, I%-95, 

Cd-115, Sb-122, Te-127, Ba-131, L2-148, Ce-141, 
Pr-142> Pr-143, Md-147, 110-166, Sm-153, Ho-170, 
tu-177, W-181, W-185, 14-187, Re-183, Re-186, 
09-191, Ir-190, Zr-192, l r -194 ,  Pt-191? PC-193, 
Ad-196, Au-198, Au-199, Wg-197, Tl-200, TI-201, 

NO-99, Fd-103 -t Rd-103, Rh-105, Pd-189, Ag-111, 

T1-202, Ac-227, pure  U-233, U-234 

H - 3 ,  C-14, F-18, C1-36, A - 3 7 ,  Cr-51, Ni-59, 

Te-129, 1-129, 1-132, Xe-133, Pb-203,  U-23.5, 
U-234, Th-na tura l ,  U - 2 3 8 ,  U-na tura l  

Ge-?l, Kr-85, Tc-98, Tc-99,  R u - 9 7 ,  Rh-103, 

'< - 500 ppm U-232 

*These v a l u e s  a re  based on inhal-atlon and immersion ( f o r  i n e r t  g a s e s )  hazard  
only. 
t o x i c i t y  and r e a c t i v i t y ,  and p y r o p h o r i c i t y .  

O t h e r  f ac to r s  t h a t  must b e  cons ide red  a re  c r i t i c a l i t y ,  chemical 

MEP = 2.1s 109 HPC, A. 

mCa = pc/cc  f o r  40 h r  wk 

A = g / c  01- 0.1, whichever i s  g r c a t p ~  



Table 2 

Type of Lnborntory  wi th  Quan t i ty  Handled Versus Rad io tox ic i ty  

Type  A Type E) Type C Type D 
R a d i o t o x i c i t y  High Level Radiochemical Good Chemical Good Chemical 
,Of I e o t o p e s  k b o r f l t o r y  Labora tory  La b o r n  t o ry  Laboratory 

Very h i g h  > 10 mc 10 pc - 1 0  mc 0.1 pc - 1 0  uc 0 - 0.1 pc 

n i g h  > IOO mc 100 pc - 100 mc 1.0 pc -100 PC 0 - 1.0 PC 

'Mode r a t e > I C  1 m c -  I C  10 p c - 1 m c  0 - 1 0  pc 

S l i g h t  > 10 c 10 mc - 1 0  e 100 pc - 10 mc 0 -100 pc 

- D e f i n i t i o n  of Labora to ry  Types - Unless o the rwise  s t a t e d ,  the requirements 
of a b a s i c  l a b o r a t o r y  o r  equa l  f a c i l i t y  a r e  unders tood .  

Type A - Opera t ions  t o  be conducted i n  g love  boxes o r  hot c e l l s  in f a c i l i t i e s  
s p e c i f i c a l l y  c o n s t r u c t e d  f o r  handl ing  h igh  l e v e l s  o f  r a d i o a c t i v e  m a t e r i a l s .  
Containment f e a t u r e s  m u s t  p reven t  sp read  of a c t i v i t y  w i t h i n  o r  r e l e a s e  from 
the  f a c i l i t y .  Complete i s o l a t i o n  ( p h y s i c a l  s e p a r a t i o n )  from ne ighbor ing  
f a c i l i t i e s ,  l a b o r a t o r i e s ,  o f f i c e s ,  e t c . ,  i s  necessa ry .  

Type B - Opera t ion  must be conducted i n  approved g love  boxes. A i r  i n l e t  
and d i s c h a r g e  p o r t s  m u s t  be f i t t e d  wi th  h igh  e f f i c i e n c y  f i l t e r s  and v e n t i l a -  
t i o n  a i r  from l a b o r a t o r i e s  c o n t a i n i n g  g love  box o p e r a t i o n s  m u s t  a l s o  pass  
through h i g h  e f f i c i e n c y  f i l t e r s .  Glove box s a f e t y  f e a t u r e s ,  a i r  locks and 
bagging t echn iques  a r e  also a n e c e s s i t y .  

A degree  of i s o l a t i o n  such as h o t  change f a c i l i t i e s  o r  a i r  l ocks  t o  prevent 
sp read  o f  con tamina t ion  t o  sur rounding  o f f i c e s  o r  l a b o r a t o r i e s  m u s t  be main- 
t a i n e d .  

Type C - Opera t ions  must  be conducted i n  approved chemical hoods which a r e  
vented  through h igh  e f f i c i e n c y  f i l t e r s .  Wood openings m u s t  have a m i n i m u m  
face v e l o c i t y  of 100 fpm; however, 200 fpm may be r equ i r ed  f o r  va r ious  
hazardous  o p e r a t i o n s ,  e s p e c i a l l y  i f  hot  p l a t e s ,  a s p i r a t o r s ,  o r  Bunsen burnecs 
a r e  used .  

Type D - Bench-top o p e r a t i o n  is  normally s a t i s f a c t o r y .  Hood o p e r a t i a n s  
should  be cons ide red  f o r  upper l e v e l s  o f  a c t i v i t y .  



Table 3 

Operatianal Fac to r s  t~ Modify Table 2 

Operation --. P Modifying Factor 

Storage x 100 

Very simple w e t  o p e r a t i o n  x 10 

Normal. chemical o p e r a t i o n  x 1  

Complex w e t  operations w i t h  risk a% s p i l l s  
and simple dry operations x 0.1 

Dry and dus ty  opcrwtionts and thoee where i e o t o p r s  
are evolved ars gaaea x 0.01 

These factore normal ly  a p p l y  t o  o p e r a t i o n s  i n  E-type and C-type I n b o r a t o r i c a .  
Examp1e8 of these  are: (1) s t o r a g e  i t e m s  may i nc lude  s t o c k  s o l u t i o n ,  bu lk  
i r r a d i a t e d  m a t e r i a l s ,  sou rces ,  e t c . ;  ( 2 )  very  simple w e t  o p e r a t i o n s  inc lude  
man ipu la t ions  such as mixing, d i l u t i o n s ,  pW de te rmina t ions ,  e t c . ;  (3) m o s t  
q u a n t i t a t i v e  and qucnllitative analyses may be cons ide red  as  normal chemical 
o p e r a t i o n s  ; (4)  complex wet. o p e r a t i o n s  and simple d r y  o p e r a t i o n s ,  normally 
involve those which require  e l e v a t e d  tempera tures ,  p r e s s u r e ,  vaciiirrn, o p e n  
dish fuming or e v a p o r a t i o n ;  and (5 )  mixing, g r i n d i n g ,  p u l v e r i z i n g ,  s i z e  
separation and source  f a b r i c a t i o n  a re  classified a s  d r y  and dus ty  o p e r a t i o n s .  
Operations listed In i t e m  ( 5 )  a r e  nnrrna1ly r e se rved  f o r  A-type and  B-type 
1abQl"arOries.  
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