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I. INTRODUCTION 

Dur ing the  p a s t  year ,  t h e  tremendous c a p a b i l i t i e s  o f  neutron-capture 

prompt y - ray  a c t i v a t i o n  a n a l y s i s  (PGAA) became apparent t o  a much wider  

community o f  p o t e n t i a l  users. P r i o r  t o  t h i s  year,  our  group and a aroup a t  

Los Alamos S c i e n t i f i c  Laboratory  (Gladney, C u r t i s  and Jurney) were the  on ly  

groups i n  the  U. S. w i t h  a major  involvement i n  development o f  reactor-based 

PGAA methods. 

(Vogt, Glascock e t  a1 1, f i n i s h e d  c o n s t r u c t i o n  of  a system and beaan major 

experiments. 

t h e  Four th  I n t e r n a t i o n a l  Conference on Nuclear Methods i n  Environmental and 

Energy Research a t  t h e  U n i v e r s i t y  o f  M issour i  i n  A p r i l ,  i t  i s  c l e a r  t h a t  the 

research community has recognized the  value o f  the  method and severa l  

a d d i t i o n a l  groups are s t a r t i n g  t o  b u i l d  f a c i l i t i e s  f o r  us ing  it. 

T h i s  yea r  a t h i r d  oroup, a t  t he  U n i v e r s i t y  o f  V i ssou r i  reac to r  

-- 
From con tac ts  w i t h  o t h e r  groups and, espec ia l l y ,  d iscuss ions  a t  

I n  t h i s  y e a r ' s  Report, we cover t h e  extensions o f  PGAA t o  severa l  new 

types o f  samples. 

s t ruck  by some of  t he  a t t r i b u t e s  of  PGAA, espec ia l l y  as app l ied  t o  c r u s t a l  

t ype  samples. Although PGAA i s  q u i t e  s e n s i t i v e  f o r  several t r a c e  elements 

(no tab ly  B, Cd, Sm and Gd), i t  i s  an e x c e l l e n t  technique fo r  major  elements i n  

t h e  E a r t h ' s  c rus t .  Py us ing  the  common geochemical technique i n  which one 

expresses the  masses of ma jor  elements as t h e i r  common oxides (i.e., l!a20, 

CaO, Si02, e tc . )  and summing t h e  we igh t  concentrat ions o f  the  ox ides (usua l l y  

o f  the  e i g h t  elements Na, K, Mg, Ca, A l ,  S i ,  T i  and Fe, which we normal ly  

observe), we t y p i c a l l y  account f o r  95 t o  100% o f  the sample mass. 

f e a t u r e  i s  e s p e c i a l l y  demonstrated i n  t h e  case of m. S t .  Helens ash and o ther  

vo l can ic  samples (Sect. 1 I I . B ) .  Desp i te  t h i s  good agreement, we f e e l  t h a t  the  

use o f  common ox ides i s  dubious and p l a n  t o  develop a method f o r  oxygen 

measurements i n  the  comina year.  

The more we i n v e s t i g a t e  new app l ica t ions ,  t h e  more we are 

Th is  

Al though i n  the  'w rk  we d i d  on Na t iona l  

1 0 1 9 2 0 2  
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Bureau o f  Standards (NBS)  standards (11, - we usua l l y  i r r a d i a t e d  samples f o r  12 

t o  24 h r s  i n  order  t o  o b t a i n  very good s t a t i s t i c s  on weak l i n e s ,  i n  t h i s  

r e p o r t  we show t h a t  good q u a l i t y  analyses can be obta ined i n  as s h o r t  as two 

hours ( shown i n  severa l  sec t ions) .  Add i t i on  o f  a second Ge( L i  ) de tec to r  

w i t h o u t  a NaI c r y s t a l  around it, which w i l l  occur soon (see Sect. I I . B ) ,  w i l l  

a l l o w  us t o  move t h e  Ge(L i )  de tec to r  much c l o s e r  t o  the  samples t o  increase 

coun t in?  e f f i c i e n c i e s  and f u r t h e r  reduce the  i r r a d i a t i o n  times needed t o  

achieve a g iven s t a t i s t i c a l  unce r ta in t y .  

Another major a t t r i b u t e  o f  PGAA, which becomes impor tant  f o r  study o f  a 

r a p i d l y  changing phenomenon such as the  M t .  S t .  Helens volcano, i s  t h a t  one 

ob ta ins  r e s u l t s  very ou i ck l y .  

i r r a d i a t i o n  i s  f i n i s h e d ,  one can have PGAA r e s u l t s  completed w i t h i n  a few 

hours a f t e r  r e c e i p t  of a sample. I f anyth ins unusual t u rns  up i n  the  resu l t s ,  

t h e r e  may be t ime t o  pursue i t  by c o l l e c t i o n  o f  a d d i t i o n a l  samples be fore  the 

phenomenon changes. Th is  r a p i d  turn-around t ime f o r  analyses i s  t o  be 

con t ras ted  w i th  ins t rumenta l  neutron a c t i v a t i o n  ana lys i s  ( INAA), which 

Since the  data a re  a1 1 a v a i l a b l e  as soon as the 

r e q u i r e s  about th ree  weeks f o r  complete analyses, o r  more convent ional  

chemical analyses, which r e q u i r e  several  days f o r  d i s s o l u t i o n  and separations. 

The l a t t e r  methods are, o f  course, s t i l l  of a r e a t  value, as they can be used 

t o  assay many species t h a t  cannot be observed hy I N A A .  

The PGAA method i s  c l e a r l y  go ing t o  be o f  cons iderable use i n  the  

a n a l y s i s  of energy-re la ted samples and, i n  p a r t i c u l a r ,  f o s s i l  fuels. We have 

a l ready  demonstrated t h e  a p p l i c a b i l i t y  o f  PGAA t o  coals  and f l y  ashes (1) and, 

d u r i n g  t h e  pas t  year, we beaan s tud ies  of o i l  shales, shale o i l  and o i l  (Sect. 

1 I I . A . ) .  

coa l  and f l y  ash, b u t  t he  shale o i l  and o ther  o i l s  are much more d i f f i c u l t  t o  

- 

The o i l  shales can be analyzed fo r  about  the  same elements and f o r  

analyze and w i l l  r e q u i r e  f u r t h e r  work dur ing  the  coming year. We a re  a lso 



beginning t o  analyze more b i o l o g i c a l  samples (Sect.  II.C.), b u t  they,  too,  are 

go ing t o  r e a u i r e  cons iderab le  more work as the  spect ra con ta in  many s t rong 

l i n e s  from C1 and the  concentrat ions o f  most elements t h a t  we observe i n  

c r u s t a l  samples are much lower i n  b i o l o g i c a l  samples. 

We have demonstrated a case o f  the ana lys i s  o f  a h igh  p u r i t y  type  of  

sample, namely h igh  p u r i t y  s i l i c o n  doped w i t h  var ious  amounts o f  B (Sect. 

1I.E.). Measurements o f  B were performed down t o  the  1 pg/g l e v e l ,  b u t  cou ld  

be taken down a t  l e a s t  another order  o f  magnitude by us ing  l a r g e r  samples and 

longer  i r r a d i a t i o n  t imes. 

0.2450.08 vg/g  i n  USGS rock  B I R - 1  (Nor th Caro l i na  Diabase). 

The lowest  P concen t ra t i on  measured so f a r  has been 

Some o f  t he  most impor tan t  app l i ca t i ons  o f  PGAA a r e  going t o  be those i n  

t h e  f i e l d  us ing  p o r t a b l e  neutron sources, e.g., mon i to r i ng  t h e  composi t ions o f  

process streams i n  f o s s i l  f u e l  o r  o ther  i n d u s t r i e s ,  geo log ica l  prospect ing,  

s tud ies  o f  p lanetary  surfaces, etc. Dur ing the  pas t  year  we i n i t i a t e d  a small 

s t e p  i n  t h a t  d i r e c t i o n  by c o l l a b o r a t i n g  w i t h  D r .  Joseph H a r r i s  o f  Sandia Corp. 

on s tud ies  of  sandstone r e l a t e d  t o  the  use o f  bore-hole l ogg ing  data (see 

Sect. 1I.D). 

Ole of t he  d i f f i c u l t i e s  encountered i n  t h e  development o f  PGAA has been 

t h e  lack  of  de ta i l ed ,  r e l i a b l e  l i s t s  o f  t he  bes t  y rays  t o  use f o r  t he  

analyses fo r  var ious  elements alona w i t h  the  i n te r fe rences  w i t h  these y rays 

t h a t  can be expected. 

on s tud ies  of elemental and simple compound spect ra taken f o r  31  elements t h a t  

we have observed i n  one k i n d  o f  sample o r  another (Sect. 111). 

t a b u l a t i o n s  have been publ ished i n  t h e  t h e s i s  o f  Dr .  M. P. F a i l e y ,  t he  f i r s t  

s tudent  i n  the  group t o  rece ive  a Ph.D. p r i m a r i l y  f o r  PGAA work. 

We have produced tabu la t i ons  o f  t h i s  in fo rmat ion  based 

These 

As we an t i c ipa ted ,  once we were ab le  t o  demonstrate t h e  a p p l i c a b i l i t y  o f  

PGAA t o  var ious  types of  problems, we began t o  develop i n t e r e s t  i n  o the r  

1 0 ? ~ 2 1 j l i  5 
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agencies f o r  funding o f  p r o j e c t s  t h a t  would use PGAA. As noted i n  Sect. V,  we 

a n t i c i p a t e  funding from the U,, S. Department o f  A a r i c u l t u r e  f o r  t h e  

development o f  s tah le - iso tope t r a c e r s  f o r  use i n  humans. Funding has a l s o  

been obta ined f o r  var ious  s tud ies  o f  volcanoes i n  p a r t  on the  bas i s  o f  the  

e x c e l l e n t  r e s u l t s  ob ta inab le  by P G A A .  

Although much has been accomplished du r ing  the  pas t  year  on t h i s  p r o j e c t ,  

as we had a n t i c i p a t e d  f o r  two reasons 

1979, t h e  NBS r e a c t o r  developed 

r a p i d  

Sept. 

progress i n  some areas was n o t  as 

t h a t  were beyond our  con t ro l .  I n  

problems w i t h  the  shim-rod c o n t r o  

se r ious  enough t h a t  i t  requ i red  a 

s i n s  de t h e  reactor .  The problem was 

considerable amount o f  work t o  be done 

i n s i d e  of the  reac tor .  For t h i s  reason, the  r e a c t o r  was shut  down from Sept., 

1979, u n t i l  March, 1980. For tunate ly ,  the  work was successful  and the  reac to r  

i s  again runninrJ smoothly. 

m idd le  of an upgrading o f  t he  da ta -acqu is i t i on  and - t reatment  sys ter ,  t h e  

suppl i e r ,  Tennecomp, went bankrupt, 1 eav i  ng the  conversion i ncompl ete.  

Second, as discussed i n  Sect. II.C., r i p h t  i n  the 

6 
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11. NEW TYPES OF SAMPLES 

A. Energy-Re1 a ted  Samples 

Several types o f  energy- re la ted  ma te r ia l s  were analyzed by PGAA as 

repo r ted  a t  the  Missour i  Conference ( 2 ) .  - 
f o r  t h e  de terminat ion  o f  up t o  17 elements i n  coal  and coal  f l y  ash standards 

i n  l o n g  (15 t o  20 h r s )  i r r a d i a t i o n s  was p rev ious l y  demonstrated (1). - We have 

now found t h a t  f o r  much s h o r t e r  i r r a d i a t i o n  t imes ( 2  t o  3 h r s ) ,  t h e  elements 

B, Na, A l ,  S, C 1 ,  K, T i ,  Fe, Sm and Gd i n  power-plant coal  samples can be 

r o u t i n e l y  analyzed (see Table 1, l a s t  column). 

The e f fec t i veness  of  t he  technique 

A number o f  o i l - s h a l e  and shale-of1 samples were obta ined from C. L. 

Wilkerson o f  B a t t e l l e  Northwest Laborator ies,  and were analyzed by PGAA 

(Tables 2 and 3) .  For the  o i l  shale, 2.5-hour i r r a d i a t i o n s  were s u f f i c i e n t  t o  

p rov ide  accurate de terminat ion  of  14 elements: H, B, Na, Mg, A l ,  S i ,  S, K, 

Ca, T i ,  Fe, Cd, Sm and Gd. 

Samples o f  two types o f  shale o i l s  (bo th  ground- level -  and i n  s i t u -  

de r i ved  shale o i l s ) ,  as we l l  as SRM 1634 (P6 f u e l  o i l ) ,  and bo th  h i g h - s u l f u r  

and l o w - s u l f u r  f u e l  o i l s  obta ined from Potomac E l e c t r i c  Power Co., were 

i r r a d i a t e d .  The r e s u l t s  are g i ven  i n  Tables 3 and 4. The PGAA method proved 

t o  be very r e l i a b l e  f o r  t he  de terminat ion  o f  V i n  t he  SRM and h i g h - s u l f u r  o i l ,  

w h i l e  S was r e a d i l y  measured i n  a l l  t he  o i l s  tested.  I n  a d d i t i o n  t o  S, bo th  B 

and N cou ld  be analyzed i n  the  shale o i l  samples. Peaks from these elements 

a r e  p resent  i n  the  spectra,  b u t  we have no t  y e t  measured the concentrat ions.  

7 
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Table 3. Concentrations o f  Boron, Nitrogen a n d  S u l f u r  i n  Sha le  O i l s  

E l  emen t Above Ground Shale  Oil In situ Shale  Oil 

PGAAa Otherb PGAAa Otherb 

0.520.2 - 
N ( X )  1.332 0.05 - 0.83k 0.02 - 
s ( X I  0.8120.02 0.82 0.71+0.05 0.72 

 TWO i r r a d i a t i o n s  o f  18 h o u r s  each. 
bC. L. W i  lkerson, Rattelle Northwest, p r i v a t e  communication, 1980. 

Tab le  4. Concentrations of S u l f u r  a n d  Vanadium i n  #6 Fuel Oils 

Element SRM 1634 H i g h  S u l f u r  Low Sul fu r  

PGAAa N B S ~  PGAAC Otherd PGAAe Otherd 

s ( X I  2.2120.07 2.1420.02 2.2420.11 2.3 0.67k0.10 0.5 

aThree 1 r r a d i  a t 1  ons o f  approximately 18 h ours  each. 
b c e r t i  f i e d  values. 
cone 1-1/2 hour i r r a d i a t i o n .  
dS values suppl ied  by Potomac Electric Power Company. 
eOne 18-hour i r r a d i a t i o n .  

1 0 1 9 2 0 9  10 



B. ' Vo lcanic  Samples 

Some o f  t he  most dramat ic  demonstrations o f  the  value o f  PGAA have come 

from our a p p l i c a t i o n s  o f  the  method t o  a few rep resen ta t i ve  sampes o f  vo l can ic  

m a t e r i a l s  ( c o l l e c t e d  under support  o f  o the r  p r o j e c t s  funded by NSF and NASA o r  

g iven  t o  us by o t h e r  i n v e s t i g a t o r s ) .  Yellow depos i ts  are f reouen t l y  found 

near volcanoes. Since most such deposi ts  t ha t  have been analyzed con ta in  

ma in ly  s u l f u r ,  i n v e s t i g a t o r s  have usua l l y  assumed t h a t  a l l  s i m i l a r  deposi ts  

a re  sul  fur .  As r e p o r t e d  i n  p r e l  iminary form i n  the  1979 Progress Report  and, 
v 

i n  more d e t a i l  i n  Ref. - 4, PGAA q u i c k l y  revealed t h a t  some y e l l o w  depos i ts  (and 

o t h e r s  rang ing  f rom w h i t e  t o  brown) c o l l e c t e d  near M t .  Erebus i n  A n t a r c t i c a  

conta ined l i t t l e  s u l f u r ,  rang ing  from 0.7 t o  10.9%. 

by ins t rumenta l  neu t ron  a c t i v a t i o n  ana lys i s  ( I N A A ) ,  showed t h a t  t he  deposi ts  

conta ined l a r g e  amounts o f  Na, A1 and halogens (C1 and F). I n  pa r t ,  prev ious 

f a i l u r e s  t o  i d e n t i f y  t h e  depos i ts  were probably t h e  r e s u l t  o f  the  f a c t  t h a t  we 

f i n d  t h a t  they a r e  q u i t e  so lub le ;  thus, they are  very f r a g i l e  i n  the  

environment under normal circumstances. The very c o l  d, d ry  environment o f  the 

These analyses, augmented 

v i c i n i t y  o f  M t .  Erebus, however, preserved these deposits. Fu r the r  

i n v e s t i 9 a t i o n  of t he  depos i ts  c o l l e c t e d  by the  Maryland group and P r o f .  

W i l l i a m  Rose of  t he  Michicran Technical Un ive rs i t y ,  us ing  x- ray d i f f r a c t i o n ,  

has revealed severa l  m ine ra l s  present i n  the  deposi ts:  FeC13.6H20 

(hydromolysi  t e )  and severa l  new minera l  s, A l  F3, NaAl404C15, and 

NaA1404(Cl ,F)5. 

Fo l low ing  t h e  r e c e n t  e rup t ions  o f  Mt.  S t .  Helens i n  the  S ta te  o f  

Washington, we were a b l e  t o  c o l l e c t  more ye l l ow  depos i ts  be fore  they had an 

o p p o r t u n i t y  t o  be d i s s o l v e d  away. 

s u l f u r .  

Some ye l l ow  depos i ts  are, indeed, ma in ly  

However, o t h e r  y e l l o w  depos i ts  w i t h  s l i g h t l y  d i f f e r e n t  appearances 

a r e  found t o  be s i m i l a r  i n  composi t ion t o  those discovered a t  Mt .  Erebus. 

11 



Concentrat ions of  rep resen ta t i ve  depos i ts  from M t .  S t .  Helens, M t .  Erebus and 

K i lauea i n  H a w a i i  a r e  shown i n  Table 5. Although the f i r s t  t w o  a r e  no t  

i d e n t i c a l ,  they a r e  s i m i l a r  i n  t h a t  they have s i ibs tan t ia l  concent ra t ions  o f  

Na, A1 , Fe and halogens and modest amounts o f  S. By cons t ras t ,  t h e  Ki lauea 

d e p o s i t  i s  the t r a d i t i o n a l  " ye l l ow  depos i t "  associated w i t h  volcanoes, be ing 

n e a r l y  pure su l fur .  

The r e s u l t s  again demonstrate the  specia l  value o f  PGAA i n  geochemical 

s tud ies ,  as the elements measurable o f t e n  account f o r  a major p o r t i o n  o f  the 

mass o f  the  samples. 

f o r  47, 74 and 100% o f  t he  masses o f  t he  th ree  deposits. Much o f  the  miss ing 

mass i n  the  f i r s t  two samples i s  probably  oxygen. Of ten one can est imate the 

mass o f  the  oxygen by express ing  the  major elements i n  terms o f  t he  masses o f  

t h e i r  common oxides (e.g., Na20, Fe203, Si02), as we've done below. It would 

probably  n o t  be accurate t o  use t h a t  method on these samples because of the 

unusual na ture  o f  t he  minera ls .  

I n  Tab le  5, we see t h a t  the measured elements account 

Much o f  the miss ing mass i n  the  f i r s t  sample 

may be t h a t  of F, which we d i d  n o t  measure. 

need f o r  a r e l i a b l e ,  s imple method f o r  determinino oxyoen concentrat ions,  a 

problem t h a t  we address i n  t h e  proposal  f o r  next y e a r ' s  work. 

These r e s u l t s  demonstrate the  

Table 6 shows r e s u l t s  o f  analyses o f  o ther  vo lcan ic  samples. Columns 2 

t o  6 con ta in  r e s u l t s  of  analyses o f  f resh  ash samples t h a t  f e l l  t o  the  ground 

a t  va r ious  distances from M t .  S t .  Helens fo l low ing  the massive e r u p t i o n  o f  May 

18, 1980. The data from Mt. S t .  Helens show some i n t e r e s t i n g  t rends w i t h  

d is tance,  e.g., i nc reas ing  concent ra t ions  o f  S i ,  B, C1 , and K, and decreasing 

Mg, A1 , Ca, T i ,  V and Fe. 

d e t a i l e d  geochemical and atmospheric t ranspor t  i n t e r p r e t a t i o n s  o f  t he  data. 

However, these data a l so  demonstrate useful features o f  PGAA as app l i ed  t o  

geochemical samples, i n  general ,  and vo lcanic  samples i n  p a r t i c u l a r .  F i r s t ,  

It i s  beyond the scope o f  t h i s  r e p o r t  t o  g i v e  
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s ince these ashes and lavas  undoubtedly c o n s i s t  o f  r a t h e r  common minera ls  

( u n l i k e  the  deposi ts  discussed above), i t  should be safe t o  account f o r  the  

oxygen by t a k i n g  the  sums o f  the major elements expressed as t h e i r  common 

oxides. We have done so and show the r e s u l t s  i n  Table 6. We have inc luded 

on ly  t h e  ox ides o f  t he  e i g h t  major and minor elements Na, Mg, A I ,  S i ,  K, Ca, 

T i  and Fe i n  those sums and f i n d  t h a t  the  sums range from about 93 t o  101% o f  

the  t o t a l  mass. 

