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ent TL 
Edi tor :  D. W. Zimmerman 
Box 1105, Washington Un ive r s i t y  
St .  Louis,  KO 63130 USA No. 1 Autumn, 1977 - - -p- - - 
"He t h a t  would enjoy l i f e  and a c t  w i t h  freedom must have t h e  work of t h e  day 
con t inua l ly  before  h i s  eyes. Not yes te rday ' s  work, l e s t  he f a l l  i n t o  despa i r ;  
n o t  tomorrowts, l e s t  he become a v is ionary ."  James Clerk Maxwell. 

I N  THIS ISSUE , , , 
In t roduc t ion  
I n s t r u c t i o n s  f o r  Cont r ibutors  
Quest ionnaire  Resul t s  
Experiences wi th  a n  Alpha Counter. . . D. Huntley 
Cleaning Quartz Grains  . . . G. Carr tveau 
Hin ts  on Spurious Reduction . . . S. Sut ton  and D. Zimmerman 

INTRODUCTION 
Ancient TL is  a q u a r t e r l y  news le t t e r  intended pr.imarily t o  f a c i l i t a t e  

commu~i.cations of h e l p f u l  and p r a c t i c a l  information between r e sea rche r s  a c t i v e l y  
involved i n  thermoluminescence da t ing .  The major s u b j e c t s  of c o n t r i b u t i o n  a r e  
expected t o  be experimental techniques and new equipment, T'L d a t a  of v a r i o u s  
phosphors and minera ls ,  and d a t a  and information on dosimetry and r a d i o a c t i v i t y  
&&terminations. Other t o p i c s  may inc lude  l i s ts  of r e c e n t  pub l i ca t ions ,  announce- 
ments of meetings, l ists of t heses  a v a i l a b l e ,  and readers '  quer ies .  Contributi .ons 
accepted f o r  i nc lus ion  w i l l  i n  gene ra l  no t  be  reviewed. A genera l  guide f o r  t h e  
s u i t a b i l i t y  of con t r ibu t ions  i s  t h a t  they  should be of i n t e r e s t  on ly  t o  TL 
p r a c t i t i o n e r s ;  a r t i c l e s  of wider  i n t e r e s t  and importance should be  considered 
i n s t e a d  f o r  a journa l  such as Archaeometry. Subscri .ptions t o  Ancient TL may be 
obtained from t h e  e d i t o r  a t  a ' cos t  pe r  annum (4 i s s u e s )  of $4.00 (U. S.). 

. = * * ~ - P ~ ~ - ~ % ~ , w " ~ ~ ~ , r w  d w * ~ - - c ~ * w ~ e s * . - ~ e ~ ~ ~ *  

The prepara t ion  of t h i s  document was supported i n  p a r t  by National  Science 
Foundation Grant BNS 76-82645 and i n  p a r t  by subsc r ip t ion  f ees .  
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INSTRUCTIONS FOR CONTRIBUTORS 

Contr ibut ions  should b e  s e n t  t o  t h e  e d i t o r  a t  t h e  l e t t e r h e a d  address .  
To keep c o s t s  and e d i t o r i a l  e f f o r t s  t o  a  minimum, manuscripts  should b e  i.n 
camera ready form. To ease  p repa ra t ion  e f f o r t s ,  t h e  manuscript r u l e s  fol lowing 
have been kept  t o  a  minimum: 

1.. Text: 
Minimum width 6 inches  (15 cm). 
Maximum width 7 inches  (18 cm). 

2. Zncl.ude t i t l e ,  a u t h o r ( s )  , a f f i l i a t i o n  and address .  ( ~ h e s e  w i l l  be  
retyped here  f o r  t h e  heading.) 

3. References.  The format of Archaeometry i s  recommended. They nay -- 
be placed a t  t h e  end of t h e  t e x t ,  a f t e r  a  ~ e n t e r e d  heading "REFERENCES", 
a s  i.n Archaeometry, o r  placed w i t h i n  t h e  t e x t .  Acknowledgements of 
previous work i n  t h e  f i e l d  which w i l l  be  we l l  known t o  a c t i v e  TL 
p r a c t i t i o n e r s  a r e  not  necessary.  

I 4. No footnotes .  
l 

5. Acknowledgements of funding agencies  ( i f  des i r ed )  may be placed as 
t h e  last sen tence  i n  t h e  t e x t .  

