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ZERO-GLOW MON ITORZ NG 

by M. J .  A i t k e n ,  G .  D .  B u s s e l l  and H .  S.  T .  D r i v e r *  
Research  Labora to ry  f o r  Archaeology,  6 Keble Road, 
Oxford,  OX1 3QJ,  U . K .  

* P r e s e n t  a d d r e s s :  Department of  P h y s i c s ,  Univers i , t ,y  of  Cape Town, 
Rondesbosch 7700, S .  A f r i c a .  

I n  t h e  evaluat i .on  o f  e q u i v a l e n t  dose  by means of  t h e  addi t . i .ve  dose  
t e c h n i q u e  a f r e q u e n t  d i . f f i . c u l , t y  i.s t h a t  o f  n o r m a l i z a t i o n  between t h e  
d i f f e r e n t  p o r t i o n s  o f  t h e  sample - t h e  e s s e n c e  o f  t h e  addi . t . ive  dose  
t e c h n i q u e  be ing  t h a t  t h e  e q u i v a l e n t  d o s e  i s  d e r i v e d  from f i r s t - g l o w  
measurements.  T h i s  n o t e  r e p o r t s  a  t e c h n i q u e  f o r  n o r m a l i z a t i o n  t h a t  
h a s  been found hli.ghl. y s a t l . s f a c t o r y  w.i.th ca l . c i . t e  , whet-her i n  t h e  form 
o f  100-mi.cron g r a i . n s  o r  a s  t h i n  s l . i c e s ;  it was e a r l i e r :  c;onsi.dered by 
Win t l e  i.n t h i s  c o n t e x t  ( p r i v a t e  comrnun.i.cati.on) . :St. seems 1.i.kely 
.that: it i.s a p p l i . c a b l e  t o  some o t h e r  materyials t o o ,  e . g .  q u a r t z ,  
f l u o r i t e ;  i n d e e d ,  u t i l i . z a t i o n  i n  r e s p e c t  of  q u a r t z  h a s  a l r e a d y  been 
made by Bowman (D.Phi1. t . h e s i s ,  Oxford 1977) . 
The p rocedure  i s  a s  fol. lows :- 

l )  Admi.nist.er moni to r  dose  o f  b e t a - r a d i a t i o n .  T h i s  shou1.d be s m a l l  
compared t o  t h e  expect .ed e q u i v a l e n t  dose .  

2 )  Measure TL o f  peak I (see f i g u r e )  ; s t o p  a t  1 0 0 ~ ~ .  

3a )  I n  t h e  c a s e  of a por t - ion  bging used  t o  d e t e r m i n e  t h e  n a t u r a l  TL,  
c o n t i n u e  glow-curve t o  500 C .  

3b) I n  t h e  c a s e  o f  a  p o r t i o n  be ing  used  t:o d e t e r m i n e  ( N + B )  6 admini.ster.  t h e  a d d i t i v e  b e t a  d o s e  and t h e n  glow t o  500 C .  

The f i r s t - g l o w  growth c h a r a c t e r i s t i c  i.s t h e n  o b t a i n e d  by p l o t t i r l g  t h e  
r a t i o  ( 3 ) /  ( 2 )  aga ins t .  b e t a  d o s e ,  and t h e  i n t . e r c e p t  g i v e s  t h e  equiva-  
l e n t ,  d o s e  i n  t h e  u s u a l  way ( e x c e p t  t h a t  i f  s i g n i f i . c a n t  t h e  v a l u e  o f  
t h e  moni tor  dose  needs  t o  be s u b t . r a c t e d  from i t ) .  

The g r e a t .  advantage of  t h e  t e c h n i q u e  i.s t h a t  t h e  p o x t i o n  i s  monit-oued 
b e f o r e  it h a s  had any a p p r e c i a b l e  h e a t i n g  and b e f o r e  it h a s  had any 
a d d i t i v e  dose .  Thus i . n t e r f e r e n c e  by pre-dose  e f f e c t s  i.s avo ided ,  a s  
w e l . 1  a s  t x a n s p a r e n c y  changes  on h e a t i n g ,  w i t h  cal.ci.te a t  any r a t e  the lat t .er  
t e n d  t o  be  i r r e g u l a r  from por t . ion  t o  p o r t i o n ,  p a r t i c u l a r l y  i n  t h e  c a s e  
of s l i c e s .  It- i s  quicker .  and much l e s s  t e d i o u s  t h a n  weighing,  a s  w e l l  
a s  be ing  more a c c u r a t e ;  a l s o ,  if t h e  i r r a d i a t i o n s  a r e  done o n - p l a t e ,  
~ p t . ~ c a l  e f f e c t s  a s s o c i a t e d  w i t h  sample p r e s e n t a t i o n  a r e  normal ized  
ou, t  ( a s  l o n g  a s  such  e f f e c t s  a r e  t h e  same f o r  b o t h  peaks ;  t . h i s  i s  
. l i .kely t o  be t h e  c a s e  u n l e s s  t h e r e  i.s a s t r o n g  d . i . f ference  i n  wave- 
Length) . 
The t e c h n i q u e  h a s  been t e s t e d  f o r  100-micron g r a i n s  u s i n g  c a l c i t e  
which had been g i v e n  a 1 5 - k i l o r a d  gamma i r r a d i a t i o n  and f o r  t h i n  
s l i c e s  which had been g i v e n  a 50-k i lo rad  gamma i r r a d i a t i o n .  I n  both  
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cases  t h e  monitor dose was one k i l o r a d .  In  these  t e s t s  t.he gamma 
irradiat i .on s imulates  the  archaeological  dosage and t h e  ob jec t ive  
was t o  s e e  i f  the technique gave accurat.e normalization from 
por t ion  t o  por t ion  (or  from s l i c e  t o  s l i c e )  ; t h e  monitor dose was 
of course given wit.h the  porti-on on-plate immediate1.y before measure- 
ment of TL (beta-TL from peak I ,  gamma-TL peak 111 with a  small be ta  
c o n t r i b u t i o n ) .  For s i x  por t ions  of g ra ins ,  approximately 7 m i l l i -  
grams presented dry i n  a  0.005"-walled 7-mm diameter s i l v e r  p lanchet te ,  
t h e  s tandard devia t ion  in  t h e  r a t i o  of peak ITI /peakI  was 4%. For an 1 approximate monolayer of g ra ins  on a  0 .018" t h i c k  10-mm diameter 