Table 6. 

s h o r t e r  i r r a d i a t i o n s ,  we see t h a t  those o f  on l y  two t o  th ree  hours y i e l d  q u i t e  

use fu l  r e s u l t s .  

even s h o r t e r  runs should become poss ib le  when we a t t a c h  the  second de tec tor  t o  

our  beam l i n e .  As i t  w i l l  have no NaI c r y s t a l  around it, we can move i t  

c l o s e r  t o  the  de tec to r  t o  achieve h igher  count ing  e f f i c i e n c i e s ,  thus reducing 

i r r a d i a t i o n  t imes needed t o  ob ta in  the  same u n c e r t a i n t i e s  as w i t h  o w  present  

detector .  

Second, we have l i s t e d  the i r r a d i a t i o n  t imes a t  the bottom of 

Although the  u n c e r t a i n t i e s  tend t o  be somewhat g rea ter  f o r  t he  

Fur ther  improvements i n  t h e  a u a l i t y  o f  data a v a i l a b l e  from 

The t h i r d  advantage o f  PGAA as app l i ed  t o  an a c t i v e  volcano i s  t h a t ,  i f  

necessary, t he  analyses can be a v a i l a b l e  w i t h  i n  a few hours a f t e r  r e c e i p t  o f  

the  samples. Since the  spec t ra  are taken du r ing  the  i r r a d i a t i o n ,  r e s u l t s  are 

a v a i l a b l e  as soon as the  spectrum can be run  through the  data-reduct ion 

program on the  TP-5000 system, which requ i res  on ly  a few minutes. 

turn-around t ime of analyses, which may be impor tan t  i n  a r a p i d l y  changing 

s i t u a t i o n  such as an a c t i v e  volcano, i s  t o  be cont ras ted  w i t h  the  several-week 

p e r i o d  requ i red  f o r  complete I N A A  s tud ies  o r  several-day per iods t o  d i sso l ve  

samples, e tc .  if chemical methods are  used. 

The quick 

We a r e  a l so  ana lyz ing  samples o f  suspended p a r t i c l e s  c o l l e c t e d  i n  plumes 

from M t .  St .  H e l m s  w i t h  a i r c r a f t .  

c louds was c o l l e c t e d  by a NASA U-2 a i r c r a f t  and analyzed by PGAA. 

A s e t  o f  samples o f  the  i n i t i a l  e r u p t i v e  

The r e s u l t s  

13 
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i n d i c a t e  t h a t  the composi t ion o f  suspended p a r t i c l e s  i n  t h e  plume i s  d i f f e r e n t  

f rom the  ash t h a t  f a l l s  t o  the  ground. As shown i n  Table 7,  t h e r e  i s  a 

d e f i n i t e  f r a c t i o n a t i o n  of  composi t ion versus a1 t i t u d e .  

r a t i o  increases from 3.7 t o  4.4 from 43  t o  58 thousand f e e t .  Such a 

f r a c t i o n a t i o n  had been p r e d i c t e d  by vo l cano log is t s ,  b u t  u n t i l  these samples 

were analyzed by PGAA, no hard evidence fo r  the  e f f e c t  ex i s ted .  

f r a c t i o n a t i o n  i s  p r i m a r i l y  due t o  the  means o f  p roduc t ion  o f  t h e  ash from the 

magma and the  o l d  rock o f  the mountain t ha t  was broken up by the  fo rce  o f  the  

May 18 explosion. 

For  example, t he  S i / A l  

The 
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Tahle 5. Resul ts  o f  PGAA Stud ies  on B r i g h t  Yellow Deposi ts  from Three 
Volcanoes 

Element Concentrat ion ( %  by weight un less noted) 

M t .  S t .  Helens M t .  Erebus K i  1 auea 
( c r a t e r  1 ( r i m )  (1971 fumarole) 

H 4.3720.01 3.6220.04 - 
B (ug/9) 45.42 0.5 1 0 . e 0 . 2  1.*0.2 

F - 342 4 - 
Na 1.620.2 3.0820 . n? - 
A1 7.320.3 1 3 . e 0 . 3  - 
S i  - 5.220.5 - 
S 

c1 

8.520.6 

19.2kO.l 

0.6620.03 99.9420.16 

7.0120 .Of; - 
K 0.392 0.06 1.552 0.05 - 
Ca 

T i  

1.92 0.2 

0.1420.03 

1.7120.08 

0.27k0.01 

Mn (vg/g) 40& 70 

Fe 3.520.3 

143Oi20 

2.9120.03 

Cd (Pg/g) (0.05 22.120.2 0.0720.03 

Sm h g / g )  0.542 0.02 

Gd ( I J ~ / ~ I  0.620.3 

8.5& 0.02 

6.32 0.2 

To t a l  47% 74% 100% 
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Table  7. 

A1 t i t u d e  ( f t )  Concentrat ion (pg/m3) (STPI S i  /A1 

Concentrat ions o f  Elements Borne by P a r t i c l e s  i n  Plume from t h e  
May 18 E r u p t i o n  o f  M t .  S t .  Helens 

S i  A1 c1 

43,000 850 230 4.0 3.97 

46,000 740 180 1.5 4.11 

50,000 550 130 1.0 4.23 

58,000 1100 250 2.2 4.40 
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C. B i o l o g i c a l  Samples 

We have beaun t o  exDlore the  iiso o f  PGAA as app l ied  t o  samples o f  human 

t i s s u e  and f l u i d s  and t o  an unusual type of  f i s h .  Dr .  Robert Henkin a t  

Georgetown U n i v e r s i t y  Medical  Center suppl i e d  samples o f  blood, which we 

f reeze -d r ied  p r i o r  t o  ana lys i s .  Only one sample was analyzed by PGAA, w i t h  

r e s u l t s  shown i n  Table 8. A t  p resent  we have been able t o  analyze f o r  on ly  

t h e  s i x  elements l i s t e d .  

prompt y-ray l i n e s  d i s t r i b u t e d  over t h e  spectrum t h a t  i t  w i l l  be d i f f i c u l t  t o  

Ch lo r ine  i s  so s t rong ly  a c t i v a t e d  and has so many 

observe many more elements by PGAA u s i n g  f reeze-dr ied  whole blood. 

as a p a r t  o f  our p r o j e c t  on s tab le - i so tope  t race rs  (see Sect. V I ,  we are  

develop ing some chemical separa t i on  procedures. I f we ob ta in  samples from 

which C1 has been l a r g e l y  removed, we w i l l  run them on PGAA t o  see i f  

However, . 

addi  t i o n a l  elements can be observed. 

I n  our  s tab le - iso tope study, we a re  main ly  us ing  inst rumenta l  neutron 

a c t i v a t i o n  ana lys is  (INAA) and i n  Table 8, we compare the  r e s u l t s  f o r  t h r e e  o f  

t h e  elements and a l so  l i s t  da ta  f rom the  l i t e r a t u r e .  The agreement i s  q u i t e  

reasonable among the va r ious  s e t s  o f  data, except f o r  su l fu r .  However, I N A A  

i s  n o t  very s e n s i t i v e  f o r  S i n  t h i s  type  o f  sample and i t  was n o t  observed i n  

two o f  the  four samples analyzed by I N A A .  Thus, the average o f  a l l  f o u r  

samples ( f r o m  d i f f e r e n t  people)  i s  su re l y  much l e s s  than 12 mg/g. 

I n  Table 9 we show analyses o f  l i v e r  samples from a hunan, f rom cows and 

For most elements, the  concentrat ions o f  t h e  observed f rom an A n t a r c t i c  f ish.  

elements a r e  comparable among t h e  th ree  types o f  l i v e r ,  usua l l y  agreeing 

w i t h i n  a f a c t o r  of two. The major  except ion t o  t h i s  i s  Cd which i s  more than 

o r d e r  of magnitude h ighe r  i n  t h e  hunan and f i s h  l i v e r  than i n  the  bov ine 

l i v e r .  

element. 

Cadmium i s  w e l l  known t o  be a cumulative, p o t e n t i a l l y  t o x i c  t r a c e  

I n  view o f  t h e  much longer  l i f e  o f  humans than cows and the  exposure 

18 
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of humans t o  e leva ted  l e v e l s  o f  Cd r e s u l t i n o  from anthropogenic a c t i v i t i e s ,  i t  

i s  not s u r p r i s i n a  t h a t  the concent ra t ion  i n  human l i v e r s  i s  much h ipher .  

The A n t a r c t i c  f i s h ,  D issos t ichus  mawsoni, 1 i v e  deep i n  the Ross Sea o f f  

the  coas t  o f  A n t a r c t i c a  and appear t o  be one o f  the  most unique f i s h  i n  

ex is tence.  

b lood  t o  car ry  02 and CO2, b u t  ins tead are be l i eved  t o  depend on the  na tu ra l  

s o l u b i l i t y  o f  those gases i n  f l u i d s  a t  the very low temperatures o f  t he  

They have very l i t t l e  hemoglobin o r  o ther  chemical agents i n  t h e i r  

A n t a r c t i c  Ocean. 

ages g rea te r  than 100 years.  

The f i s h  grow t o  40-kg mass and are suspected o f  l i v i n g  t o  

Our i n t e r e s t  i n  them stems from the  p o s s i b i l i t y  

o f  observ ing b ioaccumulat ion over these very l o n g  l i f e t i m e s .  Since they 1 i v e  

i n  t h e  most p r i s t i n e  water on Earth,  i t  i s  somewhat su rp r i s inp  t h a t  t h e i r  

l i v e r s  con ta in  Cd i n  amounts comparable t o  those o f  humans, b u t  t h i s  may 

s imply  be a man i fes ta t i on  o f  t h e i r  l ong  l i v e s  and accumulation times. 

l i f e t i m e s  o f  the  f i s h  can be "ca l i b ra ted "  i n  terms o f  s ize o r  some o the r  

fea ture ,  one cou ld  perhaps use them t o  observe lono-term e f f e c t s  of  

I f  the  

anthropoGenic m o b i l i z a t i o n  o f  t o x i c  elements by f o s s i l  f u e l  combustion and 

o t h e r  i n d u s t r i a l  processes. 

1 0 1 9 2 1 8  19 



Table 8. Concentrat ions o f  Elements Observed i n  Freeze-Dried Human Blood by 

PGAA and Comparisons w i t h  Other Data 

Element Concentra t i  on (rng/q ) a  

P G A A ~  I NAAC Otherd 
- 

H 

C 

N 

s 

c1 

K 

74.30.3 ( 1 )  

380?35 (1 )  

1 6 e 5  (1) 

5.420.5 ( 1 )  1223 ( 2 )  8.05 (137) 

R.0?0.1 ( 1 )  8.321.8 ( 4 )  13.6 (405) 

7.720.2 (1) 7.551.9 (4) 7.65 (127s) 

aNumber o f  samples i n d i c a t e d  i n  parentheses. 

buncer ta in t y  represents  the expected s tandard d e v i a t i o n  o f  t he  a n a l y t i c a l  
measurement and does n o t  incude r e a l  sampl e-to-sample va r ia t i ons .  

CUncertainty i s  the observed s tandard d e v i a t i o n  amona the two o r  f o u r  

dBased on Ref. 5, which g ives  concen t ra t i ons  i n  mg/L o f  whole blood. 

sampl es . 
est imated concent ra t ions  i n  f reeze -d r ied  b lood assuming a dens i t y  o f  whole 
b lood o f  1.06 g/ml and t h a t  t he  s o l i d  res idue conta ins  20% o f  t he  mass o f  
whole b lood (based on our observa t ions  d u r i n g  f reeze-dry ing) .  

We have 
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I .  

Table 9.  Concentrations of Elements i n  Liver Samples as Determined by PGAA 

Element Concentration (dry wei g h t  basi s for  freeze-dried samples 1 

Human Bovine Li verb D i  ssostichus 
C a da ve ra (SRM 1577) mawsonic 

9.852 0.1 1 

6.&1.0 

662 3 

13.520.1 

0.94t0.02 

0.2P20.0S 

1.00~0.01 

0.8620.01 

1.15+0.02 

0 2920.07 

9.620.2 

r0.06 

6.8t0.3 

3.22 0.2 

522 2 

10.420.3 

0.31t0.06 

- 
0.722 0.02 

0.3hO. 01 

1. OOt 0.03 

0.2 72 0.06 

9.4820.03 

4.720.5 

64t 3 

5.720.2 

0.39r 0.05 

<O. 16 

0.552 0.22 

0.47t0.01 

0.7120.02 

(0.11 

3.220.2 

aObtained from Or. S. H. Harrison, NBS. 

bRef. - 1. 

CObtained from Dr. A r t h u r  DeVries of the University of Wisconsin; total  f i s h  
was 1.24 m long and weighed 23.1 kg.  
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D. Neutron-Capture Cross Sect ion o f  Bore Hole Samples 

A g r e a t  deal o f  work has been done on the use o f  neutron i r r a d i a t i o n s  i n  

bore  ho les  t o  l e a r n  about the  composi t ion o f  var ious  s t r a t a  through which the 

bore  ho es penetrate.  

l o g g i n g  o f  we l l s ,  one must have f a i r l y  good know1 edge o f  t he  neutron-absorbing 

p r o p e r t  es o f  t he  major ma t r i ces  around the  bore hole. D i r e c t  measurements o f  

neut ron  absorp t ion  p r o p e r t i e s  o f  bu lk  m a t e r i a l s  can be made, b u t  o f t e n  the  

core  samples obta ined a r e n ' t  l a r g e  enough t o  do the  measurements. 

i s  an e s p e c i a l l y  s e n s i t i v e  method f o r  observ ing elements w i t h  h igh  neutron- 

capture  c ross  sect ions,  i t  migh t  be much more convenient t o  use P G A A  t o  

measure t h e  concent ra t ions  o f  a l l  elements w i t h  h igh  cross sect ions.  

cross sec t ions  f o r  most elements vs. neut ron  energy are  we71 known, one cou ld  

perhaps compute the  neutron-absorpt ion p r o p e r t i e s  f o r  neutrons o f  any energy 

I n  o rder  t o  ob ta in  maximum, accurate i n fo rma t ion  from 

Since PGAA 

As the  

more accu ra te l y  than they cou ld  e a s i l y  be measured. 

We a r e  c o l l a b o r a t i n g  w i t h  Dr .  Joseph H a r r i s  o f  the  Sandia Corpora t ion  on 

a t e s t  o f  t h e  hypothes is  descr ibed above. 

propagat ion i n  rocks and s o i l  r e l a t e d  t o  bore-hole exp lo ra t i ons  f o r  uranium. 

He has supp l ied  us w i t h  severa l  samples o f  sandstone, which we have analyzed 

f o r  t he  elements observable by PGAA. Table 10 shows r e s u l t s  o f  our  analyses 

of t h ree  samples of  the  same mate r ia l .  There i s  q u i t e  qood agreement amon9 

the  th ree  analyses desp i te  the  f a c t  t h a t  two o f  t he  samples were i r r a d i a t e d  

f o r  very s h o r t  times. 

s e c t i o n  of  t h e  sandstone d i r e c t l y  by p l a c i n g  samples o f  i t  i n  the  ARMF r e a c t o r  

a t  Idaho F a l l s  and observ ing  the  r e s u l t a n t  changes o f  r e a c t i v i t y .  

a r e  now be ing  analyzed. 

nex t  yea r  as, if i t  becomes successful ,  i t  w i l l  represent  a l a r g e  improvement 

i n  ones a b i l i t y  t o  i n t e r p r e t  f i e l d  data. 

He i s  engaged i n  a study o f  neutron 

Independently, Dr .  H a r r i s  has measured the  c ross  

The data 

We p lan  t o  cont inue t h i s  c a l l a b o r a t i v e  e f f o r t  i n t o  
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Table 10. Concentrations o f  Elements i n  Samples from a Sandstone Rore-Hole 

Element Concentration 

Core 

SarnDle 1 SamDle 2 Samnle 3 Ava.20 

13.59 

1.59 

c0.37 

4.42 

38.1 

- 
45 

2.06 

0.53 

656 

c0.23 

1.19 

2.38 

2.6 

13.70 

1.50 

0.3 (20.1) 

4.31 

35.7 

700 (2300) 

69 

1.97 

0.53 

60 5 

0.22 (+0.04) 

0.89 

2.19 

2.6 

13. S 5  

1.44 

t0.38 

4.28 

36.1 

- 
c 120 

2.03 

0.54 

640 

c0.37 

1.03 

2.16 

2.5 

13.620.1 

1.51+0.08 

0.30. l a  

4.3450.07 

36.65 1.3 

70& 300a 

57517 

2.022 0.05 

0.5320.01 

6342 26 

0.222 0.04a 

1.042 0.15 

2.2420.12 

2.620.1 

Irradiation 2.3 20 
time (hrs) 

1.0 

aRefl ec t s  s t a t i s t i ca l  uncertainty for  only Sample C2. 

1 0 1 9 2 2 2  23 



1 

E. Boron i n  Semiconductor S i l i c o n  

Boron i s  one o f  t he  two most common dopant elements added t o  h iph  p u r i t y  

s i l i c o n  i n  manufactur ing o f  semiconductor devices. 

e a s i l y  measured by convent ional  t race  element procedures, espec ia l l y  

ins t rumenta l  methods. However, PGAA has e x c e l l e n t  s e n s i t i v i t y  f o r  B; i n  f ac t ,  

we have been able t o  measure B concent ra t ions  i n  nea r l y  every sample ever 

analyzed on the system. 

478 keV has f o u r  in te r fe rences ,  the  major  one be ing  a Na l i n e  a t  472 keV t h a t  

can be reso lved by our  de tec tor  i f  much Na i s  present.  

de termina t ions  i s  1 i m i  t e d  p r i n c i p a l l y  by u n c e r t a i n t y  i n  the background a r i s i n g  

from capture  o f  s t r a y  neutrons i n  the  B4C used t o  s top neutrons around the 

beam tube. This  background corresponds t o  about 0.5 Dg o f  B a t  the  sample 

p o s i t i o n .  

I t s  concent ra t ion  i s  n o t  

The d e s t r u c t i v e  Doppler-broadened capture y r a y  a t  

The accuracy o f  B 

I n  o rder  t o  demonstrate the a p p l i c a b i l i t y  of  PGAA t o  t h i s  c lass  o f  h iah  

p u r i t y  samples and t o  a i d  i n  the eventual  development of standards, we 

analyzed a se r ies  o f  S i  samples doped w i t h  B. The samples, i n  the form o f  

l l -m diam disks,  were obtained from W. R. Thurber o f  the  E lec t ron  Devices 

D ivs ion  of NBS. 

t o  1000 ug/g. The B concent ra t ion  i n  one of  t he  samples, p lus  a se r ies  n o t  

They had been doped w i t h  B i n  nominal concentrat ions from 2 

had been measured by the  nuclear t rack  technique 

i n  i r r a d i a t i o n s  o f  11 t o  160 min l eng th  a re  

reasonabl e correspondence between the measured 

a l though the  l a t t e r  a re  n o t  very accura te ly  

nominal ly  2 pg/g  sample i s  q u i t e  poor; however, 

by the  t r a c k  method, f o r  which the 

was supposed t o  be blank, b u t  

ank, which we f i n d  t o  conta in  €0.6 

i nc luded  i n  those we obta ined 

( 6 ) .  - Concentrat ions observed 

l i s t e d  i n  Table 11. There i s  

va lues and the nominal values 

known. The agreement f o r  the  

t h i s  was f o r t u n a t e l y  the  samp e measured 

r e s u l t  agrees w i t h  ours. Samples 521-65 

obv ious ly  i t  i s  not. Dow-21 i s  a t r u e  b 
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p Q / a  o f  B.  

concentrat ions taken by another  g r o u p  a t  NBS us ing  H a l  1 - e f f e c t  measurements. 

we have t e s t e d  the F measurement method hy ana lyz ing  NRS 

We are  expec t ing  t o  ob ta in  some i n d i r e c t  measurements o f  the  B 

SRM 611),  which y i e l d e d  r e s u l t s  i n  ag remen t  w i t h  the  accepted 

I n  the meantime 

standard glass 

value. 

Th is  study demonstrates t h a t  the system can be used t o  measure B 

concentrat ions down t o  the  v i c i n i t y  o f  1 ug/g. 

push the  l i m i t  down by a t  l e a s t  another order  o f  magnitude i f  l a r g e r  amounts 

o f  ma te r ia l  a re  a v a i l a b l e  and one i s  w i l l i n g  t o  i r r a d i a t e  samples f o r  12 t o  24 

hours. Note tha t ,  i n  t h i s  study, samples o f  about 100 mo were used vs. the 

usual 1 g and t h a t  i r r a d i a t i o n  times were from 11 t o  160 min. The lowest  B 

concent ra t ion  we have r e p o r t e d  i s  0.24+-0.08 pg/g i n  the USGS rock  R I R - 1  (Nor th 

Carol i n a  Diabase) (7 - 1. 