6. Tables and f i g u r e s  should be s e n t  t h e  same s i z e  a s  you wish them t o  
appear i n  p r i n t .  If smal l ,  you may i n s e r t  them d i r e c t l y  w i t h i n  t h e  
t e x t .  If  l a r g e  (18 cm maximum wid th ) ,  they may be on s e p a r a t e  pages,  
and w i l l  be i n s e r t e d  by t h e  e d i t o r  i n  an  appropr i a t e  place.  F igures  
and t a b l e s ,  i f  se l f -explana tory  o r  adequately descr ibed  i n  t h e  t e x t ,  
needn't  n e c e s s a r i l y  have capt ions .  

QUESTIONNRI RE RESULTS ' . 
A ques t ionna i r e  t o  survey i n t e r e s t  i n  Ancient T& was mailed t o  67 i n d i v i d u a l s  

a t  63 l a b o r a t o r i e s  ( f o r  l a r g e  l a b s ,  a quest ' ionnarie  was u s u a l . 1 ~  s e n t  on ly  t o  t h e  
head, expect ing he would pass  on t h e  i.nformation t o  o t h e r s  i n  h i s  l a b ) .  So f a r ,  
42 persons from 17 coun t r i e s  have r e p l i e d  i n d i c a t i n g  they  wish t o  subsc r ibe  
(l nega t ive  response).  Thir ty-four  i nd ica t ed  they  expected t o  have c o n t r i b u t i o n s  
t o  make i n  t h e  next  one o r  two years .  The l a r g e  ex ten t  of world-wide i n t e r e s t  
has  been a  ve ry  p leasant  s u r p r i s e .  Topics l i s t e d  f o r  a n t i c i p a t e d  c o n t r i b u t i o n s  
included t h e  following : 

TL ins t rumenta t ion  Dosimetry prob Lems 
Sample prepara t ion  Source c a l i b r a t i o n s  
S p e c t r a l  measurements Predose measurements 
Rad ioac t iv i ty  measurements Fa i l ed  TL d a t i n g  p r o j e c t s  

(alpha counters  and o t h e r  techniques)  TL c h a r a c t e r i s t i c s  of t e e t h ,  
Radon speleothems, CaC03, f e l d s p a r s ,  
Spurious TL c h e r t s ,  qua r t z ,  and o t h e r  m a t e r i a l s  



EXPERIENCES W 17 W AN ALPHA COUNTER 
D. J. Huntley 

Physics  Department 
Simon F r a s e r  Un ive r s i t y  
Burnaby, B. C. Cmada 

The a lpha  counter  was const:ructed f o r  determi.ning t h e  a lpha  p a r t i c l e  
emission rates from samples f o r  thermoluminescence da t ing ,  and f o r  de t e r -  
mining uranium and thorium contents .  

The b a s i c  technique i s  descr ibed  by Aitken (1974). The sample i s  prepared 
by spreading a covering of t h e  powder on a ZriS screen  which i n  t u r n  i s  placed 
i n  a s ea l ed  l u c i t e  con ta ine r  on a photomul t ip l ie r  tube. Each a lpha  p a r t i c l e  
causes a l a r g e  s c i n t i l l a t i . o n  pu l se  i n  t h e  ZnS which i s  e a s i l y  de t ec t ed  and 
counted. Figure 1 shows a diagram of t h e  o v e r a l l  apparatus .  

The d i sc r imina to r  s e t t i n g  on t h e  SCA was determined by p l o t t i n g  count 
i r a t e  vs .  s e t t i n g  f o r  a 1..02% U sample (Canadian C e r t i f i e d  Reference Mate r i a l  

BL-3 known t o  be w i t h i n  90% of s e c u l a r  equi l ibr ium)  and a d j u s t i n g  t h e  s e t t i n g  
so t h a t  t h e  count r a t e  was 82% of t h e  ex t r apo la t ed  zero-pulse he igh t  value.  
The d a t a  f o r  t h i s  is  shown i n  F igure  2. The 82% f i g u r e  i.s used s o  t h a t  t h e  
conversion f a c t o r s  of Aitken and Bowman (1975) can be used l a t e r .  

The corresponding f i g u r e  f o r  a sample of USAEC pi tchblende  No. 6 was 
determined t o  be  80.9 f 0.3%. 