1 s i l v e r  d i s k ,  t h e  s tandard devia t ion  was 2 % ;  t h e  monolayer was obtained 
jby t h e  Murray technique by g iv ing  the  d i s c  a  p r i o r  coa t ing  of S i l -  
' s p r a y  and then tapping o f f  g ra ins  which d id  no t  dhere.  For e i g h t  

400 micron s l i c e s  with a reas  between 6 and 1 6  mm' t h e  s tandard 
devia t ion  was 5 % ;  use of a rea  and mass normalization gave standard 
devia t ions  of 8% and 10% respec t ive ly .  Using 14 s l i c e s  of equal 
a rea ,  and thickness  from 290 t o  980 microns ZGM gave a  s tandard 
devia t ion  of 4 %  f o r  t h e  r a t i o  peak IIZ/peak I ,  whereas t h e  s tandard 
devia t ion  f o r  mass normalization was 2 9 % .  The f a i l u r e  of mass 
normalization i n  t h i s  case i s  a t t r i b u t e d  t o  t h e  increas ing  importance 
of o p t i c a l  at . tenuation w i t h  increas ing  s l i c e  th ickness ;  zero glow 
monitoring i s  not  s u b j e c t  t o  t h i s  l i m i t a t i o n  unless  t h e  o p t i c a l  
a t t enua t ion  c o e f f i c i e n t s  f o r  t h e  two peaks d i f f e r  widely. 

0 Because peak 1 occurs  a t  about 75  C it is important t o  keep a  s t r i c t  
rou t ine ,  e.g.  adminis t ra t ion  of t h e  monitor dose should not. commence 
u n t i l  t he  p l a t e  has cooled from t.he previous glow-curve t o  25'~,  and 
commencement of t h e  glow-curve f o r  measurement of peak I should 
commence at: a  f ixed  t ime, say 3 minutes, from t h e  end of t,he monitor 
i r r  a d i a t i a n .  



The g r e a t e r  s c a t t e r  obse rved  f o r  t h e  method o f  g r a i n  p r e s e n t a t i o n  i n  
which t h e  t h i c k n e s s  was more t h a n  a  monolayer s u g g e s t s  i n t e r f e r e n c e  
by p o r t i o n - t o - p o r t i o n  v a r i a t i o n s  i n  b e t a  bui ld-up and a t t e n u a t i o n  
e f f e c t s  ( W i n t l e  and Ait.ken 1977, I n t .  J. Radio I s o t o p e s  28, 625-627).  
A b r i e f  a t t e m p t  t o  r e d u c e  such  e f f e c t s  by i n t e r p o s i t i o n  of a  100- 
micron t h i c k  aluminium s c a t t e r e r  produced an  i n e x p l i c a b l e  broadening 
of  peak I ;  t h i s  l i n e  o f  development was not. pe r sued .  

The tests  show t h a t  t h e  ZGM t e c h n i q u e  s h o u l d  g i v e  a c c u r a t e  norma- 
l i z a t i o n  a s  f a r  a s  n a t u r a l  TL i s  concerned;  u t i l i z a t i o n  i n  r e s p e c t  
of t r u e  r a t h e r  t h a n  s i m u l a t e d  a r c h a e o l o g i c a l  dosage  h a s  conf i rmed 
t h i s .  S i m i l a r  u t i l i z a t i o n  h a s  conf i rmed t h a t  a c c u r a t e  n o r m a l i z a t i o n  
i s  a l s o  o b t a i n e d  i n  r e s p e c t  o f  a d d i t i v e  on-plat-e b e t a  dosage.  O f  
c o u r s e  d i f f i c u l t i e s  encoun te red  i n  t h e  a b s o l u t e  c a l i b r a t i o n  o f  b e t a  
s o u r c e s ,  such a s  t h e  sample dependence r e p o r t e d  by B e l l  and Mejdahl 
a t  t h e  1979 London Archaeometry Symposium remain .  
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