However, i f  des i red,  we cou ld  

t 0 7 9 2 2 t i  25 



Table 11. Concentrat ions o f  Boron i n  Boron-Doped S i l i c o n  Samples 

Sample No. Weight Boron concen t ra t i on  (p g / g )  
( m d  

Nominal PGAA Nuclear Track Method 

AO. 000878 -1 

0.00106-74-1 

0.00188-73-1 

0.00308-45-1 

AO. 00428 -1 

A0 .OO61B -1 

EO. 00928 -1 

A0 . 01 48 - 1 

0.0208-58-1 

0.0548-62-1 

521-57 

521-65 

DOW-21 

153 

93 

92 

89 

123 

135 

87 

133 

85 

85 

80 

83 

92 

1000 75324 

800 716?4 

500 40W2 

275 2455 2 

200 16622 

120 11852 

70 72.42 1.1 

35 41.321.0 

20 22.55 1 .O; 21.621.5a 

5 5.320.9 

2 11.65 1.5 

0.003 2285 2 

0 (0.6 

9.3 

aDeterminat ions made s i x  months a p a r t  t o  check f o r  t ime v a r i a t i o n s  o f  ana lys i s  
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I I I .  RECOMMENDED y - R A Y  L INES FOR Q U A N T I T A T I V E  DETERMINATIONS 

For each o f  the  elements detected i n  any o f  t h e  samples s tud ied  dur ing  

the  course o f  t h i s  p r o j e c t ,  we have determined the  y - ray  l i n e s  t h a t  a r e  m o s t  

useful  f o r  q u a n t i t a t i v e  measurements. The y - ray  1 i n e s  o f  subs tan t i a l  

i n t e n s i t i e s  t h a t  a re  f r e e  o f  i n t e r f e r e n c e  o r  f o r  which c o r r e c t i o n s  f o r  

i n t e r f e r e n c e s  can be made accu ra te l y  a re  tabu1 atect. 

c o n t r i b u t i o n s  t o  the y - ray  l i n e s  from o ther  elements p resent  i n  the samples 

have a l so  been i n v e s t i g a t e d  and magnitudes o f  t he  in te re fe rences  determined. 

These t a b u l a t i o n s  have been puh l ished i n  the  t h e s i s  o f  Dr. M. P. F a i l e y  

(Repor t  0 R 0 - 5 1 7 3 - 0 0 8  of t h i s  p r o j e c t ) .  

more than one page, we do n o t  i n c l u d e  a l l  o f  them here. However, we have 

inc luded  some examples o f  those t a b l e s  and upon request,  we can supply copies 

of  t he  r e p o r t  o r  o f  j u s t  t he  t a b l e s  t o  i n t e r e s t e d  persons. 

Poss ib le  i n te r fe rence  

Since they occupy 31 tab les ,  some o f  

I n  Tables 12 t o  14, we show t y p i c a l  t a b u l a t i o n s  f o r  t he  elements S i ,  S 

and Fe. 

and inc lude  the  most i n tense  l i n e s  i n  the  standard spect ra and the observed 

count  r a t e  o f  the  l i n e s  i n  terms o f  counts/sec-mg ( a l s o  c a l l e d  the 

" s e n s i t i v i t y " )  as measured from the  standard spectra,  o f t e n  f o r  both the 

s i n g l e s  and Compton-suppressed modes. 

s i a n i f i c a n t ,  t he  background count  r a t e s  a re  l i s t e d .  

d i r e c t l y  app l i cab le  on l y  t o  our  system; however, they  q i v e  the  user an idea o f  

t h e  background ra tes  t o  be expected i n  a system cons t ruc ted  s i m i l a r l y  t o  ours. 

We have inc luded i n  the  recommended l i s t ,  y - ray  l i n e s  t h a t  have s u b s t a n t i a l l y  

lower  count ra tes  than t h e  most i n tense  ones, b u t  t h a t  have been found t o  have 

few in te r fe rences  and 1 ower general  spect run background beneath the  peaks. 

Main ly ,  these a re  h igh  energy y rays,  which tend t o  have lower  s e n s i t i v i t i e s  

because of  the  drop i n  d e t e c t i o n  e f f i c i e n c y  w i th  i nc reas ing  energy, b u t  which 
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They l i s t  t he  recommended y-ray l i n e s  f o r  measurement of  each element 

I n  cases f o r  which background i s  

There are, o f  course, 
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usua l ly  occur i n  much l e s s  complex areas o f  the  spectrum than low enerqy 

1 ines. 

I n  a d d i t i o n  t o  the  s tandard count ra tes ,  t h e  r a t e s  o f  a l l  measurable 

background y - ray  l i n e s  a r e  l i s t e d  i n  the  tab les  f o r  the  corresponding 

elements. 

the  amount o f  each i n t e r f e r e n c e  t h a t  must be subt rac ted  from the  peak i n  

r e l a t i o n  t o  the  b e s t  observable l i n e s  o f  the  i n t e r f e r i n g  species. 

example, i n  Table 12, i f  one wants t o  use the peak a t  1273.3 keV t o  determine 

the  S i  concent ra t ion ,  t h e  l a s t  column i n d i c a t e s  t h a t  t he re  a re  p o t e n t i a l  

i n te r fe rences  from Cu, Sm and Gd. To remove the  Gd in te r fe rence ,  f o r  example, 

one i s  i n s t r u c t e d  t o  m u l t i p l y  the  peak area o f  t h e  s t rong Gd peak a t  182 keV 

by 0.0148 t o  es t imate  t h e  c o n t r i b u t i o n  o f  the  Gd 1270-keV peak t o  the 

m u l t i p l e t .  As they p r e s e n t l y  stand, t he  count r a t e s  and c o r r e c t i o n s  i n  the 

t a b u l a t i o n s  a r e  a l l  s p e c i f i c  t o  our  de tec t i on  system and neutron f l u x .  

However, w i t h  the  knowledge o f  t he  f l u x  i n  our system (2x108 n/cn?-sec) and 

the de tec to r  e f f i c i e n c y  cu rve  ( i n  the  1979 Prooress Report, F a i l e y ' s  t h e s i s  

and i n  a paper submi t ted t o  J.  Radioanal. Chem.), one can ad jus t  a l l  o f  the 

values t o  absolute emiss ion ra tes  per  u n i t  neut ron  f l u x  and then t o  count 

r a t e s  i n  some o the r  system o f  known f l u x  and de tec to r  e f f i c i e n c y .  

The i n f o r m a t i o n  g iven i n  the  l a s t  co luvn  i n d i c a t e s  how t o  c a l c u l a t e  

For 

Throughout the  tab les ,  u n c e r t a i n t i e s  o f  count  r a t e s  and c o r r e c t i o n  

f a c t o r s  a r e  i n d i c a t e d  i n  parantheses. A s i n g l e  d i g i t  i n d i c a t e s  unce r ta in t y  o f  

the  l a s t  d i g i t  o f  t h e  nunber t o  which i t  i s  a t tached and two d i g i t s  i n d i c a t e  

unce r ta in t y  o f  t h e  l a s t  two d i g i t s  o f  t he  nmber.  

These t a b u l a t i o n s  should be o f  cons iderab le  value t o  the community o f  

researchers do ing PGAA work. However, t h a t  audience i s  presen t l y  so small, 

and the  t a b u l a t i o n s  i s  so bu lky  t h a t  i t  would probably  n o t  be p r a c t i c a l  t o  

p u b l i s h  i t  i n  the  open l i t e r a t u r e  a t  t h i s  time. However, as noted above, we 



would be pleased t o  supply the information t o  any users who would be 

interested i n  i t .  
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IV. SYSTEF! IMPROVEMENTS 

A .  Beam F i  1 t e r  System 

I n  l a s t  year ' s  proposal  we indicated the need t o  place a single-crystal 

o f  b i s m u t h  i n  the neutron beam. As described there, thermal neutrons undergo 

"channeling" through the crystal  and are thus attenuated much l e s s  strongly 

t h a n  two major sources of background, f a s t  neutrons and  y rays. 

the beam t h a t  are scattered by samples i n t o  the detection system cause such a 

large background below about 300 keV i n  the prompt y-ray spectra t h a t  we are 

able to  observe only the most intense low-energy capture l ines .  

The y rays i n  

If the 

background coul d be reduced, we woul d probably be able to  observe several 

additional elements whose most intense l ines  occur a t  low energies, especially 

some rare  earths (10). - 
A b i smuth  single crystal  of the Prockhouse type (11) - of dimensions 10-cm 

l o n g  x 3.5-cm diam. was purchased from Atomergic Chemicals Corp., and  received 

recently. In addition, we are  i n  the process o f  o b t a i n i n g  some q u a r t z  

crystals  t h a t  were used fo r  similar Purposes a t  the Lawrence Livermore 

Laboratory reactor, which was recently shut down. 

crystals  can be ins ta l led  i n  the beam, we must b u i l d  a cryogenics system t o  

cool them to liquid-nitrogen temperature i n  order t o  increase the transmission 

of thermal neutrons. We had planned t o  have t h a t  done a t  t h i s  time; however, 

we require the help of  the NBS reactor s t a f f  i n  design a n d  construction o f  the 

However, before these 

cryogenics and they were unavailable for  other tasks while the reactor was 

being overhauled d u r i n g  the long shut-down t h a t  occurred d u r i n g  this year (see 

Sect. I ) .  However, work i s  now proceeding smoothly and  we expect t o  have the 

i n s t a l l a t i o n  made and tested w i t h i n  a few months. 

B. Second Sample Position 

The upper beam t u b e  has  been modified t o  accommodate a second sample 
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ho lder  and a "s ing les "  Ge( L i )  de tec tor .  We have found from experiments w i t h  

our present  de tec t i on  system t h a t  t h e  s e n s i t i v i t y  cou ld  be improved f o r  many 

measurements by use o f  a de tec to r  w i t h o u t  the NaI c r y s t a l  around it. 

absence o f  the  l a r g e  NaI c r y s t a l  a l l ows  one t o  improve the  count ing  e f f i c i e n c y  

o f  the  Ge(L i )  de tec tor  by moving i t  c l o s e r  t o  t h e  sample. 

exper iments w i t h  the  new sample l o c a t i o n  w i l l  beg in  as soon as the  a d d i t i o n a l  

neutron and y - ray  s h i e l d i n g  f o r  t h e  second de tec to r  i s  complete. 

hoping t o  he ab le  t o  run  exper iments a t  bo th  l o c a t i o n s  s imultaneously.  

However, before doing so, we w i l l  f i r s t  have t o  determine whether o r  n o t  

neutron s c a t t e r i n g  by samples a t  t he  new l o c a t i o n  (which i s  20 cm below the  

o r i p i n a l  sample p o s i t i o n )  w i  11 cause ser ious divergence a t  the  o r i g i n a l  

pos i t i on .  

C. Data-Handlinq F a c i l i t i e s  

The 

The f i r s t  

We a re  

The computer system ( b u i l t  around a D i g i t a l  Equipment Corp. PDP 11/34 

computer) t h a t  c o n t r o l s  data acqui  s i  t i o n  and ana lys i  s has been ex tens i ve l y  

mod i f i ed  t o  permi t  i t  o t  use a more f l e x i b l e  ope ra t i ng  system t h a t  w i l l  expand 

t h e  c a p a b i l i t i e s  o f  the  system f o r  t a k i n g  and ana lys i s  o f  data. 

system former ly  used an opera t i ng  system c a l l e d  TPOS-I which was suppl ied by 

Tennecornp, the  b u i l d e r  of t he  pul  se-he igh t  analyzer  system. 

which was done now pe rm i t s  the  use o f  t h e  RSX-11M opera t i ng  system supp l ied  by 

D i g i t a l  Equipment Corp. (DEC).  Th i s  change means, among o the r  th ings ,  t h a t  

t h e  system can p o t e n t i a l l y  f unc t i on  w i t h  t w o  o r  more v ideo te rmina ls  ope ra t i ng  

on a t r u e  t ime-shar ing has i  s. 

done a t  Tennecomp Systems, Inc.  was inadequate t o  p rov ide  immediate access v i a  

a d d i t i o n a l  terminals .  A t  t h i s  stage, Tennecomp declared bankruptcy l e a v i n g  

t h e  conversion incomplete, b u t  usable. Several problems have been encountered 

w i th  the  magnetic-disc and - tape c o n t r o l l e r s ,  w i t h  the  l a t t e r  as y e t  

The computer 

The convers ion 

Unfor tunate ly ,  t h e  system sof tware generat ion 
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unresolved. A t  present,  l i t t l e  o r  no sof tware o r  hardware support  i s  

a v a i l a b l e  from o ther  companies f o r  Tennecomp equipment. However, we are  

nego t ia t i ng  w i t h  DEC rega rd ing  the complet ion o f  t he  system a s  o r i g i n a l l y  

intended. 

Advantages o f  t h e  new opera t i ng  system w i l l  i n c l u d e  the  a b i l i t y  t o  

compile programs i n  a number o f  h igh  l e v e l  languages i n c l u d i n g  For t ran ,  Basic 

and Cobol, t r u e  t ime-shar ing  c a p a b i l i t y  and the a b i l i t y  t o  use much more 

soph is t i ca ted  p e a k - f i t t i n g  and data-handl ing rou t ines .  A1 so, RXS-11M i s  

wide ly  used among the  s c i e n t i f i c  community, e s p e c i a l l y  a t  the  Nat iona l  

l abo ra to r ies ,  and w i th  some m o d i f i c a t i o n s  (e.p., t h e  a d d i t i o n a l  o f  DEC f l oppy  

d i sks )  we would be ab le  t o  exchange data and programs w i t h  o t h e r  groups q u i t e  

eas i l y .  
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V.  RELATED PROJECT SPIN-OFFS 

The demonstrations o f  appl i c a h i l  i t y  o f  PGAA and o the r  nuc lear  a a l y t i c a l  

techniques have l e d  t o  the  fundinp o f  r e l a t e d  areas o f  research by o ther  

funding agencies. 

c a l c u l a t i o n s  reaard inq  the poss ib le  use o f  s t a b l e  isotopes as t r a c e r s  f o r  - i n  

v i v o  s tud ies  i n  humans, e s p e c i a l l y  persons under ape 1R and pregnant women, 

f o r  whom r a d i o a c t i v e  t r a c e r s  cannot be used t o  study the  uptake and 

metabolism, etc .  o f  t r a c e  elements. The c a l c u l a t i o n s  shown i n  the  1979 Report 

I n  the  1979 Progress Report and proposal ,  we had performed 

- 

were n o t  very o p t i m i s t i c  i n  terms o f  t he  s e n s i t i v i t y  o f  the  method and the 

amounts and cos ts  o f  enr iched iso topes  needed per  experiment i f  done by PGAA 

alone. 

the use o f  o the r  techniques ( e s p e c i a l l y  I N A A  and ins t rumenta l  photon 

Since tha t  tune, we have done more d e t a i l e d  c a l c u l a t i o n s  tha t  inc lude 

a c t i v a t i o n  ana lys is ,  IPAA), as we l l  as PGAA. According t o  the ca l cu la t i ons ,  

most elements can be measured bes t  v i a  a very minor  i so tope  t h a t  happens t o  be 

s t rong ly  a c t i v a b l e  i n  I N A A ,  e.g., 7 4 S e ( n , ~ ) ~ ~ S e ,  where 74Se has an i s o t o p i c  

abundance o f  on ly  0.9% and the  75Se has a 120-day h a l f  l i f e ,  which a l lows i t  

t o  be observed long  a f t e r  15-hr 24Pa and o the r  i n te r fe rences  have decayed. 

appears q u i t e  l i k e l y  t h a t  we a re  go ing t o  rece ive  funding f rov the  I!.S. 

I t  

Department o f  A g r i c u l t u r e  Human N u t r i t i o n  Program f o r  development of  

s tab le - iso tope t r a c i n g  f o r  C r ,  Zn and Se. 

i so tope work w i l l  be s h i f t e d  t o  t h a t  p ro jec t ,  h u t  we may use PGAA f o r  a 

I f  so, t h e  funding o f  s tab le-  

p a r t  o f  t he  measurements. 

a p p l i c a t i o n s  o f  PGAA t o  b i o l o g i c a l  samples under t h i s  p r o j e c t  as discussed i n  

sect. 1I .C. 

In any case, we w i l l  cont inue t o  exp lo re  the 

The r e s u l t s  obta ined on vo l can ic  samples (Sect. I1.B. and previous work) 

w i th  PGAA, INAA and o the r  a n a l y t i c a l  methods a r e  i n  p a r t  responsib le  f o r  our 

be ing rece ived fund ing  from NASA !a long w i t h  i n v e s t i g a t o r s  from Drexel  
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U n i v e r s i t y ,  U n i v e r s i t y  o f  Arizona, Dartmouth Col lege and Michigan 

Technological U n i v e r s i t y )  f o r  s tud ies  o f  the atmospheric emissions from 

volcanoes. 

by t h a t  p ro jec t ,  b u t  i f  any ve ry  usual  samples become a v a i l a b l e  we w i l l  

i n v e s t i g a t e  them as f u r t h e r  o p p o r t u n i t i e s  t o  extend PGAA a p p l i c a t i o n s  as i n  

t h e  example of the new m i n e r a l s  descr ibed i n  Sect. 11.6. No funds f o r  

c o l l e c t i o n  o f  samples a r e  charged aga ins t  t h i s  p ro jec t .  

18, 1980 e rup t i on  o f  M t .  S t .  Helens, t h e  NSF announced a spec ia l  program f o r  

r a p i d  funding o f  s c i e n t i f i c  s t u d i e s  o f  i t  and modest funds were obta ined by 

t h i s  group. 

Any r o u t i n e  analyses o f  vo l can ic  samples by PGAA w i l l  he supported 

Shor t l y  a f t e r  the  May 
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I. I NTRODUC T I ON 

As described i n  the accompanying 1980 Progress Report, the  technique of  

neutron-capture prompt y-ray act ivat ion analysis (PGAA) h a s  been established 

as a useful analytical method for  application t o  a wide range of materials,  

especially t o  crustal  and energy-related samples such as coa l ,  f l y  ash,  o i l  

shale a n d  rocks. These advances are being made a t  several laborator ies ,  as 

the in te res t  i n  development a n d  use of PGAA has  grown. 

our laboratory include two major papers p u b l i s h e d  i n  Analytical Chemistry, one 

of which described the PGAA method as appl ied t o  the analysis of  several 

National Bureau of Standards (NBS) S t a n d a r d  Reference Materials ( SRMs):  three 

Major milestones from 

coals,  two f ly  ashes a n d  two botanical standards (1) .  - 
( 2 ) ,  - PGAA was used i n  conjunction w i t h  other nuclear methods t o  determine 

concentrations of 51 and 43 elements i n  the new FIBS standard eastern and 

western coals (SPM 1632a and 1635, respectively).  

I n  the second pape r  

burin? the p a s t  year; we have extended the apnlications o f  PGAA t o  - 

additional classes of samples, especially t o  shale o i l  and  o i l  shale samples, 

a variety of biological samples and h i g h  purity samples. Perhaps the most 

spectacular applications have been t o  volcanic samples from M t .  Erebus and, 

recently,  t o  M t .  S t .  Helens. 

the discovery o f  some previously un iden t i f i ed  minerals. 

Ambng other t h i n g s ,  these studies have aided i n  

Prooress d u r i n g  the p a s t  year was somewhat hindered by two problems. In 

Sept. 1979, the NBS reactor had  t o  be shut down u n t i l  March, 1980 because of 

problems w i t h  shim rods t h a t  required Considerable work inside the reactor 

i t s e l f .  Secondly, just  w h i l e  we were i n  the middle of major improvements t o  

our d a t a - h a n d l i n g  and -treatment system, the supplier, Tennecomp, Inc., went 

bankrupt .  This l e f t  the system i n  an incomplete s ta te .  I t  took considerable 

time for  us t o  get the par t ia l ly  upgraded  system back in to  a usable condition, 
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b u t  Tennecomp was not  able t o  provfde all of the planned improvements before 

go ing  o u t  o f  business. 

a l l  of t h e  projects we had planned t o  complete by this time. 

during the remainder of the present year and during the next budget year, we 

plan t o  complete those projects, including: installation of cryogenics and 

single crystals i n  the beam, addition of a second, "singles" Ge(Li) detector 

on the beam line, and completion of analyses of a number of geological, 

energy-related samples, a n d  hiph-purity samples. 

extension of PGAA t o  more petroleum-related samples and a wider range o f  

b io log ica l  samples a n d  fol low-up studies in collaboration w i t h  the  S a n d i a  

Corp. on sandstones related t o  bore-hole explorations for uranium. 

Because of these problems, we were not  a b l e  t o  f i n i s h  

Therefore, 

New projects include the 

The PGAA technique has enormous potential as a real-time, on-line method 

for determining the composi t ions of process streams i n  fossil fuel p l a n t s ,  

metals industries and other kinds of plants. 

of neutrons and h i @  eneroy y rays in materials, PGAA i s  perhaps the only- 

method by w h i c h  one can determine the bulk compositions of large, 

inhomogeneous samples as encountered i n  those applications. 