I n  o rde r  t o  determine what kind of e f f e c t s  t h e  upper and lower discrim- 
i n a t o r  may have p luse  he igh t  s p e c t r a  were taken f o r  s e v e r a l  samples; t h e s e  
a r e  shown i n  F igure  3. W e  a t t r i b u t e  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  mainly 
t o  d i f f e r e n t  r e f l e c t i v i t i e s  of t h e  samples, t hus  a h igh ly  r e f l e c t i n g  sample 
w i l l  g ive  l a r g e r  pu l se s  than  a poorly r e f l ec t i , ng  one. It would appear from 
t h i s  t h a t  it is  necessary t o  determine what d i sc r imina to r  s e t t i n g  i s  necessary  
f o r  each sample (one p o s s i b l e  way t o  do t h i s  would be t o  measure t h e  r e f l e c t i v i t y  
s i n c e  f o r  most samples counting s t a t i s t i c s  and an unknown U/Th r a t i o  would make 
t h e  present  method d i f f i c u l t ) .  

1 To e s t a b l i s h  whether o r  no t  t h e  counter  was w o r k i ~ g  as expected count 
r a t e s  were determined f o r  s e v e r a l  samples of known composition and converted 
t o  U and Th con ten tg>us ing  t h e  conversion f a c t o r s  of Aitken and Bowman (1975). 
f h e s e  g e s u l t s  were then  co r rec t ed  f o r  v a r i a t i o n s  of alpha- a r t i c l e  range w i t h  
atomic number (A) us ing  t h e  Bragg-Kleeman r u l e  (range 4 deff, J A ~ ~ ~  = (EY 1 . / J A ~ ) - ~  
where Yi  a r e  t h e  weight f r a c t i o n s ,  Evans, 1955). 

The r e s u l t s  a r e  shown i n  Table 1 where i t  i s  seen  that. f o r  t h e  two Canadian 
o r e  s tandards  t h e  agreement between t h e  s t a t e d  va lues  and those  we determined i s  
exce l l en t .  For t h e  U. S. s tandard  which has  a very  high U conten t  t h e r e  i s  a 
discrepancy which we a t t r i b u t e  t o  non-uniformity of t h e  U d i s t r i b u t i o n  and/or  
inadequacy of t h e  Bragg-Kleeman r u l e .  

Table l a l s o  conta ins  r e s u l t s  from two obs id ian  samples which happened t o  
be  ava i l ab l e .  For one t h e  r e s u l t s  a r e  s a t i s f a c t o r y  wh i l e  f o r  t h e  o t h e r  t h e r e  
i s  a disagreement, t h e  cause of which is unknown. 

I f i n d  i,t very p leas ing  t h a t  without  any a r b i t r a r y  adjustments  one can 



cons t ruc t  such a simple device  f o r  determining U and Th contents  s o  accu ra t e ly ,  

D r .  M. J. Aitken gave much u s e f u l  advice  which i s  very  g r a t e f u l l y  
acknowledged. 
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Aitken, M. J .  and Bowman, S. G. E. ,  1975, Archaeometry 17,  132. 
Evans, R. D. ,  1955, The Atomic Nucleus, McGraw H i l l ,  pp. 652-3. 
La id ley ,  R. A. and McKay, D. S.,  1971, Contr. Mineral and P e t r o l  30, 336-42. 

TABLE I .  

SLa t e d  
--U- 

S A M L  E U Th 

Measured --- 
Sanpple Pa l+  

Count. Ra te  Count R a t e  

NCCC 5 6 P P ~  14.2 ppm 1 1020  03  0 2 3 t  004 

NCWE 5 4 p p ?  1 3  6 ppm 1 4 3 t 0  02 0212 002 

C a l c u l a t e d  --- .-- 
U ?h A e f f  C o r r e c t e d  

(uncorrc c t e d )  
OP 

NOTES FOR DIE FABLE 

BL-2, BL-3, D L - l  a r e  Canadian  C e t t i f i e d  
R e f e r e n c e  H a t e r i a l s  o b t a i n e d  from t h e  Nines  
Branch ,  555 Booth S t r e e t ,  Ot tawa KlA OCl w i ~ o  a l s o  
s u p p l i e d  d e t a i l e d  c o m p o s i t i o n  d a t a  f o r  c : l l c u l a t i o n  
o f  A e f f  