Because of the very l o n g  ranges 

However, i n  order 

t o  make these applications possible, i t  will be necessary t o  develop portable 

irradiation faci l i t ies ,  probably based on the use of 25266 or other isotopic 

neutron sources. Although a considerable amount of work has been done w i t h  

the  use of isotopic sources, we feel t h a t  the designs of them have n o t  been 

optimized i n  terms of the  a b i l i t y  t o  observe the maximum number of elements 

and  p l a n  t o  beg in  some calculations and  experiments leading towards such 

systems. One particular element t h a t  w o u l d  be of  very h i o h  importance t o  

measure i n  these a p p l i c a t i o n s  i s  oxyaen. A t  present, the only method t h a t  i s  
- 

well understood requires the use o f  a 14-MeV neutron generator. We plan t o  
J 
a 

= neutron sources. 

explore other possible methods t h a t  might possibly be done with isotopic 
Tv 
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11. EXTENSIONS TO NEW TYPES OF SAMPLES 

A. Energy-Re1 ated Samples 

Results obtained so far (1,  - -  3 and 1980 Progress Report) indicate  t h a t  

pGAA can effectively measure concentrations o f  many major and t race elements 

i n  such energy-related samples as coa l ,  f l y  ash, fuel o i l ,  shale o i l  and o i l  

shale. Studies on coal and f ly  ash a re  essent ia l ly  completed now a n d  we 

expect t o  f inish those on fuel o i l ,  shale  o i l  and o i l  shale by the e n d  o f  the 

present budget year. 

applications o f  PGAA t o  additional petrolem-related samples including crude 

o i l ,  t a r s ,  kerosene and  gasoline, t h e  l a t te r  two t o  demonstrate the 

Durina the following year  we p l a n  t o  explore the 

appl icabi l i ty  o f  PGAA t o  samples t h a t  a re  too vo la t i l e  and  hazardous for 

conventional analyses. 

B. Geol ogi  ca l  Sampl es 

- In his thesis work, M. P. Failey ( 4 )  demonstrated the appl icabi l i ty  of . - 
PGAA t o  geological samples by analyzing a large suite of  USGS s t a n d a r d  rocks, 

manganese nodules, etc. 

T h u s ,  d u r i n g  the remainder of the present budget year, we p l a n  t o  do repl icate  

Some of these samples received only one i r r a d i a t i o n .  

analyses of  the samples as needed t o  f i n i s h  and  publish the work. 

As noted i n  the 1980 Progress Report, PGAA has  been extremely valuable i n  

the analysis o f  volcanic samples from M t .  Erebus a n d  M t .  S t .  Helens, including 

the discovery of some new, highly soluble minerals t h a t  were previously 

undiscovered because they a're very f r a g i l e  i n  the environment and h a v e  a 

physical appearance much 1 ike t h a t  of sulfur  deposits. Additional samples 

from M t .  St. Helens continue t o  a r r ive  and some o f  the more unusua l  ones will 

be subjected to  PGAA. 
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C. Biological Samples 

1. Human Samples 

Studies now i n  progress on the appl  icat ion of PGAA t o  human samples are 

described i n  the 1980 Progress Report. We p l a n  t o  continue our studies of 

various hunan t i s sues  and  organs. Arrangements have been made w i t h  Dr. S. H. 

Harrisfon of the National Bureau of Standards t o  obtain various samples from 

the Office of Standard Reference Material (SRM) and the National Organ Bank .  

Data from PGAA will  be used in par t  t o  es tabl ish a new Human Liver SRM. 

Sept. 1980 we will begin an in-depth study of human kidney, l i v e r ,  bone marrow 

and b r a i n  t i s sue  samples provided by Dr. Robert Henkin of Georgetown 

University Medical Center. 

Report, Dr. Henkin i s  a coinvestigator on a project  soon to be funded by USDA 

on the development of stable-isotope t racers  i n  human subjects. 

By 

As described i n  Sect. V of the 1980 Progress 

2. Plant and Animal  Tissue 

As previously described ( l ) ,  - we have analyzed NBS Bovine Liver (SRM 1577) 

and Orchard Leaves (SRM 1571) s tandards .  In our i n i t i a l  s tudies  of these 

materials,  we were able t o  analyze for several important elements, i n c l u d i n g  

H, C ,  N, B a n d  Cd,  b u t  fewer elements t h a n  i n  the case of crustal  samples such 

as coal, f ly  a sh  and rocks. This r e su l t  i s  not surprising i n  view of the fac t  

t h a t  biological samples have generally lower concentrations of most elements 

f o r  which PGAA i s  a sensi t ive technique. 

C1 are greater in plant material a n d  C1, especially,  causes considerable of 

interference w i t h  observations of other elements. Since these samples have 

not been thoroughly investigated w i t h  the use of Compton suppression and p a i r  

spectra,  i t  may be possible to  observe additional e l m e n t s  w i t h  the use of 

these techniques p l u s  other improvements o f  the system described in Sect. IV. 

In addition, concentrations of  K and 
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I n  a d d i t i o n  t o  r e i n v e s t i g a t i n g  the Bovine L l v e r  and Orchard Leaves 

standards, we w i l l  l ook  a t  a few o t h e r  types o f  samples o f  b o t a n i c a l  m a t e r i a l .  

I n  doing so we a r e  l o o k i n g  towards p o s s i b l e  a p p l i c a t i o n s  o f  p o r t a b l e  systems 

i n  t h e  f i e l d  (see Sect. 111) t h a t  would measure concent ra t ions  o f  elements of 

n u t r i t i o n a l  importance i n  food crops, e s p e c i a l l y  N and C/M r a t i o  ( a  measure of 

p r o t e i n  contents) ,  Fe, Ca, R ,  e t c .  

We a l s o  want t o  e x p l o r e  a p p l i c a t i o n s  t o  animal t i ssue,  e.g., t h e  Oyster 

standard, which we looked a t  b r i e f l y  t w o  years ago and newer m a t e r i a l s  under 

c o n s i d e r a t i o n  fo r  standards. I n  a d d i t i o n ,  we want t o  analyze some samples o f  

- Dissost ichus mawsoni, a very  unusual, deep water f i s h  which i s  o f  cons iderab le  

b i o l o g i c a l  i n t e r e s t  because of i t s  a b i l i t y  t o  l i v e  f o r  very l o n g  p e r i o d s  o f  

t ime, up t o  100 y e a r s  and s u r v i v e  i n  t h e  deep, c o l d  waters around A n t a r c t i c a .  

(See 1980 Progress Report.) 

D. I n t e r c a l i b r a t i o n  o f  Neutron Absorpt ion i n  Sandstones 

As described i n  t h e  1980 Progress Report, we have c o l l a b o r a t e d  w i t h  DE. 

Joseph H a r r i s  o f  t h e  Sandia C o r p o r a t i o n  i n  a study o f  the  composi t ion o f  

sandstone. 

one can c a l c u l a t e  t h e  neut ron-absorp t ion  p r o p e r t i e s  o f  c r u s t a l  m a t e r i a l  s 

simply by knowing c o n c e n t r a t i o n s ' o f  the elements t h a t  can be observed i n  those 

samples by PGAA and c ross  s e c t i o n s  o f  the i n d i v i d u a l  elements. I f so, t h i s  

would be a much more convenient,  easymethod than t o  make neutron-absorpt ion 

measurements on samples o f  t h e  m a t e r i a l ,  as samples obta ined from bore-hole 

cores are usua l ly  n o t  u s u a l l y  n o t  l a r g e  enough f o r  bu lk  neutron-absorpt ion 

measurements. We p l a n  t o  c o n t i n u e  t h i s  c o l l a b o r a t i v e  study. If successful,  

t h i s  study would be o f  cons iderab le  b e n e f i t  f o r  f i e l d  a p p l i c a t i o n s  o f  PGAA by 

o t h e r  groups as w e l l  as i n  our own planned stud ies w i t h  p o r t a b l e  neutron 

sources (see Sect. 111). 

The p o i n t  o f  these s t u d i e s  i s  t h a t  o f  determin ing whether o r  n o t  
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E. High P u r i t y  Samples 

S tud ies  on a s e t  o f  boron-doped s i l i c o n  samples have been completed and 

Dur ina the coming year ,  we would a re  d iscussed i n  the  1980 Proaress Report. 

l i k e  t o  s tudy o t h e r  types o f  new m a t e r i a l s  i n  which the  p r o p e r t i e s  depend 

c r i t i c a l l y  upon concen t ra t i ons  o f  elements t h a t  can be determined by PGAA, 

e.g., s o l a r  c e l l  ma te r ia l s ,  g lasses  f o r  l i g h t  p ipes. We a r e  e s t a b l i s h i n g  

severa l  con tac ts  w i t h  people i n  t h e  m a t e r i a l s  f i e l d s  and hope t o  i n i t i a t e  

a d d i t i o n a l  s tud ies  o f  t h i s  type. 

1 u 3 9 2 5 0  a -  



111. FUNDAMENTAL N E W  APPROACHES 

A. Fundamentals of Portable Neutron-Irradiation F a c i l i t i e s  

Although i t  i s  c l ea r  t h a t  PGAA systems based on neutron beams from 

reactors are  go ing  t o  be extremely valuable analytical too ls ,  the applications 

are very much constrained by the necessity of b r i n g i n g  samples t o  a reactor. 

Some of the potentially most i m p o r t a n t  applications,  e.g., monitoring the 

composition of process streams in power p l a n t s  or industr ies ,  can be done only 

w i t h  a system based on a portable source of neutrons such as a 252Cf source. 

Many investigators have, indeed, tes ted the use of 252Cf, Pu-Be or other 

isotopic neutron sources i n  PGAA applications ( 5 ) .  - One of the most extensive 

t e s t s  has been done by a group a t  Science Applications, Inc. ( 6 ) :  - 
developed a system employin0 252Cf for  Srradiation of coal on a conveyor be l t  

i n  which they can measure concentrations o f  about ten elements. 

they 

Despite the extensive amount o f  work done by several groups on the use of  

isotopic sources, we feel t h a t  there i s  considerable need for fundamental 

improvements of the method. The major l imitation has been t h a t ,  i n  order t o  

maximize the f l u x  o f  neutrons i r r a d i a t i n g  t h e  sample, most investigators place 

the neutron source as close as possible t o  the sample consistent w i t h  other 

l imitat ions such as shielding of personnel. Most neutrons emitted from the 

sources have h i g h  energies, the most probable energy b e i n g  a b o u t  1 MeV i n  the 

case of the 252Cf fission-neutron spectrum. h e n  the source i s  placed close 

t o  the sample, most of the thermalization o f  the neutrons occurs i n  the sample 

i t s e l f ,  w h i c h  i s  usually a material containinp a considerable a m o u n t  o f  

hydrogen (e.g., water, coal , p las t i c )  , which i s  the most effect ive moderator 

( i n  terms o f  the maximum energy los s  per co l l i s ion) .  
- 
Q 
4 

A1 though the above approach may be ouite adequate i n  many applications, JD 
p3 

cJ7 we feel that  there might be advantaQeS of a sys tm i n  which the neutrons were - 
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thermalized fairly well before a l l o w i n g  them t o  enter t h e  sample. 

described i n  a review paper .a t  the University of Missouri Conference i n  April, 

1980 (71, - the neutron-capture spectrun of coal f l y  ash obtained w i t h  our 

well-thermalized beam a t  the NBS reactor (1) - contains lines for a number of 

elements t h a t  are not  present i n  spectra o f  coal obtained by t h e  S A 1  g r o u p  

w i t h  a 252Cf source ( 6 ) .  - 
spectra are those such as Sm and Gd, w h i c h  have enormous cross sections. 

i s  d i f f i c u l t  t o  ca lcu la te  the energy spectra o f  neutrons after passape through 

As 

The elements whose lines are missing from their 

I t  

various amounts o f  material, b u t  we suspect t h a t  low energy neutrons are  b e i n a  

captured by hydrogen or other major elements t h a t  have rather f l a t  (n,y) 

absorption cross sections vs. energy before slowing down enough t o  be captured 

strongly by elements such as Sm and Gd. 

ab l e  t o  observe more elements w i t h  a source t h a t  i s  surrounded by moderator 

If this i s  the case, one m i g h t  be 

t h a t  does n o t  capture neutrons strongly, e.g., heavy water, deuterated . 

plastic, or Be. 

During t h e  new budget year, we plan  t o  do some calculations and  

preliminary tests on t h e  design of a system i n  which 252Cf sources would be 

surrounded w i t h  a moderator, reflector a n d  shield. 

as one surrounds the source w i t h  more material, the distance R from the source 

A major problem i s  that, 

t o  sample necessarily increases, thus decreasing the f l u x  a t  the sample 

approximately a s  I/R~. 

belt) 

smaller f l u x ,  b u t  t h e  e f fec t ive  sample volume would be so larae t h a t  the 

geometrical efficiency of the y-ray detector will be reduced. Thus, some 

In  many a p p l i c a t i o n s ,  (e.g., coal on a converyor 

the sample size could be quite large t o  partially compensate for the 

rather sophisticated calculations will be needed t o  design an optimal 

configuration o f  source, moderator, ref1 ector, shielding and detection system. 

For the  neutron energy spectrun, i t  will  be necessary t o  o b t a i n  one o f  the 
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computer programs developed i n  the  DOE l a b o r a t o r i e s  t o  do the  c a l c u l a t i n g  or 

t o  o b t a i n  c o l l a b o r a t i o n  o f  a DOE group t h a t  r rould run them f o r  us (e.g., t h e  

Engineer ing Phys ics D i v i s i o n  a t  Oak Ridge). We w i l l  t e s t  resu l  t s  of  some o f  

the  c a l c u l a t i o n s  by p l a c i n a  approp r ia te  moderators around the  252Cf source a t  

the  U n i v e r s i t y  or, i f  necessary, one of  t he  s t ronger  sources a t  NBS. & w i l l  

t e s t  t h e  f l ux  i n  var ious  enerQy reg ions  by a c t i v a t i o n  of  severa l  elements t h a t  

have d i f f e r e n t  types o f  c ross -sec t i on  dependences on energy. 

i n f o r m a t i o n  cou ld  be ob ta ined i n  i r r a d i a t i o n s  w i t h  and w i t h o u t  Cd absorbers 

F u r t h e r  

around the  samples. 

Note t h a t  i t  would n o t  be our  i n t e n t i o n  t o  develop a complete 252Cf 

i r r a d i a t i o n  f a c i l i t y  t h i s  year,  b u t  r a t h e r  t o  per form c a l c u l a t i o n s  and t e s t s  

t o  determine the design o f  such a system t o  be b u i l t  i n  the  f o l l o w i n g  year. 

B. Oxygen Determinat ions w i th  Low-Energy Neutrons 

One p a r t i c u l a r  element f o r  which on- l ine ,  r e a l - t i m e  measurements on 

process streams o f  var ious  i n d u s t r i e s  would be of cons iderab le  value l i s  

oxygen. 

o f  7-sec 16N produced by the 160(n,p)16N reac t i on .  

A f a i r l y  r o u t i n e  method f o r  oxygen determinat ions i s  t h e  observat ion 

However, t h e  reac t i on  

r e q u i r e s  neutrons o f  h igher  energy than those a v a i l a b l e  i n  q u a n t i t y  f r o m  

i s o t o p i c  sources. 

energy t a i l  o f  the 252Cf f i s s i o n - n e u t r o n  spectrum capable of i n i t i a t i n a  the  

reac t i on ,  b u t  the  a c t i v i t i y  o f  16N produced would be too mall t o  be 

observed.) The r e a c t i o n  i s  normal ly  induced by 14-MeV neutrons from a 

generator  t h a t  employs the  T(d,nI4He reac t i on .  A1 though t h i s  i s  a s e n s i t i v e  

(There would presumably be a few neutrons i n  the  h i?h 

technique f o r  oxygen determinat ions,  i t  has t h e  disadvantage t h a t  i t  requ i res  

i n s t a l l a t i o n  and considerable maintenance of  t h e  neutron generator,  which 

i nc ludes  a re  acce le ra to r  t h a t  produces a beam of deuterons o f  several  hundred 

keV energy. It would be h i g h l y  d e s i r a b l e  t o  have a method a v a i l a b l e  t h a t  
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cou ld  use a passive, i s o t o p i c  neut ron  source i n  the  h o s t i l e  environmental  of 

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

We p lan  t o  i n v e s t i g a t e  severa l  ideas f o r  p o s s i b l e  de te rm ina t ion  of  oxygen 

w i t h  i s o t o p i c  neutron sources. 

r e a c t i o n  tha t  y i e l d s  27-sec 190. 

b )  (81, - b u t  the  l a r g e  amounts o f  oxygen u s u a l l y  p resent  and t h e  h igh  spec i f i c  

a c t i v i t y  o f  t he  s h o r t - l i v e d  species may make i t  f e a s i b l e  t o  determine oxygen 

i n  t h i s  way. In  the  course o f  do ing some very s h o r t  i r r a d i a t i o n s  t o  observe 

17-sec 77mSe, we observed the  190 i n  about t h e  amounts expected, as d i d  

prev ious researchers l o o k i n g  a t  t h e  Se a c t i v i t y  ( 9 ) .  - 

One invo lves  t h e  use o f  t h e  18O(n,y)19O 

The c ross  s e c t i o n  i s  q u i t e  m a l l  (1 .6~10-4 

However, b e f o r e  we can 

be sure i f  the  a c t i v i t y  i s  f rom 180(n,y) ,  we must check p o s s i b l e  reac t ions  o f  

o the r  elements such as 1aF(n,p). 

w i th  reac tors ,  i t  would have two impor tan t  i m p l i c a t i o n s .  

t h e  1980 Progress Report, when we express the  concen t ra t i ons  o f  e i g h t  major 

I f t h i s  method i s  successful  as performed 

F i r s t ,  as noted i n  

elements i n  terms o f  t h e i r  common ox ides (e.g., Na20, C a O ,  Fe2O3, etc.) ,  we 

f i n d  tha t  f o r  most c r u s t a l  samples, t h e i r  sun u s u a l l y  f a l l s  w i t h i n  95 t o  100% 

o f  the  sample mass. Although t h i s  i s  a standard geochemical p rac t i ce ,  we f e e l  

i t  i s  dangerous t o  es t imate  the  oxygen concent ra t ion  i n  t h i s  way. 

su re l y  be i n c o r r e c t ,  f o r  example,, i f  app l i ed  t o  some unusual vo l can ic  samples 

It would 

i n v e s t i g a t e d  by PGAA, which c o n t a i n  l a r g e  amounts o f  halogens. It would 

d e f i n i t e l y  be p re fe rab le  t o  have a d i r e c t ,  i n s t r u n e n t a l  method f o r  a c t u a l l y  

measuring the oxygen concentrat ion.  If t h i s  method i s  successfu l ,  we would 

f i r s t  use i t  t o  check the  oxygen concent ra t ions  i n  the  geo loo ica l ,  e s p e c i a l l y  

t h e  vo lcan ic  samples s tud ied  by PGAA. Second, we w i l l  cons ider  the 

p o s s i b i l i t y  t h a t  t h e  method cou ld  become p r a c t i c a l  w i t h  neut rons  from i s o t o p i c  

sources. Since the  c ross  s e c t i o n  i s  so small, i t  may n o t  be p r a c t i c a l .  On 

t h e  o t h e r  hand, one should r e a l i z e  that ,  as we are  looking a t  a r a d i o a c t i v e  
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species w i t h  a 27-sec h a l f  l i f e ,  one could observe I t  between beam bursts,  

e.g., by use of  a neutron-beam chopper or, i n  the case of  a process stream, by 

counting downstream from the i r r ad ia t ion  s i t e .  

prompt backgrounds associated w i t h  the neutron irradiations.  

These measures would eliminate 

As noted, isotopic sources produce neutrons o f  energies too low to  make 

However, when bombarding water w i t h  neutrons from a Pu-Be 16N v i a  160(n,p). 

source, we observed some l i n e s  of 160 t h a t  are emitted i n  decay of 16N. 

we cannot have made 16N, we t h i n k  the l i nes  may have been produced by 

ine las t ic  sca t te r in?  on 160, w h i c h  would  produce some of  the same y rays. 

Since 

If 

so, t h i s  could perhaps he developed as a method for oxyoen, b u t  would  need 

much more investigation. 

oxygen r i g h t  i n  the Pu-Re source i t s e l f  or external t o  i t?  

I f  the reaction was indeed on oxygen, was i t  on 

Dur ing  the coming year ,  we plan t o  investigate these a n d  perhaps other 

methods for  determining oxygen without the use of 14-MeV neutron oenerators. 

C. X-Ray Fluorescence 

The intense low energy y-ray flux associated w i t h  the neutron beam i s  an 

undesirable interference i n  the capture y-ray spectra and the i n s t a l l a t i o n  o f  

the B i  and/or q u a r t z  c rys t a l s  i n  .the beam (see Sect. 1V.A. )  i s  designed to  

reduce the interference. Despite . the undesirabil ty of the low energy 

radiation i n  a conventional sense, i t  could possibly be turned t o  advantage. 

The low energy radiations s t r ik ing  the target  cause inner electrons t o  be 

knocked o u t  of atoms i n  the ta rge t ,  usually followed by emissions of x rays. 

T h i s  i s ,  o f  course, the basis  of analysis  by x-ray fluorescence ( X R F ) .  

A l t h o u g h  our experiments were n o t  designed for t h a t  purpose, we have 

occasionally observed x-ray fluorescence 1 ines from samples. As t h i  s m i g h t  be 

a way o f  o b t a i n i n g  d a t a  on additional elements, we feel i t  would be worthwhile 

t o  investigate i t  further.  Since the y-ray f l u x  i s  spread over many energies 

t 0 - 1 4 2 5 5  13 
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r a t h e r  than being a s i n g l e  l i n e ,  as i s  normal ly  used i n  y- ray- induced XRF, i t  

i s  n o t  c l e a r  that  t h i s  w i l l  be a use fu l  technique. On the  o t h e r  hand, the 

y - r a y  f l u x  i n  our beam con ta ins  much h igher  energy photons than a re  normal ly 

used i n  XRF, so we should be ab le  t o  e x c i t e  K x rays a l l  t he  way up t o  

uraniun,  whereas convent ional  XRF has t o  use L l i n e s  o f  h igh-2 elements. The 

r a d i a t i o n  i n  our  system i s ,  thus,  somewhat l i k e  synchrot ron r a d i a t i o n ,  b u t  n o t  

p o l a r i z e d  and o f  much lower  i n t e n s i t i e s .  

t he  beam, we w i l l  make b r i e f  t e s t s  t o  see If one cou ld  o b t a i n  use fu l  

Before we i n s e r t  t he  c r y s t a l s  i n t o  

i n fo rma t ion  from x-ray l i n e s  t h a t  migh t  be observable from va r ious  elements. 

We w i l l  p lace  standards o f  a few h igh-  and low-2 elements i n  the  beam and t ry  

t o  observe x rays w i t h  our  s m a l l ,  h igh - reso lu t i on  Ge(Li)  d e t e c t o r  (a  Ge 

low-energy photon spectrometer,  o r  "Ge-LEPS") , which y i e l d s  peaks w i t h  

f u l l - w i d t h  a t  h a l f  maximum o f  about 0.4 keV i n  the x- ray region. Runs w i l l  be 

made w i t h  and w i t h o u t  a Cd f o i l  i n  the  beam r i g h t  a t  f loo r  l e v e l  t o  see i f  XRF 

can be observed much more e a s i l y  with neutrons -removed from the  beam. 

r e s u l t s  i n d i c a t e  tha t  t h i s  a useful  method f o r  observing some elements t h a t  we 

If the - 

~ 

do n o t  now observe more e a s i l y  by PGAA, we w i l l  proceed t o  charac ter ize  the 

method q u a n t i t a t i v e l y  . 

14 



IV. SYSTEM IMPROVEMENTS 

A. In-Beam Single Crystals 

As indicated i n  last  year's proposal, we are modifying the PGAA beam 

facil i ty t o  permit installation of single crystals of himuth and/or quartz i n  

the beam a t  abou t  the point a t  w h i c h  the beam emerges from the t o p  of t h e  

s h i e l d i n g  a t  the NBS reactor. 

are transmitted rather efficiently through channels of single crystals, b u t  

As described in t h a t  proposal, thermal neutrons 

fast  neutrons and  y rays are strongly attenuated (10). - Although the thermal 

neutron f l u x  i n  the beam wi l l  be reduced by about 50%, the fast  neutrons and y 

rays w i l l  be much more strongly attenuated, yielding improved detection limits 

for a number of elements. Scattering of the enormous f l u x  of low energy y 

rays by the samples i n  the beam causes such large backgrounds t h a t  i t  i s  

impossible t o  observe any b u t  the most intense y rays below a b o u t  300 keV i n  

the capture y ray spectra of complex samples. 

elements (especially i n  the rare earth region) t h a t  emit intense low energy 

We anticipate t h a t  several 

line will become observable when the background i s  greatly reduced. 

Another k i n d  of backaround i s  produced by scattering of fast  neutrons 

from t h e  sample beam t u b e ,  etc. These scattered neutrons are often eventually 

captured i n  the structural materials of  the f a c i l i t y  (e.q., Al, Fe), producing 

background lines of these elements. .The use o f  a crystal  should reduce t h i s  

k i n d  of background, too ,  by attenuating the f a s t  neutrons before they have a 

chance t o  undergo scattering and absorption i n  and  near the beam tube.  

We have obtained a single crystal of B i  of dimensions 10 cm l o n g  by 3.5 

cm diam. 

and their associated equipment from a neutron beam line a t  the Lawrence 

We have a lso arranged t o  o b t a i n  a B i  and  two quartz single crys ta l s  

Livermore Laboratory reactor, w h i c h  was recently s h u t  down. 

s h i p  the equipment as soon as we receive transfer authorization from the Oak 

(LLL i s  ready t o  
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Ridge Operations Office.)  The qua r t z  crystal  w i l l  be quite e f fec t ive  for 

attenuation of f a s t  neutrons, b u t  l e s s  effect ive t h a n  B i  for  y rays. 

For highest transmission of thermal neutrons through the c rys t a l s ,  i t  i s  

necessary t o  cool them far  below room temperature. Thus, the c rys t a l s  will be 

surrounded by a cryogenic system containing l i q u i d  nitrogen. Me a re  des iy ing  

a system for use of B i  or quartz c rys ta l s  alone or i n  tandem. 

h e n  las t  y e a r ' s  proposal was writ ten,  we expected to  have the c rys ta l s  

and cryogenics in s t a l l ed  by this time. 

completed by the end of the budget year (October 31, 19801, we have been 

delayed because of the extended shut-down of the NBS reactor.  

Although the in s t a l l a t ion  may well be 

We d i d  not, of  

course, need the reactor operating to  ins ta l l  the system, b u t  the reactor 

design and construction people needed t o  help on t h i s  project were unavailable 

while the problems of the reactor were being fixed. 

As soon-as the system i s  ins ta l led ,  we will conduct PGAA studies  on 

several representative types of samples -(coal, f ly  a sh ,  orchard 1 eaves) t o  

determine additional elements t h a t  become observable and f i n d  out i f  the 

accuracy and detection limits a re  improved f o r  elements we now observe. 

B. Add i t ion  of a Sinqles Detector 

The upper beam tube has  been modified by the addition of a second sample 

holder position 20 cm below the o r i g i n a l  sample position. 

hol der wi  11 be used i n  connection w i t h  a "singles" Ge( L i  ) detector,  i .e. a 

simp1 e Ge( L i  ) detector without a Nal crystal  around i t ,  a s  our present 

detector has. 

The new sample 

Without the surrounding NaI crystal ,  the new detector can be 

mounted much closer  t o  the samples ( a b o u t  10 cm vs. 60 cm f o r  the present 

detector). As demonstrated i n  l as t  year ' s  Progress Report, the NaI crystal  i s  

aui te  useful i n  the detai led s tudy  of spectra of complex samples, a s  i t  allows 

us t o  take Compton-suppressed and p a i r  spectra as well as singles spectra. 
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However, once the spectra are well understood, there are  many applications for 

which i t  i s  more important t o  o b t a i n  higher count  ra tes  t h a n  t o  obtain the 

other types of  spectra. 

s ens i t i v i ty  of the method by fac tors  of f ive  t o  ten fo r  most elements. 

After characterizing the new sample/detector s e t  u p ,  we will try running 

T h i s ,  the sfngles  detector should increase the 

two samples simultaneously i n  the two  holders. 

direct  radiations from each sample from reaching the wrong detector. '  However, 

we may f i n d  t h a t  i t  i s  necessary t o  keep the f i r s t  target  in the beam qui te  

t h i n  i n  order t o  prevent neutron sca t te r ing  so great t h a t  a l o t  o f  neutrons 

s t r i k e  the second target holder and then sca t t e r  i n t o  the second detector. 

t h i s  "cross t a l k "  between the two systems !s no t  too  serious, we hope t o  be 

able t o  use the two systems simultaneously on a routine basis. 

The shielding will  prevent 

If 

1 0 1 9 2 5 4  
17 



V. REFERENCES 

1. M. P .  Failey, 0. L. Anderson, W. H. Zoller,  G. E. Gordon a n d  R. M. 

Lindstrom, Anal. Chem. - 51, 2209 (1979). 

2. M. S. Germani, 1. Gokmen, A. C. Sigleo, G. S. Kowalczyk, I. Olmez, A. 

Small, D. L. Anderson, M. P. Failey, M. C. Gulovali, C. E. Choquette, E. 

A. Lepel, G. E. Gordon and W .  H. Zoller, Anal. Chev. - 52 , 240 11980). 

3. 0. L. Anderson, M. P. f a i l ey ,  G. E. Gordon and W. t i .  Zoller, Instrumental 

Prompt Gamma Activation Analysis of Energy Re1 a t e d  Samples a n d  S t a n d a r d s ,  

in Proc. of the 4th I n t .  Conf. on Nuclear Methods i n  Environmental and 

Energy Research, Univ .  o f  Mo., Columbia, Apr. 1980, J .  Vogt, ed. ( i n  

press) 

M. P. Fai 1 ey, "Neutron-Capture Prompt Gamma-Ray Ac t iva t ion  Analysis: 4. A 

Versatile Nondestructive Technisue fo r  Mu1 ti-Element Analysis of  Complex 

Matrices", Ph.D. Thesis, Dept. o f  Chemistry, U n i v .  o f  Maryland, 1979. 

- 5. E. S. Gladney, A. Literature Survey o f  Chemical Analysis by Thermal 

Neutron Induced Capture Gamma-Ray Spectroscopy, 10s Alamos Sc ien t i f ic  

Laboratory Report LA-8028-MSS S e p t .  1979. 

6. G. Reynolds, H. Botorgrnanesh, E. E l i a s ,  T. Gozami, T. Maung and V .  

Orphan,  Nuclear Assay of Coal. Vol 1: 

A c t i v a t i o n  Analysis - Basic Experiments, Electric Power Research 

Institute Report FP-989, Jan. 1979. 

G. E. Gordon, The Use o f  Neutron-Capture Prompt Gamma-Ray Activation 

Analysis i n  Environmental and Energy Research, i n  Proc. of t h e  4 t h  Int .  

Conf .  on Nuclear Methods in Environmental and  Energy Research, U n i v .  of 

Coal Composition by Prompt Neutron 

7. 

Mo., Columbia, Apr. 1980, J .  Vogt, ed. ( i n  press). 

18 



, . . l . i . .  i 1 . / ,  , I 

8. C. M. Lederer  and V. S. S h i r l e y ,  E d i t o r s ,  Tab le  o f  I so topes  

( W i l e y - I n t e r s c i e n c e ,  New Y o r k ,  1978)  7 t h  e d i t .  

D. M. McKown and J. S. Morris, J .  Radioanal .  Chem. 7 4 3 ,  411 ( 1 9 7 e ) ;  A .  J.  

Blotchy ,  L. J. Arsenaul t  and E. P. Rock, Anal. Chem. - 45,  1056 ( 1 9 7 3 ) .  

H. t w i t t l i n g e r ,  J .  Radioanal .  Chem. 7 1 4 ,  147 ( 1 9 7 3 ) ;  e .  M. Rustad, J .  

9. 

10. 

Als-Nie lsen,  A. Bahnsen, C.  3 .  Christenson and A. N ie lson ,  Rev. S c i .  

Instrum. - 36, 48 ( 1 9 6 5 ) .  

t 0 1 9 2 5  I 
19 



DOE F 1332.16 (1084) 

(Formerly A A 4 2 7 )  

1. DOE Report No. 

2 DOE Contract No. 
DOEIERJ5173-014 

DE -AS05- 76ER0517 3 

. /  I 

3. Title 

Concentrations 

1982 Progress Report 
~Non-Destructive Determination o f  Trace Element 

OM8 Aoorovd 

NO. 1910-1400 

Signature 

U. S. DEPARTMENT OF ENERGY 

Phone 

UNIVERSITY CONTRACTOR, GRANTEE, AND COOPERATIVE AGREEMENT 
RECOMMENDATIONS FOR ANNOUNCEMENT AND DISTRIBUTION OF DOCUMENTS 

See Instructions on Reverse sid8 

4. Type of Document ("x" one) 
ma. Scientific and technical report 
0 b. Conference paper: 

Title of conference 

Date of conference 

Exact location of conference 

Sponsoring organization 

Oc. Other (Specify) 

5. Recommended Announcement and Distribution ("x" one) 
R a. Unrestricted unlimited distribution. 
Ob. Make available only within DOE and to DOE contractors and other U. S. Government agencies and their contractom 
Oc. Other (Specify) 

6. Reason for Recommended Restrictions 

7. Patent and Copyright Information: 
Does this information product disclose any new equipment, process, or material? Q No 
H a s  an invention disclosure been submitted to DOE covering any aspect of this information product? X: No 0 Yes 

An? there any patent-related objections to the release of this information product? 
Does this information product contain copyrighted material? No 0 Yes 

0 Yes I f  SO, identify page no% 

I f  so, identify the DOE (or other) disclosure number and to whom the disclosure was submixed. 
No 0 Yes I f  so, state these objections. 

FOR D O E  O R  OTHER AUTHORIZED 
USE ONLY 

~~ ~~~~ ~ 

9. Patent Clearance ("x" one) 
Or DOE Patent clearance has been granted by raPonsible D O E  Patent group. 
Ob. Report has been sent to resporuible DOE parent group for clearance. 



RENEWAL PROPOSAL 

TO 

THE DIVISION OF BASIC ENERGY SCIENCES 
U.  S. DEPARTMENT OF ENERGY 

"NON-DESTRUCTIVE DETERMINATION OF TRACE ELEMENT CONCENTRATIONS" 

SUBMITTED BY 

G1 en E.  Gordon, Professor  of Chemistry,- Phone 301-454-4422 

Mil 1 jam H.  Zol l e r ,  Professor  of Chemistry, - Phone 301-454-4421 

Will iam B. Mal ters, Professor  of Chemistry - Phone 301-454-4421 

David L .  Anderson, Research Associate- Phone 301-454-4421 

Department of Chemistry 
University of Maryl and 

Coll ege Park, Maryl and 20742 

' . Funds requested: 5108,300 

Contract period: November 1, 1981 - November 30, 1982 

Present Contract  No.: DE-AS05-76ER05173 - 



SIGNATURE PAGE 

The University o f  Maryland will accept and administer a grant awarded to  

i t  under the terms of t h i s  proposal. 

The University of Maryland i s  an educational i n s t i t u t ion  i n  the S ta t e  of 

Maryland and re ta ins  more than 500 employees. 

The bidder represents t h a t  he has n o t  employed or retained a company or 

person (o ther  than a full-t ime employee) t o  s o l i c i t  o r  secure this grant, and 

agrees t o  furnish information thereto as requested by the Contracting 

Officer. 

The University of Maryland c e r t i f i e s  t ha t  the d is t r ibu t ions  of costs  

between the d i r ec t  a n d  ind i rec t  categories as shown i n  the proposal conforms 

t o  the usual accounting pract ices  of the ins t i tu t ion  fo r  a l l  federal ly  

supported or sponsored research. 

G1 en t .  Gordon William H. Loller 
Professor Associate Professor 

Department of Chemistry Department of Chemistry 

William B. Walters 
Professor 

Deparlment of Chemistry 

James R. McN e SbY 
Professor and Chairman 
Department of Chemistry 

David 1. Anderson 
Research Associate 

Department of Chemistry 

La r ry V a n der h oe f 

Division of Agricultural 
and Life Sciences 

University of Maryl and 

Provost 

Robert L. 61 uckstern 
Chancel 1 or 

College Park Campus 
University. of Maryl and 

1 0 7 9 2 ' 0 4  



c . c I .  INTRODUCTION 

This project has had a strong influence on the direction o f  instrumental 

methods of analysis. Although occasional papers on PGAA h a d  appeared 

previously, the value of the method was not f u l l y  appreciated until  we and, 

almost simultaneously, the Los Alamos group (e .g . ,  Ref. 1) explored the f u l l  

capabi l i ty  of i t  i n  the analysis of a wide range of materials.  

groups have developed PGAA f ac i l  i t i e s  a t  reactors ( U n i v .  of Missouri and Univ.  

of Michigan) or are  seeking funds  t o  do so. Despite the success achieved thus 

f a r ,  there are s t i l l  many opportunities for  fur ther  development and use of the 

method, especially of the use of isotopic neutron sources which would permit 

the method t o  be used away from reactors.  

Now other 

D u r i n g  the coming year  we propose t o  continue the fundamental development 

of PGAA by studies of o i l  shale,  bo reho le  samples, industr ia l  materials o f  

various types, biological material and t o  do fundamental studies of prompt y 

rays and  the short-lived fission-product y rays produced by heavy elements 

under neutron i r radiat ion.  

addition of the second ta rge t /de tec tor  s ta t ion  on the beam l ine ,  which will 

great ly  increase the throughput o f  sampl es. 

f o r  use as f i l t e r s  of y rays and f a s t  neutrons from the beam and will place 

one of them i n  the system as soon as tests on them are  complete. The 

data-handling system, which has caused us a great deal o f  down-time i n  the 

wake of Tennecomp's bankruptcy, should be brought up t o  i t s  intended 

capabi l i ty  when equipment on order a r r ives  i n  July,  1981. 

The sens i t i v i ty  of the system has been improved by 

We have acquired several c rys ta l s  

The major new venture fo r  the new year will be work on the development of 

a 252Cf-based PGAA system. 

University. Calculations will be performed and tested experimentally i n  an 

attempt to  optimize the moderator, s h i e l d i n g  and placement of samples and the 

detector. A wide range of samples will be analyzed w i t h  the f a c i l i t y  t o  

determine i ts  capabi l i t i es  i n  many potential  applications. 

A source of 252Cf has been ins ta l led  a t  the 
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11. NBS BEAM FACILITY 

A. Energy-Related Samples 

1. Oil S h a l e  

We have been involved i n  a collaborative effort  w i t h  Dr. C. L.-Wilkerson 

. of Bat te l le  Pacific Northwest Laboratories, w i t h  the aim of characterizing a 

large batch of Greer River (Colorado) o i l  shale fo r  a large number of 

elements. This material i s  t o  be established as a s tandard  reference material 

t h r o u g h  round-robin analyses by Battell e ,  University of Mary1 and, Lawrence 

Berkeley and Lawrence Li vermore National Laboratories (see 1981 Progress 

Report). Rather short irrdiations ( 2 - h r )  by PGAA were performed t o  

characterize 16 elements in the shale, b u t  longer irradiations are proposed t o  

establish the  concentrations o f  several other elements, especially C ,  N a n d ,  

possibly, Sr and Nd. 

A well-characterized standard such as this woul d be extremely valuable t o  

energy research i n  this field. 

re1 ated samples have caused great interest  among several corporations, 

Our PGAA results fo r  these and other energy- 

including one major oil company, which is interested i n  boron measurments, a 

fast ,  routine procedure w i t h  PGAA. We have init iated discussions w i t h  

scientists a t  the company i n  regard t o  possible cooperative projects. 

The success of PGAA in the analysis of oil shale has led t o  the proposal 

f o r  more j o i n t  work w i t h  Battelle.  

continue the analyses of other oil shales (raw and retorted) a s  well as 

D u r i n g  the following year we propose t o  

looking i n t o  new types of samples, including shale o i l  i t se l f .  

2. Heavy Elements 

A major problem o f  the nuclear energy industry is t h a t  of assaying 

,various f i s s i l e  nuclei i n  spent fuel rods and  i n  process streams i n  fuel 

reprocessing plants. Much progress has been made in the assay for a number of 

1 0 1 9 2 b b  
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f i s s i l e  nuclides by h i g h  resolution Ge(1i) spectrometry o f  heavy element 

x-rays and low energy y rays by Camp and others a t  Livermore (2 ) ;  - however, 

t h i s  method can be used only i f  the heavy elements are  f r e e  of other 

a c t i v i t i e s .  

heavy elements i n  the presence of f iss ion products t h a t  would normally be 

associated w i t h  fuel rods a f t e r  a typical burn-up i n  a reactor  followed by 

several months cooling. We have performed calculations t h a t  indicate  tha t  

several f i s s i l e  species might be measurable by PGAA methods despite the 

enormous y-ray ac t iv i ty  of f i s s ion  products i n  spent fue ls .  

one would look a t  prompt y rays following ( n , y )  reactions of the heavy 

elements. 

239Pu, z4OPu and 241Pu by t h i s  method. The reasons fo r  the possible success 

of this method are: (1) thermal neutron cross sections f o r  many of the heavy 

I t  would be extremely useful t o  have a method f o r  measuring the 

In one approach, 

Our calculations show t h a t  i t  m i g h t  be feas ib le  t o  measure 23811, 

elements are  quite la rge  (as  they must be fo r  important f i s s i l e  species) ,  and 

( 2 )  the prompt y rays chosen f o r  the measurements have energies >4 MeV, 

whereas those o f  the long-lived f i ss ion  products are mostly (900 keV, allowing 

one to  discriminate strongly against  the l a t t e r  by placing absorbers between 

the sample and the Ge(Li) detector. 