EL,-? and B P 3  a r e  s t a t e d  t o  b e  w i t h i n  ?OX o r  
b e t t e r  of  e q u i l i b r i u m  The equi l ib r ' iu r r :  s t a t u b  o f  
DL-l i s  n o t  known 

N o . 6  p i t c h b l e n d e  i s  from t h e  New Brunswick 
L a b o r a t o r y  of EKDA, Box 150 ,  ?!ew Brunswick ,  Sew 
J c r s e ~ ,  08963, 1 I . S  .i. I b i s  \ a s  a 5 s c 1 : ; ~ d  to have  

2 0  a p a r t  from uran ium o x i d e .  
A e f f  iCCC a i d  NCiE a r e  o b s i d i a n  i r o n  ::owherry 
C a l d e r a ,  Oregon,  C i n d e r c o n e  a n d  'h'cstcr'n !:ast Lake 
f lows  r e s p e c t i v e l y .  l! and Ih c o n t e n t s  a r e  from 
L a i d l e y  and McKay ( 1 9 7 1 ) .  

U n c e r t a i n t i e s  q u o t e d  a r e  a s s o c i a t e d  w i t h  
c o u n t i n g  s t a t i s t i c s  and  s a m p l e  a r e a s ;  no a c c o u n t  
is t a k e n  of t h e  (unknown) uncertainties i n  t h e  
c o n v e r s i o n  f a c t o r s .  - 

I h e  p a i r '  c o u n t  r a t ?  measured  i n c l u d e s  a  
s i g n i f i c a n t  p o r t i o n  o f  random p a i r s ;  t h e  111 c o u n t  
r a t e  i s  d e t e r m i n e d  by s u b t r a c t i n p  t h e s e  a n d  
m u l t i p l y i n g  t h e  r e m a i n d e r  by  26 9 .  The i o t t e t .  
f i g u r e  i s  c ~ l c o l a t e d  a l l o w i n g  f o r  p e o m c t r ) ,  t h e  
random e m i s s i b n  clime, a  random ( u p  t o  0 I s )  d e l a y  
t ime  i n h e r e n a  i n  t h e  719 t i n e r ,  a n d  t h e  6 
p a r t i c l e s  in  t h e  'Th c h a i n  

A  measured  backeround c o u n t  r a t e  o f  0 l l + 0 ; 0 2  
c / k s  f o r  t h e  1 3  6  cm2 ZnS d i s c s  h a s  b e e n  alToGed 

f o r ;  t h i s  was measured  c i t h  a c l e a n  l u c i t e  d l s c  
l a i d  o n  t h e  ZnS s c r e e n  W i t h o u t  t h i s  d i s c  t h e  
r a t e  was f i v e  t i m e s  l a r g e r , p r e s u m a b l )  d u e  t o  radon  
i n  t h e  a i r  o f  t h e  chamber .  

When a  s a m p l e  i s  n o t  d e t e r m i n e d  t o  b e  i n  
e q u i l i b r i u m  o n l )  a  l o w e r  l i r o i t  on t h e  U c o n t e n t  
c a n  b e  c a l c u l a t e d  and  t h i s  i s  s o  i n d i c a t e d  
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Figure  3: Pulse-height analysis 

CLEANING QUARTZ GRAINS 
Gary W. Carriveau 

Research Laboratory 
Metropol i tan  Museum of Art 

New York, New York l0028 

A simple method of c leaning  qua r t z  g r a i n s  using HF ac id  i s  descr ibed  i n  
t h e  fol lowing no te  ( see  a l s o ,  Langmyhr and Sveen, Anal. Chem. Acta, 32, 1, 196 
This  technique i s  q u i t e  u se fu l  a s  i t  al lows one t o  u se  only a  s i n g l e  beaker ,  
thereby  reducing t h e  chance of l o s i n g  c r y s t a l s .  Furthermore, when e tch ing  is 
completed, a d d i t i o n  of an  A l C 1 3  s o l u t i o n  p a c i f i e s  t h e  harsh  HF sol.ution and 
el. iminates t h e  problem of p r e c i p i t a t e d  f lou r ides .  

Sieved g r a i n s  (up t o  a  few hundred mil l igrams) a r e  ;laced i n  t h e  bottom 
of a  dry 100 m 1  Nalgene polypropylene beaker. ~ p ~ r o x i m a e e l y  5 m 1  of 49% HF 
a c i d  i s  slowly added. The mixture  i s  c a r e f u l l y  swir led  and then  allowed t o  
s i t  a t  room temperature f o r  30 minutes.  A t  t h e  end of t h i s  time, approximately 
50 m 1  of 25% AlC13  s o l u t i o n  is added. (This s o l u t i o n  i s  e a s i l y  prepared by 
p lac ing  t h e  contents  of a  s tandard  one pound j a r  of A l C l  6 H  0  c r y s t a l s  i n  a  
one l i t r e  b o t t l e  and f i l l i n g  i t  wi th  d i s t i l l e d  water . )  &te? swi r l i ng ,  t h e  
beaker is  placed i n  a  b o i l i n g  water  ba th  and t h e  s o l u t i o n  i.s s lowly s t i r r e d  
us ing  a Teflon covered s t i r r i n g  ba r  w i t h  a hot -p la te  s t i r r e r .  

Af te r  a  few minutes t h e  cloudy s o l u t i o n  w i l l  become c l e a r  (sometimes 
s l i g h t l y  yel low),  and t h e  cleaned g r a i n s  can be  r e t r i e v e d  by f i l t e r i n g  w i t h  
a g l a s s  f r i t  and vacuum appara tus .  When t h e  l a s t  of t h e  s o l u t i o n  has  been 
drawn o f f ,  t h e  c r y s t a l s  a r e  washed twice  us ing  d i s t i l l e d  water  and acetone. 
A f t e r  drying,  t h e  g ra ins  can be  loosened and removed from t h e  f r i t  by g e n t l y  
tapping over a  p i ece  of weighing paper. 

The procedure may be  changed for. l a r g e r  o r  smaller  samples by simply 
s c a l i n g  t h e  1 . i s ted  quant i . t ies .  



HINT'S FOR THE REDLJCT'ION OF SPlJRIOtJS TL 
S. R. Su t ton  & D. W. Zirnmerman 

Center f o r  Archaeometry 
Washington Un ive r s i t y  
S t .  Louis,  MO. 63130 

The use  of ovens t h a t  can be  evacuated and then f i l l e d  wi th  "oxygen-free" 
i n e r t  gas f o r  t h e  TL hea t ing  has  gene ra l ly  reduced spur ious  TL l e v e l s  t o  
n e g l i g i b l e  l e v e l s .  However, some f ine-gra in  samples from ceramics a r e  s t i l l  
found t o  be  obviously spur ious  ( ind ica t ed  by t h e  nonexistence of a p l a t eau  and 
t h e  c h a r a c t e r i s t i c  gradual  i n c r e a s e  i n  TL wi th  increas ing  temperature above 
" 300°C). And f r equen t ly  one wonders i f  a given sample i s  emi t t ing  a few per  
cent  spur ious  TL, not  q u i t e  enough t o  upse t  t h e  p l a t eau  but  neve r the l e s s  i n t r o -  
ducing perhaps a s  much as a 10% e r r o r  i n  t h e  da te .  Recently,  we made some 
measurements wi th  a low no i se  system ( l e s s  than 5 cps black body p lus  dark  
count a t  350°C) and found spur ious  s i g n a l s  of 5 t o  50 cps from a l l  of t h e  
£011 owing : 

1. 1 mg samples of "clean" 100 urn g r a i n s  of quar tz  and z i r con  
2. Mica 
3. Aluminum, b ra s s ,  nichrome, and s i l v e r  

We have had success  i n  reducing . these spurious l e v e l s  by inc reas ing  t h e  
p u r i t y  of t h e  atmosphere i n  t h e  oven. This  was accomplished by means of two 
f i l t e r s ;  one on t h e  vacuum l i n e  t o  s t o p  back d i f f u s i o n  of pump o i l  vapor i n t o  
the  TL oven, and one on t h e  i n e r t  gas  (argon) l i n e  t o  scavenge oxygen and water  
vapor from t h e  i .nert  gas ( see  F igure  1 ) .  