T h i s  method would probably not work fo r  some important species,  

especially 235U, which does not have strong capture l ines .  

possible method would be the observation of y rays from very short-lived 

f i s s ion  products (seconds o r  l e s s ) ,  some o f  which have energies >4 MeV. 

avoid confusion w i t h  prompt y rays and other interferences associated w i t h  the 

beam, one would use a beam chopper and accept signals only between beam bursts 

of about 1-sec duration. 

i r rad ia t ion  o f  a l l  abundant f i s s i l e  species, b u t  the in tens i ty  pat terns  would 

be d i f fe ren t  for  the various nuclides because of d i f fe ren t  yield-mass 

However, a second 

To 

Note t h a t  f iss ion products would result from 

1 0 9 9 2 ' 0 1  
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distributions, especially in the  A=95-105 region. 

We have discussed these approaches w i t h  Safeguards and  Fuel Cycle groups 

w i t h i n  DOE. A1 t h o u g h  they are interested, there are so many unknown factors 

involved t h a t  we cannot a priori prove the feasibil i ty of the method. T h u s ,  

we have n o t  been able t o  convince them of  t h e  probable success of the method 

enough for them t o  suppor t  the study. Therefore, d u r i n g  the coming year we 

plan t o  i r r a d i a t e  several heavy element samples i n  order t o  o b t a i n  sufficient 

d a t a  on capture and fission-product spectra t h a t  we can make more reliable 

predictions of the feasibil i ty .  These will be s t r ic t ly  fundamental studies 

designed t o  provide  sufficient spectral da t a  for preductions. If the 

predictions indicate a good chance of success, continued practical development 

of the method would be done only under suppor t  of another  f u n d i n g  group. 

Scientists from Battelle Northwest Laboratories are a1 so interested i n  

o b t a i n i n g  these da ta  and are p rov id ing  a number of heavy element samples for 

the experiments. We have received permission and plan t o  irradiate small 

samples of Gd-poisoned solutions of uranium enriched i n  235U and two Pu 

samples i n  order t o  explore possibilities for PGAA i n  nuclear safeguards and 

the measurement of nuclear material s. 

3. Reactor Cooling Water 

Another k i n d  of sample t h a t  i s  subjected'to intense and frequent neutron 

irradiation is  reactor cooling water. 

the radioactive species present i n  cooling waters, f i r s t  because the 

information would be of great value i n  case of a leak and, second, because the 

species could be useful indicators of problems t h a t  might  be occurring i n  the 

reactor. 

There is  much practical concern about  

As al l  materials t h a t  get i n t o  the water undergo intense neutron 

i r r ad ia t ion ,  one could  probably detect corrosion products or  other materials 

4 
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t h a t  get i n t o  the circulating water. 

of m a k i n g  some observations of the cooling water a t  the Calvert  Cliffs power 

p l a n t  w i t h  people from Baltimore Gas and Electric Company. If  the logistics 

can be worked ou t ,  we plan  t o  take spectra of the cool i n g  water in the p lan t  

t o  look for short-lived y-emitting nuclides. If the results are interesting, 

we wil l  seek other sources of suppor t  for development of a practical method. 

One can imagine t h a t ,  i f  the work i s  successful, i t  m i g h t  become a standard 

method for monitoring cooling water a t  reactors in order t o  observe potential 

problems i n  the system before they cause serious accidents. 

B. Related Geochemical Samples 

1. Bore-Hole SamDles 

We have been discussing the possibility 

We plan t o  continue t h e  co l labora t ive  effort  w i t h  Dr. H. Bivens and Dr. 

J. Harris of Sandia Laboratories involving neutron-capture cross-sections o f  

borehole samples (see 1981 Progress Report). The major objective of this 

j o i n t  effor t  i s  the development of _I- i n  situ measurements of the compositions of 

wall materials around boreholes us ing  a small 14-MeV neutron generator and 

G e ( L S )  detector package t h a t  can be lowered in to  the bore holes. 

2. Ores - 
One of the potentially exciting uses of a portable PGAA system based on 

252Cf is t h a t  of prospecting in the field in search of resources such as ores 

of various metals. In order t o  provide fundamental information needed to 

determine the feasibil i ty of such uses, we plan t o  take prompt y-ray spectra 

of representative ores o f  several metals. Already we have samples of a number 

- o f  copper ores from several areas i n  Arizona t h a t  were obtained i n  connection 

w i t h  our INAA studies of particles released t o  the atmosphere from Cu smelters 
0 

L 3  
P-J ( 3 ) .  - We will be contacting people from other mines and smelters as well as 
CT 

the U.S. Geological Survey and the Bureau of Mines t o  obtain samples of other 

types of ores for  these experiments. 

5 
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3. U.S. Geological Survey S tanda rd  Rocks 

In his thesis work ( 4 1 ,  - Michael Fa i l ey  explored the use of PGAA by 

measuring concentrations of al l  observable elements i n  a wide range o f  USGS 

standard rocks. For the most part, the results were excellent and we would 

like t o  p u b l i s h  them. We have n o t  done so, however, because he performed only 

one analysis of several of the rock types. As soon as time i s  available on 

the system, we plan  t o  irradiate additional samples o f  those needed i n  order 

t o  finish and write up  t h e  project. 

C. B i ol ogi cal Sampl es 

1. General Studies of Feasibility 

There is  considerable interest i n  the development of analytical methods 

for biological materials, especially tissues i n  or  from human bodies. Several 

groups, for example, are working on in v i v o  measurements of Cd i n  liver and 

kidneys ( 5 )  - i n  workers exposed t o  large amounts of Cd, o f  Ca in patients 
-- 

suffering from bone diseases (61, - and of N t o  determine proteins i n  the body 

( 7 ) .  - Some of these studies are performed by observing prompt y rays (Cd) and 

others by production of short-lived activities (N and Ca). To provide better 

methods for these and i n  v i t r o  studies, we have been analyzing various organs 

and tissues of human bodies obtained from autopsies performed a t  Georgetown 

University Medical Center t o  determine which elements are observable by PGAA 

and measure their concentrations i n  those samples. We plan t o  o b t a i n  

-- 

additional samples t o  extend t h i s  work. Related t o  this work, we are setting 

up an arrangement t o  analyze l iver samples which are being collected i n  large 

numbers by the National Specimen Bank a t  NBS. They p lan  t o  provlde funds fo r  

support of a person who will do the PGAA measurements as well as some regular 

INAA and for supplies and reactor charges connected w i t h  their  work. The 

Specimen Bank will also be analyzing and storing mussles collected from the 

6 
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various coastal waters of the U . S . ,  t h e  idea be ing  t h a t  these are  "indicator" 

organisms, i . e . ,  f i l t e r  feeders t h a t  are cons tan t ly  co l l ec t ing  and  storing 

chemicals present in the water and, t h u s ,  will provide an historical record of 

changes t h a t  may be caused by natural or anthropogenic effects. 

mussles will also be analyzed by PGAA a n d  other methods under our j o i n t  

project w i t h  NBS. 

Some o f  the  

2. Stable Isotopic Tracing 

In a j o i n t  project w i t h  Georgetown University Medical Center t h a t  i s  

supported by the U.S. Department o f  Agriculture, we ( G E G  a n d  NKA) are 

developing the use o f  stable isotope tracers for studying trace element 

nutrition in population groups t h a t  are prohibited from study w i t h  i n  v i v o  

radioactive tracers. The bas ic  idea i s  t h a t  one administers a dose o f  the 
-- 

element i n  which the abundance of a minor stable isotope has been greatly 

enriched relative t o  i t s  natural abundance (e.g., 70Zn f o r  tracing Z n ) .  The 

appearance of the tracer i n  various body "po01s'~ (e.g., blood, serum, feces, 

urine) i s  detected as an altered ratio o f  isotopes, e.g., the 70Zn/68Zn ratio. 

We have been developing nuclear activation methods for determining changes In 

'the isotope ra t ios ,  e.g., i n  the  Zn case, measuring the  ratio o f  3.9-hr 71mZn 

t o  14-hr 6gmZn foll owing neutron ac t iva t ion .  

PGAA m i g h t  also.be useful for determining ra t ios  o f  isotopes, as the 

spectra of many element t h a t  have more t h a n  one s tab le  isotope contain lines 

from capture i n  various isotopes. In order t o  avoid contamination of  the 

samples, we have tried t o  observe as  many isotopes a s  possible by instrumental 

methods. As described i n  the Progress Report, we studied blood samples by 

PGAA, b u t  because o f  the intensity of C1 lines i n  the spectra, we could 

observe only H, C ,  N, S,  C1 and K ,  none of which i s  a good candidate for  

stable isotope tracing. 

- 
3 
d 
fv 
J - However, there s t i l l  m i g h t  be a role for PGAA i f  one 

chemically separates. the element of interest  prior t o  PGAA. In the absence of 
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interference by other elements, i t  m i g h t  be possible t o  observe l i nes  of more 

t h a n  one isotope, o r  measure one isotope by PGAA and  another by INAA.  We will 

soon be s t a r t i n g  experiments w i t h  enriched-isotope samples of Zn and Se i n  our 

USDA project.  

samples of those elements t o  see i f  there are differences t h a t  could exploited 

A t  t h a t  time, we will do PGAA on enriched-isotope and na tura l  

i n  t h a t  work. 

If  s tab le  isotope t racing can be successfully developed f o r  7- i n  vivo human 

studies, i t  might  well have many other applications i n  areas where radioactive 

t racing i s  used, b u t  i s  undesirable because of exposure t o  people o r  sensit ive 

mater ia ls ,  e.g., semiconductor materials. 

0. I n d u s t r i  a1 Samples 

From the outse t  of this  project ,  we have f e l t  t h a t  there  would eventually 

be many industr ia l  applcations of PGAA, especially i f  portable systems based 

on z52Cf or  other isotopic sources could be developed. The method has many 

obvious appl icat ions f o r  real-time analysis of la rge ,  inhomogeneous materials. 

Because of the long ranges of the neutrons as well as the y rays,  PGAA can 

measure b u l k  concentrations i n  those materials, whereas other real-time 

instrumental methods such a x-ray fluorescence are  only surface methods 

because of the short-range radiations involved. 

useful f o r  monitoring streams of raw materials or  products i n  l a rge  industrial 

plants.  A group a t  Science Applications, Inc. (81, - f o r  example, has 

demonstrated the a b i l i t y  o f  a Z52Cf-based PGAA system t o  analyze coal on a 

conveyer bel t  f o r  about t e n  elements including S as  well as  several elements 

t h a t  indicate  the ash content of the coal. 

p i lo t -p lan t  studies i n  an actual coal-fired plant. 

Thus, PGAA should be very 

Their system is  now undergoing 

Thoughout this project ,  we have made many e f f o r t s  t o  be i n  touch w i t h  

s c i e n t i s t s  i n  many i'ndustries i n  order to learn about their analytical needs 
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and t o  inform them of the potential for using PGAA. 

encourage them t o  provide funds  f o r  development o f  techniques needed 

specif ical ly  by them. 

collaborative work w i t h  Sandia Corp. ( s ee  Sect. II.B.1.) on development of 

bore- hol e analyses and w i  1 1 probably receive modest support from the National 

We have hoped t o  

Although we have o b t a i n e d  some very minor support fo r  

Specimen Bank f o r  co l l  aborative studies o f  biol ogical samples ( see  Sect.  

II.C.11, we have n o t  been able t o  in te res t  industr ies  i n  providing major 

support. 

apparently not persuaded on the basis o f  our past  work coupled w i t h  

f e a s i b i l i t y  calculat ions involving the i r  par t icular  problem. Thus ,  we, feel 

t h a t  i t  will be necessary t o  demonstrate analyses of typical industr ia l  

Many groups have expressed great interest i n  our work, b u t  a re  

materials and are  planning t o  do some o f  these over the next year. Among 

others,  we have established contacts w i t h  s c i e n t i s t s  a t  a steel  mill, several 

copper smelters, an o i l  company, a photographic company, a glass manufacturer, 

two major automobile companies, and a communications- industry 1 aboratory. 

p a r t  as  a result o f  these contacts, we will extend our s tudies  o f  o i l  shales 

In 

(Sect. II.A.1) and bo reho le  samples (Sect. II.B.l.) and i n i t i a t e  s tudies  of 

ores (Sect. II.B.21, glasses ,  s t e e l ,  limestone and special materials of the 

communications industry, a s  discussed below. 

1. Glasses 

From contacts w i t h  a glass manufacturer and w i t h  the automotive glass  

division of a motor vehicle company, we have found tha t ,  despite the 

sophistication of modern glasses (e.g. , those designed fo r  energy conservation 

i n  b u i l d i n g s )  , the glasses  a re  made i n  batch processes under ra ther  poor 

analytical  control. The l a t t e r  i s  so inadequate t h a t  some batches turn out so 

badly t h a t  the e n t i r e  batch is  remelted so t h a t  the composition can be 

corrected. The PGAA method should be an ideal method f o r  real-time 

9 
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measurements i n  the industry, as i t  i s  sensitive to most of the key elements 

present i n  glass. 

large amounts of w h a t  are normally considered trace elements for special 

purpose glasses (e.g., Se and Cd i n  tinted glasses). 

be measured directly by PGAA, i t  may be possible by activation, i n  th is  

In a d d i t i o n  t o  the major elements, glass manufacturers add 

If  these elements cannot 

example, of 17-sec 77mSe w i t h  the 252Cf source, as we are able t o  observe i t  

fol lowing short irradiations o f  blood i n  the NBS reactor ( 9 ) .  - 
acquired a wide range of glass samples f o r  analysis. 

We have already 

2. Steel and Limestone 

There are many process streams i n  the steel industry t h a t  would be o f  

interest for  real-time analysis, including the incoming ore, 1 imestone, coke 

and the finished products. Steel industry scientists visited us and were 

quite interested i n  the possible use of PGAA. They are interested i n  

measuring several elements that we can surely do, inlcuding Fe, Si and Ca, b u t  

are especially interested i n  oxygen measurements, i f  they can be done w i t h o u t  

the use of a 14-MeV neutron generator. From our previous work ,  we are 

confident t h a t  0 can be measured i n  many types of samples by very short 

irradiations i n  the reactor followed by observation of 26-sec 190. However, 

i t  will be of much greater value i f  we can observe i t  w i t h  the 252Cf source. 

Calculations suggest t h a t  i t  i s  going t o  be difficult ,  b u t  wor th  trying. 

will investigate this as well as the possibilities for the l 6 0 ( n , n ' y )  reaction 

w i t h  the h i g h  energy neutrons from the 252Cf source as soon as possible. 

We 

We 

w i l l  also obtain samples of ores, limestone, steel, etc. from the company for 

survey experiments i n  the NBS beam line. 

3. Communications Industry 

We don' t yet know a great deal about the analytical problems of the 

communications industry, b u t  made contact w i t h  scientists from the industry a t  

\ 0 1 9 2 - \ 4  
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the recent Modern Trends conference i n  Toronto. We discussed the method and 

w h a t  i t  can do a n d  have sent the reprints. They were especially interested i n  

our  boron measurements i n  Si  or glassy matrices, so we will try t o  learn more 

about  their  problems and perhaps r u n  a survey on some samples from them. 

E. Facili ty Improvements 

1. Beam Fi l te rs  

The B i  single crystal obtained has been evaluated for neutron trans- 

mission w i t h  the help o f  R. Fleming o f  NBS (see 1981 Progress Report). 

Installation i n  the PGAA f a c i l i t y  has been delayed by unforeseen problems i n  

the construction of a suitable cryostat assembly f o r  the existing beam tube. 

I t  i s  likely t h a t  a new section will have t o  be constructed and attached t o  

the beam tube  which can properly cool the Bi and s t i l l  have enough shielding 

t o  protect our detection system. 

A1 ternative f i l t e r  systems are being considered, including an Si crystal 

and a sapphire crystal. Preliminary studies, also by R. Fleming, have been 

completed and indicate t h a t  the l a t t e r  may be a desirable alternative, since 

no cooling is  necessary. 

be8m shutter, very few scattering problems are anticipated. 

If a non-cooled crystal could be inserted in to  our 

2. Second Targetnetector S t a t i o n  

The second target/detector station has been installed and our i n i t i a l  

t es t s  indicate t h a t  the sensitivity i n  t h a t  p o s i t i o n  is about  an order-of- 

magnitude better t h a n  for  our o r i g i n a l  set-up (see 1981 Progress Report). 

However, before p u t t i n g  the new s t a t ion  i n t o  routine use, we must make several 

additional tests. Mainly we need to find out  i f  b o t h  stations can be used 

simultaneously, o r  i f  scattering of neutrons by targets placed in the new 

s t a t i o n  (which i s  "upstream") w i l l  increase backgrounds or otherwise interfere 

w i t h  simultaneous measurements a t  the original pos i t ion .  

11 



3. Beam C hopper 

We propose t o  do preliminary studies on "chopping" the neutron beam in 

order t o  study short-l ived neutron activation species and f i s s ion  products. A 

simple way t o  invest igate  th i s  could be t o  simultaneously control a simple, 

lightweight Cd shutter a t  f l oo r  level,  while gating the corresponding ADC off 

when the beam i s  on ta rge t .  

Mary1 and  Cyclotron (10). - 
the second detector could open up a new se t  of elements f o r  analysis.  

Our group has experience w i t h  such systems a t  the 

The chopper, coup1 ed with the b e t t e r  s ens i t i v i ty  of 

12 
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111. CALIFORNIUM-252 FACILITY 

As proposed l a s t  year and described i n  the Progress Report, we have 

acquired a 150-ug 252Cf source f o r  development of PGAA applications tha t  can 

be done away from the reactors .  Although we in i t i a t ed  paperwork to  obtain 

approval t o  acquire the source i n  Nov. 1980, the long delays i n  processing the 

forms kept us from get t ing i t  u n t i l  l a t e  May, 1981. Thus, we have not had 

time for  much work on i t ,  b u t  will be doing so over the remaining months of 

this budget year and i n t o  the new year.  There a re  4 additional 150-ug sources 

a t  NBS and we may be able t o  obtain 3 o f  them to b r i n g  the to ta l  up t o  0.6 mg, 

which would great ly  improve the sens i t i v i ty  of measurements. 

A.  Configuration Tests  

There a re  many parameters involved i n  the design and construction of 

isotopic neutron sources and associated t a rge t  holders and detectors,  e.g. , 
the choice of mater ia ls  and s izes  of moderators, the s ize  and placement of 

samples, and material f o r  re f lec t ing  and absorbing neutrons, y-ray and neutron 

shielding of detectors  and personnel, and location of the detector. A1 though 

a number of designs a r e  given i n  the l i t e r a t u r e ,  i t  i s  not obvious t h a t  any of 

them provide optimal s ens i t i v i ty  w i t h  m i n i m u m  interference for quant i ta t ive 

work. Calculations of the f l u x  and energy spectrum of neutrons a t  various 

locations w i t h i n  a par t icu lar  configuration a re  very complicated and can be 

done accurately only w i t h  the use of large computer codes developed by AEC and 

i t s  contractors for  use i n  reactor and weapon design. Examples of some 

calculat ions performed by SA1 for design of t h e i r  PGAA system are  avai lable  

(111, - b u t  they are  based on a very simple model. Fortunately, as  a p a r t  of 

our arrangement w i t h  the Sandia Corp., they will run a number of calculat ions 

f o r  us of several configurations us ing  t h e i r  very complex codes. Soon we will 

send them the suggested arrangements and when the calculations have been 

\QIqZ?I  . 
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completed, we will perform t e s t s  of the most promising configurations by 

placing samples of Au, Dy, e tc . ,  a t  various locat ions,  w i t h  and without Cd 

envelopes, t o  measure fluxes and Cd ra t ios .  

design and construct the f ina l  2S2Cf f a c i l i t y .  

These resu l t s  will be used t o  

B. Analytical Tests 

As soon as preliminary experiments have been completed, we will t e s t  the 

analyt ical  capabi l i t i es  o f  the Z5%f f a c i l i t i e s .  In the i n i t i a l  s tudies ,  most 

measurements wil l  be done on standard materials t h a t  we have previously 

analyzed i n  detai l  a t  the NBS f a c i l i t y  t o  see i f  the resu l t s  obtained w i t h  

252Cf a re  r e l i ab le  or  i f  there  a r e  differences caused by the presence of 

higher energy neutrons i n  the l a t t e r  source. Once the system has been tested 

by analysis  o f  standards, we will then use i t  f o r  survey studies o f  a wide 

range of material s mentioned throughout this proposal, especially i n  Sect. 11. 