The coaxia l  t r a p  i s  from Veeco Instruments ,  Inc.,  Termi.na1 Drive, Plainview, 
N. Y. (with o f f i c e s  on a l l  con t inen t s  except  Af r i ca ) ,  Model VS-120, $138.00. The 
t r a p ' s  m e t a l l i c  absorbent  removes pump o i l  very  e f f ic ien t1 .y  and i s  claimed t o  work 
maintainance f r e e  f o r  many years .  The t r a p  s l i g h t l y  increased  pumping t ime t o  - 100 microns (because of reduced pumping speed) ,  bu t  below 100 microns evacuat ion 
was more r ap id  than  without  t h e  t r a p ,  i n d i c a t i n g  t h a t  cons iderable  o i l  d i f f u s i o n  
had been occurr ing.  Af te r  i n s t a l l a t i o n  of t h e  t r a p ,  we a l s o  found i t  possib1.e 
t o  remove t h e  beaker of P205 des i ccan t  from the  oven wi th  no apparent change i n  

) evacuat ion r a t e .  
f ,  

The oxygen/water-vapor t r a p  housing i s  a molecular s i e v e  t r a p  ( a l s o  from 
Veeco, Model TR-101, $175.00). It i s  f i l l e d  wi th  a mixture of molecular s i e v e  
beads (supplied wiph t h e  t r a p )  which absorb water vapor,  and a reagent  "Ridox" 
from Fisher  S c i e n t i f i c  Co., U. S, A. (with branches i n  ~ e r m a ' n ~ ,  Switzer land,  
Mexico, and Puerto Rico) No. R-30, which scavenges oxygen. The t r a p  housing 
conta ins  a h e a t e r  f o r  a c t i v a t i n g  t h e  molecular s i e v e  ma te r i a l  a t  200°C. The Ridox 
regent  is  ac t iva t ed  s imultaneously a t  t h e  same temperature by flowing a regenera- 
t i o n  gas (4-6% hydrogen i n  an i iner t  gas ,  e. g. helium, a non-explostve mixture)  
through t h e  housing. The product d a t a  s h e e t  from F i she r  g ives  t h e  d e t a i l s  f o r  
c a l c u l a t i n g  t h e  oxygen r educ t ion  t o  be expected and r egene ra t ion  procedure. 
For our  p a r t i c u l a r  t r a p ,  holding 30cc of Ridox, a flow r a t e  of 1 R/min, and 
assuming t h e  gas i n i t i a l l y  con ta ins  5 ppm oxygen, 95% o r  more of t h e  oxygen should 
be  removed f o r  a flow period of 80 hours.  Then t h e  u n i t  i s  regenerated.  



The b e n e f i t  of t h e  oxygen t r a p  was measured t o  some ex ten t  by use  of an 
oxygen meter (Teledyne, P. 0. Box 70, San Gabr ie l ,  Cal., 91776, Model 311). 
Although i n  p r i n c i p l e  capable of measuring oxygen l e v e l s  t o  0.1 ppm, t h e  
p a r t i c u l a r  meter we were us ing  was l i m i t e d  t o  a - 1 pprn by a small. Leak i n  t h e  
i n t a k e  manifold. Without t h e  oxygen t r a p ,  a l e v e l  of 3.5 pprn was measured 
d i r e c t l y  from the  argon tank,  and t h e  same wi th  t h e  meter connected on t h e  out- 
l e t  of t h e  TTd oven ( a f t e r  f i r s t  evacuat ing t h e  oven, then  r e f i l l i n g  w i t h  argon) .  
( I n c i d e n t i a l l y ,  t h e  argon t ank  came w i t h  a guarantee  of e0.5 ppm oxygen.) With 
t h e  oxygen t r a p  i n  p l ace  and a c t i v a t e d ,  t h e  output  from t h e  oven read- 1 ppm, 
and a s  mentioned above was be l i eved  t o  b e  t h e  l i m i t  of t h e  meter. No improve- 
ment was seen i n  oxygen l e v e l  by f l u s h i n g  t h e  gas,  a s  opposed t o  simply f i l l - i n g  
t h e  oven a f t e r  evacuation. Even hea t ing  a f ine-gra in  d i s k  t o  450°C, wi th  a 
s t a t i c  gas ,  t he  oxygen l e v e l  s t i l l  measured l ppm. The importance of evacuat ion 
was demonstrated by f l u s h i n g  t h e  oven a t  3 R/min f o r  5 min. from room p res su re  
without  f i r s t  evacuat ing t h e  oven; g iv ing  an  oxygen l e v e l  of 3000 ppm. 
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