Most materials will f i r s t  be r u n  on the NBS beam l ine ,  which will produce 

h i g h e r  count ra tes  for  most species. Whereas we normally use about 1-g 

samples i n  the beam f a c i l i t y ,  we will often use much la rger  samples (e.g., 1 

k g )  i n  the z52Cf f a c i l i t y ,  i f  l a rge  amounts of material a re  available. T h i s  

w i l l  increase count r a t e s  of the y rays and a lso provide a be t te r  simulation 

of the b u l k  sampl es t h a t  woul d be encountered i n  f ie1 d and industr ia l  

applications.  A study of spec i f i c  i n t e re s t  on the Z52Cf f a c i l i t y  will be a 

search f o r  l i nes  associated w i t h  oxygen, e i the r  prompt lines from ( n , n ' y )  or 

delayed emissions from 26-sec 190. In order t o  observe radiations from very 

short-l ived species f r ee  of the backgrounds present i n  the t a rge t  area, 

provision will be made i n  the f a c i l i t y  fo r  a flowing system w i t h  a detector 

mounted downstream from the i r rad ia t ion  s i t e .  

C. Detector f o r  *%f F a c i l i t y  

One of the d i f f i c u l t i e s  associated w i t h  the use of 252Cf neutrons f o r  

1 0 1 9 2 1 8  
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quant i ta t ive analyt ical  measurements i s  exposure o f  the y-ray detector t o  f a s t  

neutrons. We have used an older Ge(Li) detector i n i t i a l l y  damaged by neutrons 

i n  in-beam experiments a t  the Maryland Cyclotron. 

resulted i n  continued degraduation o f  the performance of t h i s  detector. 

the budget, we propose the purchase o f  a new n-type hyperpure Ge detector fo r  

use i n  these experiments. AS these n-type Ge detectors a re  more r e s i s t an t  t o  

Our i n i t i a l  t e s t s  have 

In 

I damage by f a s t  neutrons (R. H. Pel l ,  Physics Today, November, 19771, we expect 

t o  be able t o  carry out our t e s t s  w i t h  use o f  the 252Cf neutron source w i t h  

l imited degradation of the detector performance. 

1 0 1 9 2 1 9  
15 



, , , . , . . , . I . ,  I 

c 
I V. REFERENCES 

1. E. S .  Gladney, 0. B. Curtis and E. T. Jurney, J .  Radioanal. Chem. - 96, 299 

(1978). 

2. G. Struble ,  edi tor ,  Nuclear Chemistry Division Annual Report, FY 1980, 

Lawrence Li vermore National Laboratory Report UCAR-10062, Aug. 1980. 

3. M. Small, M. S. Germani, A. M. Small, W. H. Zoller and J .  L. Myers ,  

Env i ron .  Sci. Technol. - 15, 293 (1981); M. S. Germani, M. Small, W. H. 

Zol le r  and J .  L. Moyers, ib id .  15, 299 (1981). 

M. P. Failey,  Ph.D. Thesis, Dep t .  of Chemistry, Univ.  of Maryland, 

College Park ,  MD, 1979. 

-- 
4. 

5. 0. Vartsky, K. J. E l l i s ,  N. S. Chen and S. H. Cohn, Phys. Med. Biol. 22, 

1085 (1977); P. E. Cummins,  J. D u t t o n ,  C. J .  Evans, W .  D. Morgan and A. 

Sivyer,  " A  Sens i t ive  2s2Cf Neutron Act iva t ion  Analysis Instrument f o r  

- 

In-Vivo Measurements o f  Organ Cadmium," presented a t  the Six th  I n t .  Conf. 

on Modern Trends i n  Activation Analysis, Toronto, June, 1981. 

6. J. E. Harrison, K. G. McNeill, A. J. Hitchman and B. A. Britt, Inv. Rad. 

-, 14 27 (1979). 

7. 0. R. Chettle, J .  G. Fle t che r ,  S. P. M. 3 .  Downey, M. C. Sco t t ,  H. M. 

James and C. S. Higgens, "Measurement of Nitrogen In Vivo by Neutron 

Act iva t ion  Analysis; Fur ther  Devel opments and Appl i ca t ions ,"  presented a t  

the Six th  In t .  Conf. on Modern Trends i n  Activation Analysis,  Toronto, 

June, 1981. 

G. Reynolds, H. Bozorgmanesh, E. El i a s ,  T. GOzani, T. Maung and V .  

Orphan, Nuclear Assay of Coal. Vol. 1: 

Neutron Activation Analysis - Basic Experiments, Electric Power Research 

I n s t i t u t e  Report FP-989, Jan. 1979. 

8. 

Coal Composition by Prompt 

16 



, , . . , . . , . I . ,  , 1 ./ , 

9. G. E. Gordon, 1. GOkmen, N.  K. Aras and  R .  I .  Henk in ,  "The Use o f  S t a b l e  

Isotope Tracers in the Study o f  Zinc a n d  Selenium Nutrition in Infants, ' '  

presented a t  the Sixth In t .  Conf. on Modern Trends in Activation 

Analysis, Toronto, June, 1981. 

10. E. W .  Schneider, Ph.D. Thesis, Dept. o f  Chemistry, U n i v .  of Maryland, 

College Park, MD, 1978. 

11. E. E l ias  and  7. Gozani,  Nuclear Assay o f  Coal. Vol. 2: Coal Composition 

Determination by Prompt Neutron Activation Analysis - Theoretical 

Model ing,  El ectric Power Research Ins t i  tute Report CS-989, Apr. 1980. 

1 0 1 9 2 8 1  
17 



,.,.., . I . .  ,, 1 

1. DOE ReportNo. 

2 DOE Contract No. 
DOE/ER/5173-015 

DE-AS05-76ER05173 

DOE F 1332.16 110841 
(Formerly A A 4 2 7 )  

3. Title 

Non-Destructive Determination of Trace Element 
Co ncen t r  a t i on s 

1983 Progress Report 

OMB Appro4 

NO. 1910-1400 

Signature Phone L 

u 

U. S. DEPARTMENT OF ENERGY 

Date 
12/1/83 

UNIVERSITY CONTRACTOR, GRANTEE, AND COOPERATIVE AGREEMENT 
RECOMMENDATIONS FOR ANNOUNCEMENT AND DISTRIBUTION OF DOCUMENTS 

~~~~~ ~~~~ ~ ~~ 

4. Type of Document ("x" onel 
ma. Scientific and technical report 
0 b. Conference paper: 

Title of conferance 

Date of conference 

Exact location of conference 

Sponsoring organization 

Oc. Other (Specify) 

5. Recommended Announcement and Distribution ("x" onel 
!?a. Unrestricted unlimited distribution. 
Ob. Make available only within D O E  and to  DOE contractors and other U. S. Government agencies and their contracton. . 
OL Other (Specify) 

6. Reason for Recommended Restrictions 

~~ ~~~ 

7. Patent and Copyright Information: 
Does th is  information product disclose any new equipment, process, or material? II: No 0 Yes If so, identify page nos. 
H a s  an invention disclosure been submitted t o  D O E  covering any aspect of this information product? PP No 0 Yes 

I f  so, identify the DOE (or other) disclosure number and to whom the disclosure was submixed. 
Are there any patent-related objections t o  the release of this information product? @ No 0 Yes If so, state these objectionr 
Does th is  information product contain copyrighted material? No 0 Yes 

If so, identify the page numben and amch the license or other authority for the government to reproduce. 

8. Submitted by Name and Position (Please print or type) 
Glen E.  Gordon. Professor of Chemistrv 

FOR DOE O R  OTHER AUTHORIZED 
USE ONLY 

9. Patent Clearance [''x'' one) 
31. OOE patent clearance has been granted by responsible OOE patent group. 
Gb. Repon has been sent to responsible D O E  patent group for clearance. 



, 

s RENEWAL PROPOSAL 

TO 

TEE DIVISION OF BASIC ENERGY SCIENCES 
U. S. DEPARTMENT OF ENERCY 

“NON-DESTRUCTIVE DETERMINATION OF TRACE ELEMENT CONCENTRATIONS” 

SUBMITTED BY 

David L. Anderson, Assistant Research Scientist-hone 301-454-4421 

Glen E. Gordon, Professor of Chemistry, - Phone 301-454-4422 

- villiam 8. Zoller, Professor  of C h e m i e t r j r , w P h o n e  301-454-4421 
- 

William B. Walters, Professor of Chemistry, -Phone 301-454-4421 

Department of Chemistry 
Univers i  t y  of Maryland 

College Park, Maryland 20742 

Funds requested: $1 10,000 

Contract period: December 1 ,  1982 - November 30, 1983 

‘This proposal is to k u ~ d  for W E  evaluation purpoxs and this &e 
shall be affixed to any reprodunion or 
abstract thereof. All Government ud Don. 
Government personnel handling ~ pro- 
posal shall c~crcise emreme w e  to k u r c  
that the information contained h m ~ n  6 no1 
duplicated, Used, or dkdotcd in uhok in 
pan for any PU~POX other than IO CLXJWI~ 
the proporal. without the written m i o n  
of the offeror (except that if a m n t m  is 
awarded on the basis of this p r o m ,  the 
terms of the contract shall control he 
and we). T h i s  notice docs not liu the 
Government’s right to use infornution m. 
taincd in the p r o p o d  if it is ObtPiWbje frm 
another source without restriaion. & Government notice. and shall not by it- k 
construed to impose any liability upon 
any Government disclosure or or Government use of & f =  pcrsonnd ---. for 
. L  



The Universi ty  of Maryland will accept and adminieter  a g ran t  avarded t o  

i t  under the  terms of t h i s  proposal. 

The Universi ty  of Maryland is an educat ional  i n s t i t u t i o n  in the  S t a t e  of 

Maryland and r e t a i n s  =re than  500 employees. 

The bidder r ep resen t s  that he has not employed or r e t a ined  a co'mpany or 

person (o the r  than a fu l l - t ime employee) t o  s o l i c i t  or secure  t h i s  gran t ,  and 

agrees  t o  fu rn i sh  informat ion  the re to  as requested by t h e  Contract ing 

Off icer. 

The Universi ty  of Maryland c e r t i f i e s  t h a t  t he  d i s t r i b u t i o n s  of cos t s  

between the  d i r e c t  and i n d i r e c t  ca tegor ies  as shown i n  the  proposal conforms 

t o  the  usual  accounting p r a c t i c e s  of the  i n s t i t u t i o n  f o r  a l l  f ede ra l ly  

supported or sponsored research. 

Ass i s t an t  Research S c i e n t i s t  Professor  v 
Department of Chemistry 

Glen E. Gordon 
Professor  

Department of Chemistry 

James R. HcNesby 
Professor  and Chairman 
Department of Chemistry 

Prof esaor  
Department of Chemistry 

Larry Vanderhoef 

Division of Agr icu l tu ra l  
and L i f e  Sciences 

Universi ty  of Maryland 

Provoe t 

William E. Kirwan 
Acting Chancellor 

College Park Campus 
Univers i ty  of Maryland 

1 0 1 9 2 8 4  



I. INTRODUCTION 

One of our major objectives during the remainder of the present budget 

pear and the corning year is the completion of quite a number of projects we 

have started and publication of the results, especially the analyses of many 

standard reference materials and rocks. 

Last year's work on two key problems of the nuclear energy industry, the 

measurement of burnable poisons and the assay of heavy element isotopes, was 

quite successful and we will continue to investigate these applications. 

There is considerable interest in the possible use of boron as an at-- 

spheric tracer of emissions from coal-fired power plants. 

prompr y-rap activation analysis (PGM) is an excellent method for boron 

analyses, we plan to use it to measure boron in some previously collected coal 

and fly ash samples, and four separate size fractions of particles collected 

in the stack of a coal-fired power plant. 

As neutron-capture 

Furthermore, we w i l l  investigate 

. the use of PGAA to observe B concentrations on air-filter samples and in 

artificially entrained soil. 

Now that we have successfully developed matrix-dilution techniques for 

materials containing high concentrations of elements with large neutron- 

capture cross sections, we will explore PGM analyses of a series of glasses. 

In cooperation with the National Environmental Specimen Bank, we vlll 

investigate the application of PGAA to new classes of biological samples. 

One of our major projects for the coming year will be the completion and 

testing of the 252Cf system for PGM laboratory studies. 

With partial support of Sandia Laboratories, we will develop a library of 

y-ray energies and intensities of the various elements. 

1 
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X I .  NBS NEUTRON BEAH FACILITY 

A. Nuclear h t c r i a l s  

1. Assay of Heavy Element I so topes  

Las t  year ,  we proposed t o  determine i f  one could use  PGAA t o  assay var ious 

heavy element i so topes  which, i f  successfu l ,  might l e a d  to  Safeguards applica- 

t ions .  As descr ibed i n  th i s '  yea r ' s  Progress Report  (Sect. 11.B). we have 

performed measurements on s e v e r a l  uranium oxide s tandards  wi th  23511 abundances 

ranging from 0.5 to  go%, as w e l l  as sec t ions  of e in t e red  commercial f u e l  

p e l l e t s .  

238U(n,y)239U r e a c t i o n s  and a mult i tude of l i n e s  from 235U(n,fission) and, 

I n  t h e  s p e c t r a  obtained,  we have observed weak prompt y rays from 

poss ib ly ,  235U(n,y), which are expected t o  be weak on the b a s i s  of previous 

s t u d i e s  (Weitkamp e t  al., 1 9 7 4 ) .  I n t e n s i t i e s  of var ious  l i n e s  i n  the  spec t ra  

a r e  propor t iona l  t o  t h e  23521 content  of t h e  samples,  but we don' t  know t h e i r  

-- 

or ig ins .  

assoc ia ted  with f i s s i o n  products  by'comparison of s p e c t r a  taken during and 

immediately a f t e r  i r r a d i a t i o n s .  

The next j o b  t h a t  must be done is  the  i d e n t i f i c a t i o n  of the  l i n e s  

The use of extremely high r e so lu t ion  Ge detec- 

t o r s  t h a t  have r ecen t ly  become a v a i l a b l e  would help g r e a t l y  in the  unravel l ing 

of these  complex spec t r a ,  which have a t  least 300 photopeaks below 2 MeV. 

We propose t o  cont inue these  experiments and concent ra te  on reducing the  

l a r g e  mass of da t a  a s soc ia t ed  with them. I n  the  course of t h i s  work, we w i l l  

determine whether o r  not  it w i l l  be necessary t o  use new experimental  techni- 

ques (e.g., a beam chopper t o  observe f i s s i o n  products wi th  sub-second half  

l i v e s )  t o  assay heavy element isotopes.  I f  we can ob ta in  permission t o  do so, 

w e  would l i k e  t o  i r r a d i a t e  samples containing s u b s t a n t i a l  amounts ( severa l  mg) 

of f i s s i l e  spec ies  o t h e r  than 235U, e.g., 239Pu, t o  see i f  t h e  pa t te rns  of 

f ission-product y r a y s  are suf f i c i e n t l y  d i f f e r e n t  (because of d i f fe rences  i n  

the  yield-mass curves) t h a t  one can use them t o  determine t h e  amounts of 235U 
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and 239Pu present  i n  nixed samples. 

q u a n t i t i e s  of 239Pu, but they were too small t o  y i e ld  use fu l  spec t r a .  

We have i r r a d i a t e d  some very mall 

2. Burnable Poisons i n  Nuclear Fue l  

Our prelimlnary s t u d i e s  on t h e  a n a l y s i s  of BqC-Al203 p e l l e t s  (used f o r  

c o n t r o l  of power r e a c t o r s  dur ing  s t a r t - u p  cyc le s )  i n  cooperat ion wi th  Dr. 

Pa i l ey  of Babcock and Wilcor were v e b  promising ( see  Sect. 11,C of 1982 

Progress  Report). 

and is probably the  easiest assay method ava i l ab le .  

is necessary,  we have begun t o  uork on pu lve r i za t ion  and mat r ix ing  methods 

designed t o  avoid neutron s e l f - s h i e l d i n g  e f f e c t 8  caused by t he  high boron 

cross sec t ion  and i t s  high concen t r a t ion  i n  t h e  p e l l e t s  as received. 

As demonstrated, PGM y i e l d s  q u i t e  accu ra t e  boron analyses  

As some sample prepara t ion  

We w i l l  perform a d d i t i o n a l  ana lyses  of t he  spec t r a  obtained from uranium 

It is d i f f i c u l t  t o  observe Gd l i n e s  because of the  f u e l  containing added Gd. 

complexity of the  f iss ion-product  s p e c t r a  from t h e  uranium. 

B. Environmental Samples 

1. Atmospheric Boron 

Aa described i n  t h e  1982 Progress  Report (Sect. III.A.2), concent ra t ions  

of boron i n  coal  f l y  ash are huge, up t o  2000 ppm. We suggested t h e r e  t h a t  

boron might serve a s  a very s e n s i t i v e  marker f o r  atmospheric particles 

o r i g i n a t i n g  from coal - f i red  p l an t s .  However, a t  present almost nothing is  

known about B concentrat ions on the  suspended p a r t i c l e s  t h a t  leave coa l - f i red  

p l a n t s  v i a  the  stacks,  

samples co l lec ted  from the  Chalk Po in t  power p l an t  i n  Maryland, but t h e  masses 

Gladney -- e t  al .  (1978) d id  PGAA of cascade-impactor 

of particles co l lec ted  i n  t h e  va r ious  s ize  f r a c t i o n s  were so mal l  t h a t  they 

could observe B only on t h e  back-up f i l t e r ,  which c o l l e c t s  p a r t i c l e s  of diam 

(0.5 pm* The B concent ra t ion  i n  t h a t  S ize  f r a c t i o n  w a s  about 2 pg/m3 of s t a c k  

gases ,  whereas t h a t  of Al (Gladney -- e t  al., 1976) is  of the  order  of 200 pg/m3. 

1 0 7 ’ 1 2 8 7  . 
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b 11l comprises -102 of the mas8 of f l y  ash, ut estimate t h a t  t h e  B conccntra- 

t i o n  i n  t h e  p a r t i c u l a t e  MBS i n  t h a t  s ize  f r a c t i o n  is -0.1% or -1000 ppm. 

rhould be noted t h a t  t h e  p r e c i p i t a t o r  f l y  ash a t  Chalk Poin t  contained only 33 

ppn B, eo if our crude estimate 18 c o r r e c t ,  t h e r e  was a l a r g e  enrichment of 

boron between the ash  t h a t  remained i n  t h e  p l an t  and t h a t  which escaped. 

It 

I f  

t h i s  is t r u e ,  t h e  B concent ra t ions  Bight reach percent  l e v e l s  on p a r t i c l e s  

from p l a n t s  i n  which t h e  p r e c i p i t a t o r  ash  conta ins  >lo00 ppm B. 

As PGAA is an i d e a l  method f o r  observing B, we proposed t o  analyze the  

coa l ,  p r e c i p i t a t o r  f l y  ash and Suspended p a r t i c l e s  c o l l e c t e d  from the  s t ack  of 

a western coa l - f i red  p lan t .  

Marietta Laboratory in Baltimore,  who has ind ica t ed  t h a t  he can supply gram 

We have contacted Dr. John Ondov of Martin- 

q u a n t i t i e s  of suspended p a r t i c l e s  in fou r  s ize  f r a c t i o n s  ranging from 2 y m  

diam t o  207m d i m ,  as w e l l  as coa l  and p r e c i p i t a t o r  ash. 

of t hese  samples is t h a t  they come from a p l a n t  t h a t  has been thoroughly 

s tud ied  i n  many ways, Including INAA s t u d i e s  o f .  t he  composition of the  coa ls ,  

The s p e c i a l  value 

- 

ash  and suspended p a r t i c l e s ,  x-ray d i f f r a c t i o n  s t u d i e e  of the  numerals in 

eta& samples, nu tagenic  s t u d i e s ,  etc. (e.g., Ondov - e t  -*’ al 1979; Eansen - e t  

al., 1981). - 
V e r y  l i t t l e  is  kaown about concentrat ions of boron i n  the  atmosphere, as 

Because of t h e  importance of t he re  is no convenient method f o r  measuring it. 

such measurements, ve p lan  t o  explore  the  poss ib l e  use  of PGAA f o r  t ha t  

purpose. I n  previous s t u d i e s  we have observed abso lu te  msses of B as mal l  

as 0.25 ng. This l i m i t  of de t ec t ion  would probably be small enough t o  allow 

u s  t o  observe boron on t y p i c a l  a i r - f i l t e r  samples co l l ec t ed  in urban areas.  

However, we cannot be c e r t a i n  t h a t  t h i s  is the  case, as the  boron peak is so 

broad (Doppler-broadening) t h a t  our a b i l i t y  t o  see it depends s t rongly on the  

gene ra l  background l e v e l  in t he  480-keV region of the spectra, which is i n  

4 



t u rn  dependent on t h e  hydrogen concent ra t ion  i n  the  sample. I f  re cannot 

observe B i n  t y p i c a l  air f i l t e r e ,  re w i l l  c o l l e c t  high volume samples on 

Teflon f i l t e r s  t o  reduce the hydrogen from the  f i l t e r s  themselves. 

not  success fu l ,  we vi11 attempt  o t h e r  methods, e.g., p lac ing  f i l t e r s  aga ins t  

p l a s t i c  d e t e c t o r s  s e n s i t i v e  t o  the charged p a r t i c l e s  r e l eased  In t he  loB(n,a)7Li 

react ion.  Another p o s s i b i l i t y  would be t h a t  of placing semiconductor detec- 

t o r s  or i on  chambers nea r  t h e  samples i n  the  beam; however, we would l i k e  t o  

avoid t h a t  method, as i t  would r equ i r e  the  use of a vacuum chamber. I f  a 

successfu l  technique can be developed, we would then do a sma l l  survey of 

atmospheric boron concen t r a t ions  i n  the  Washington, D.C. area. I f  these 

I f  t h i s  is 

I 

results 

study . 
2. 

~ We 

of dus t  

are i n t e r e s t i n g ,  we w i l l  apply t o  EPA f o r  support  of a more extensive 

ComDosition of SusDended Dust 

p lan  t o  cont inue s t u d i e s  on t h e  f r ac t iona t ion  of elemental  compositions 

suspended i n  t h e  l abora to ry  s e t t l i n g  chamber descr ibed i n  Sect. 1I.F 
. of t h e  1982 Progress Report. Clear ly  we can determine concent ra t ions  of 17 

elements i n  the  bulk s o i l  by PGAA, p lus  about 20 add i t iona l  elements by INAA. 

We are now ready t o  a t tempt  ana lyses  of the  separa te  s ize  f r a c t i o n s  co l lec ted  

from t h e  chamber wi th  a cascade impactor. 

t he  s m a l l  masses of material t h a t  w i l l  be col lected.  

measurements are success fu l ,  experiments on suspension and a n a l y s i s  of par- 

t ic les  from dust  c o l l e c t e d  around the  world w i l l  be performed under support of 

another  agency (NOM o r  NSP). 

This  w i l l  be d i f f i c u l t  because of 

I f  t h e s e  a n a l y t i c a l  

3. Chesapeake Bay Col lo ids  

We w i l l  continue t h e  explora tory  PGAA s tud ie s  of c o l l o i d a l  mater ia l  

separa ted  from Chesapeake Bay waters by Prof. Jay Means of Chesapeake 

Bio logica l  Laboratory ( s e e  Sect. 11.1 of 1982 Progress Report). I f  we are 

. .  1019289 5 



a b l e  t o  analyze the  -11 amounts of m a t e r i a l  t h a t  can be separa ted  f o r  enough 

elements t h a t  a r e  of i n t e r e s t  i n  t h e  chemistry of n a t u r a l  waters ,  we vi11 

a t t e q t  t o  continue the  study under support  of o ther  agencies. 

C. NBS Coal Standard Reference U a t e r i a l s  

We vlll soon complete t h e  ana lyses  of the  new coa l  s tandards ,  SRX 2682 t o  

2685 ( i n  co l l abora t ion  wi th  Dr .  R. M. Lindstrom of NBS). While these  w i l l  be 

c e r t i f i e d  as engineer ing s tandards ,  major and t r a c e  element d a t a  are o f t e n  

va luable  i n  coal-related s t u d i e s  r equ i r ing  t h i s  kind of standard.  As pointed 

o u t  i n  t h e  1982 Progress  Report, PCM is  a r e l i a b l e  method f o r  determining 

s u l f u r  and 15 or  so o the r  elements. 

D. Geological Samples 

1. Bore-Hole Samples 

We plan  t o  cont inue our co l l abora t ive  e f f o r t  with Dr.  H. Bivens and Dr .  - 
J. Harris of Sandia Labora tor ies  In t he  eva lua t ion  of bore-hole samples and 

r e l a t e d  standards. - B y  c o r r e l a t i n g  our -e lementa l  PGAA analyses  with Sandia 's  

t o t a l -  cross-section measurements on t h e  same samples, the  Sandia group is 

developing a model f o r  i n  s i t u  measurements of the  compositions of rocks 

around the  bore holes  a t  var ious depths. 

made by lowering a 14-MeV neutron genera tor  and Ge(Li) de t ec to r  i n t o  the bore 

Such i n  s i t u  measurements would be 

hole. 

d e f i n i t i v e  information about the  compositions of wall rocks than is  now 

obtained by conventional well-logging procedures. The implicat ions of such 

system i n  searching f o r  petroleum, uranium and many other  mineral  resources  

are enonnou6. 

This system, i f  it can be successfu l ly  developed, w i l l  g ive  f a r  more 

2. USGS and NBS Rock Standards 

A8 described i n  Sects. 1I.E and II1.B of the  1982 Progress Report, we 

a 

are making exce l len t  progress on t h e  ana lyses  of the  two NBS rock SRMs and t h e  

t 019290 6 



17 USGS s tandard  rockr. We plan t o  complete t h e  ana lyses  very soon and 

publ i sh  the  r e s u l t s .  

3. New Geological Samples 

We p lan  t o  eva lua te  so= geologica l  s tandard0 t h a t  r ecen t ly  became 

avai lab le :  a series of Canadian re ference  s o i l s  and the  I n t e r n a t i o n a l  Atomic 

Energy Agency (IAEA) standards SOIL-1 and SL-1 (Lake Sediment). The PGM 

technique has the advantage of allowing us t o  observe the  major c r u s t a l  

elements and, in t he  case  of 80118, we may be a b l e  t o  observe the  C and N 

concent ra t ione ,  as w e l l  as the  important trace elements B and Cd. 

E. Organic and Bio logica l  Samples 

1. T o t a l  Chlorine i n  PCB Standard Reference Material 

We are col labora t ing  with the  NBS s t a f f  i n  t h e  c e r t i f i c a t i o n  of two new 

SRMa for polychlor inated biphenyls (PCBs). They are t o  c e r t i f y  the  t o t a l  C l  

concent ra t ion  i n  these  SRMs, but have been having d i f f i c u l t y  doing so with 

ins t rumenta l  neutron a c t i v a t i o n  a n a l y s i s  (INAA) because of t he  l o s s  of 

v o l a t i l e  spec ie s  of C1 a f t e r  i r r a d i a t i o n s .  The PCBs themselves are viscous 

l i q u i d s  of high molecular weight and no t  very v o l a t i l e .  However, Szflard- 

Chalmers e f f e c t s  following prompt y-ray emission can r e l e a s e  t h e  C 1  atoms from 

t h e i r  o r i g i n a l  bands. We f e l t  t h i s  p r o j e c t  would be a good opportunity t o  

demonstrate one of t he  advantages of PGAA with  respec t  t o  INAA, namely t h e  

f a c t  t h a t  t h e  prompt y rays are emit ted i n  such shor t  times a f t e r  neutron 

capture  t h a t  t he re  le no opportuni ty  f o r  t h e  newly formed atom t o  move away. 

Af t e r  t h e  prompt y rays  have been observed i n  PGAA, it doesn't a f f e c t  the  

results i f  the  spec ies  is 1 0 6 t  from the  sample. 

Our i n i t i a l  experiments with the  PCBs, however, brought t o  our a t t e n t i o n  

t h e  problem of measuring C 1  i n  organic  matrices discussed i n  the  1982 Progress 

Report (Sect. 11.D). Brief ly ,  t h e  apparent concentrat ions of C1 measured by 



p w  a r e  about 10% too  high i f  the  sample contain8 8 s e v e r a l  percent  conctntra- 

t i o n  of hydrogen (vs. a r tandard  containing l i t t l e  H ) .  

our inves t iga t ion  of t h a t  problem ve can e a s i l y  d e t e d n e  the  C 1  concentrat ions 

of t he  PCB standards.  

Aa soon as ve complete 

2. 

In t he  1981 Progress  Report we described our  cooperat ion e f f o r t s  with 

National Environmental Specimen Bank Samples 

people from the  Nat ional  Environmental Specimen Bank at NBS t o  develop PGAA 

methods for  the  a n a l y s i s  of human l i v e r  samples. 

EPA ( t o  NBS), t he  PGM system has been used t o  analyze a number of l i v e r  

samples f o r  8, B, C, N, Ne, P, S, C1, K and Cd (Harrison -- e t  al., 1981). 

In work supported mainly by 

During 

the  coming year,  they ~ I l l  be c o l l e c t i n g  two new types of environmental  

samples: mssels from c o a s t a l  waters  of the U.S. and some kind  of g ra in  (not 

y e t  determined). We plan  t o  explore  the  use of PGAA on t h e s e  types of samples. 

3. IAEA Bio logica l  Standards 

As descr ibed i n  Sect. 1I.E of the  1982 Progress  &-port, are in the  midst 

of analyzing the  M A  b io log ica l  samples, Animal Blood and Cel lulose.  The . 

PGAA work Is e s s e n t i a l l y  complete, as w e l l  as INM f o r  shor t - l ived  spec ies  

(not  l i s t e d  i n  t h e  Progress  Report). We w i l l  f i n i s h  the  INAA f o r  long-lived 

spec ie s  and r epor t  t he  r e s u l t s  wi th in  a month. 

t he  new IAEA s tandards V-8 (Rye Flour) ,  HA-A-1 (Copepod Homogenate) and H-4 

In add i t ion  we p lan  t o  evaluate  

(Animal Muscle) i n  order  t o  add t o  the  r a the r  sparse  da ta  now a v a i l a b l e  on them. 

4. Boron Uptake by Cells 

We plan t o  i n v e s t i g a t e  the  use of PGM f o r  the  measurement of boron doped 

i n t o  human cells. 

co l l abora t e  on t h i s  " f i r s t - look"  experiment. 

D r .  Harry Hadd of the  Universi ty  of Indiana-Gary w i l l  

Be is working on B neutron- 

.capture work f o r  the  purpose of cancer therapy, and v ishes  t o  measure the  

uptake of t h i s  element by -10' cells i n  a c u l t u r e  t o  which the B s o l u t i o n  is 

1 0 1 9 2 9 2  
8 



./ I 

added. 

l e v e l s  f o r  var ious types  of malignant t i s s u e s .  If cancerous t i s s u e  i n  a 

l i v i n g  subject  could absorb boron and then be subjec ted  t o  neu t ron - i r r ad ia t ion ,  

t h i s  treatment could,  perhaps,  p r e f e r e n t i a l l y  destroy the  malignancy. 

P. I n d u s t r i a l  Samples 

This could hopefu l ly  lead t o  t h e  de te rmina t ion  of optimum B-doping 

As we f e e l  t h a t  PGAA has many p o t e n t i a l l y  important i n d u s t r i a l  appl ica-  

t i o n s ,  we occasional ly  analyze eamples f o r  which PGM might be e s p e c i a l l y  

useful.  

are not  very i n t e r e s t e d  unless  one has a l ready demonstrated t h e  system's 

a n a l y t i c a l  c a p a b i l i t i e s  with t h e i r  p a r t i c u l a r  kinds of material.) 

yea r ' s  proposal we i n d i c a t e d  our i n t e r e s t  i n  analyzing a s e r i e s  of commercial 

(From d i scuss ions  wi th  people from many i n d u s t r i e s ,  ve f i n d  t h a t  they 

I n  last  

glasses .  

g l a s ses  contain elements of high c ross  sec t ions ,  which was the  reason we 

We began the work t h i s  year,  but  encountered the  problem t h a t  many 

- expected PGAA t o  be e s p e c i a l l y  app l i cab le  t o  them. However, concent ra t ions  of 

t hese  elements, e s p e c i a l l y  B and Cd, are o f t e n  so g r e a t  t h a t  neutron s e l f -  

sh i e ld ing  i s  a very s e r i o u s  problem. 

glasses .  

p ro j ec t  (Sect. II.A.2 above and Sect. 1I.C of t he  Progress Report) ,  i n  which 

w e  encountered the  same problem with B4C-Al203 p e l l e t s .  In t h e  work on t h a t  

p ro j ec t ,  we developed methods f o r  handl ing such materials, inc luding  pulver- 

i z i n g  the  samples and mixing the  powder q u i t e  thoroughly with powered g raph i t e ,  

which d i l u t e s  the  high cross-sect ion m a t e r i a l  enough t h a t  we can make r e l i a b l e  

PGAA studies .  We plan  t o  r e t u r n  t o  t h e  g l a s s  study soon by use of t h i s  method. 

G. Archeological Samples 

Because of t h a t ,  we stopped work on the  

In t he  meantime, we have been working on the burnable poisons 

We plan t o  f i n i s h  t h e  PGAA measurements on pot te ry  shards from 

Alexandria, VA, and from New Je rsey  soon and publ ish the r e s u l t s  (see Sect. 

1I.H of 1982 Progress  Report). 

1 0 1 9 2 9 3  
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H. Equipnent Changes 

1. In-Beam F l u x  Monitor 

We are consider ing i n s t a l l a t i o n  of an in-beam f l u x  m n i t o r  i n  the  NBS 

system. 

t i on ,  which y i e l d s  v a r i a t i o n s  of up t o  3% due t o  sample geometry and f l u x  

changes. Some sort of permanent and accu ra t e  on-line, real t i m e  measurement 

Present ly  we i r r a d i a t e  a C r  Boni tor  once per day i n  t h e  sample posi- 

of each sample would reduce our sys t ema t i c  e r r o r s  s i g n i f i c a n t l y .  One possi- 

b i l i t y  would be t he  use of Rh wire near  t he  sample pos i t ion ,  as neutron 

capture  form a 45-sec pure 0-emit ter ,  which would come i n t o  equi l ibr ium a f t e r  

a few minutes of i r r a d i a t i o n .  AB i t  emi ts  no y rays, i t  would not  increase  

t h e  background and one could monitor t h e  c u r r e n t  r e s u l t i n g  from the  8 

emission. Such a system has been used success fu l ly  a t  Livermore. 

2. Addit ional  Data Eandling F a c i l i t i e s  

As noted i n  the  1982 Progress  Report (Sect. VI, we have rece ived  funds 
- 

t o t a l i n g  $98,000 from NSP and t h e  Univers i ty  t o  upgrade our data-acquis i t ion  - 

and -treatment f a c i l i t f e e .  S p e c i f i c a t i o n s  have been wr i t t en  €or t he  equipment 

and we a r e  n w  awaiting t h e  long approval  process  of the  S t a t e  of Maryland 

t h a t  is  unfortunately required f o r  a l l  purchases of computer-related equipment. 

As soon as t h e  equipment i s  i n s t a l l e d ,  we should be ab le  t o  process da ta  from 

t h i s  p ro jec t  m c h  more rap id ly  than a t  present.  

3. Righ Voltage Power Suppl ies  

We have been. supplying high vo l t age  power t o  our Ge(L1) d e t e c t o r s  with 

b a t t e r y  packs f o r  a number of years.  The d e t e r i o r a t i o n  of t h e  capac i tors  has 

reached t h e  poin t  where w e  m s t  r ep lace  these  uni t s .  As d e t e c t o r s  are m c h  

b e t t e r  a b l e  t o  withstand l o s s  of power and commercial e l e c t r o n i c  power 

supp l i e s  more r e l i a b l e  and l e s a  noi8y, we w i l l  use e l e c t r o n i c  replacement 

uni t s .  

I 019294 
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4. 

We expect to  try several  d i f ferent  arrangements for the mounting and 

Shielding and k u n t i n g  for  the 252Cf Source 

ehielding of the Z s 2 C f  source. 

dismantling of the cylcotron but constmet ion and machining w i l l  be required. 

A number of items are avai lable  from the 

11 



1 . I ,  , I . , I ,  

111. 252Cf-BASED SYSTW 

A. Set-Up and Tests of 2S2Cf F a c i l i t y  

Ye plan t o  cont inue  the development of the  labora tory  PCAA system based 

on t he  252Cf neutron 80urce (see Sect  I V . B  of 1982 Progress Report) .  We now 

have a graduate  s tuden t  working on t he  p r o j e c t  and have worked ou t  t h e  computer- 

i n t e r f a c i n g  f o r  t h e  m l t i c h a n n e l  analyzer  t h a t  w i l l  be used a t  t h e  source and 

have personnel eh ie ld lng  i n  p lace  f o r  our prototype system (descr ibed i n  the  

1982 Progess Report). We now need to  cons t ruc t  sh ie ld ing  f o r  t h e  Ce(L1) 

d e t e c t o r  before =king t h e  f i r s t  measurmente on real samples and standards.  

Then we will pursue two l i n e s  of work: 

1. Use the e x i s t i n g  prototype t o  determine compositions of i n t e r e s t i n g  

samples of s e v e r a l  types (Cog., geological, i n d u s t r i a l ,  b io log ica l )  

t o  test t h e  va lue  of such a system i f  it were placed i n  a labora tory  

o r  indus t r i  a1 envi  ronmen t . 
2. We w i l l  work'taward an optimal design of the  source,  s h i e l d i n g  and 

d e t e c t o r  conf igu ra t ion  by a combination of experiments wi th  simple 

geometries and c a l c u l a t i o n s  of neutron t ranspor t  and energy spec t ra ,  

t h e  l a t te r  i n  co l l abora t ion  with Hr. Ray Hoover here  a t  the  Universi ty ,  

o r  with t h e  Sandia Labora tor ies  group. After  these experiments a r e  

complete, we w i l l  bu i ld  a more permanent set-up. 

B. 252Cf-Baeed Measurements on Small Sources 

D r .  Jack Trombka of NASA-Goddard has made PCAA experiments using very 

small sources  (1-10 pg)  of 252Cf and very l a r g e  "samples", e.g., b r ick  w a l l s .  

As we have a small source ( i n  add i t ion  t o  the  150-vg source),  we p lan  t o  

measure prompt y-ray s p e c t r a  from a v a r i e t y  of very la rge  samples. 

12 
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I V .  H I G H  RESOLUTION SPECTRUX 

As noted in Sect. 1V.A of the  Progreee Report, we attempted t o  i r r a d i a t e  

a sample of NBS SRM 1633 Fly Ash a t  the  Crenoble (Prance) reactor i n  order  t o  

o b t a i n  a very high r e s o l u t i o n  y-ray s p e c t n m  up t o  about  2 HeV using t h e i r  , 

bent -crys ta l  spectrometer.  The experiment was terminated because of problems 

wi th  t h e  r eac to r ,  bu t  t h e  r e a c t o r  i e  now opera t ing  and people t h e r e  w i l l  put 

t h e  sample on and run it .  We Vi11 rece ive  a magnetic tape conta in ing  the  data 

and do t h e  analyses  here. 

V. PROMPT GAMMA-RAY LIBRARY 

There is  a g r e a t  need f o r  a r e l i a b l e  " l ib rary"  of prompt y-ray spec t r a  of 

t h e  elements. 

but  t h e  la tes t  one (Lone e t  al., 1981) hae mny e r r o r s  and i t  conta ins  many 

We had hoped t h a t  o the r  workers would compile such a l i b r a r y ,  

l i s t i n g s  from Rasmussen et  al. (1969) which we have found t o  s u f f e r  from -- 
i nc lus ion  of impurity l i n e s  i n  t h e  "pure" element s p e c t r a  as w e l l  a s  having 

occas iona l  e r r o r s  of y-ray energ ies  of more than 1 keV. We in tend  t o  begin 

consol ida t ion  of mch of our  d a t a  on elemental  s tandards i n t o  a prompt y-ray 

l i b r a r y  and, i f  t he re  are se r ious  gaps, n m  spec t r a  of add i t iona l  elements. 

We expect t o  rece ive  p a r t i a l  support  f o r  t h i s  work from Sandla Laboratories.  
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I V .  EIGE RESOLUTION SPECTRIM 

As noted i n  Sect. 1 V . A  of t h e  Progress Report, ue attempted t o  i r r a d i a t e  

a sample of NBS SRM 1633 Fly Ash a t  t h e  Grenoble (France) r e a c t o r  i n  order  t o  

ob ta in  a very high r e s o l u t i o n  y-ray spectrum up t o  about 2 MeV using t h e i r  

bent -c rys ta l  spectrometer.  

wi th  t h e  r eac to r ,  but  t he  r e a c t o r  is nou opera t ing  and people t h e r e  w i l l  put 

t h e  sample on and run it. 

and do the  analyses  here. 

The experiment was terminated because of problem 

We Vi11 rece ive  a magnetic tape  conta in ing  the  da ta  

V. PROPiPT GAPIMA-RAY LIBRARY 

There is  a g r e a t  need f o r  a r e l i a b l e  " l ib rary"  of prompt y-ray spec t r a  of 

t h e  elements. We had hoped t h a t  o the r  workers would compile such a l i b r a r y ,  

but  t h e  l a t e s t  one (Lone -- et al., 1981) has many e r r o r s  and i t  conta ins  many 

l i s t i n g s  from Rasmussen et al. (1969) which we have found t o  s u f f e r  from 

inc lus ion  of impurity l i n e s  i n  t h e  "pure" element s p e c t r a  as w e l l  as having 

occas iona l  e r r o r s  of y-ray ene rg ie s  of more than 1 keV. We intend t o  begin 

-- 

consol ida t ion  of nuch of our d a t a  on elemental  etandards i n t o  a prompt y-ray 

l i b r a r y  and, i f  t h e r e  are s e r i o u s  gaps, xun spectra of add i t iona l  elements. 

We expect t o  rece ive  p a r t i a l  support  f o r  t h i s  work from Sandla Laboratories.  
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