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Recent Progress: 

They continued the development and testing of the neutron-capture prompt 
y-ray activation analysis (PGAA) method. A wide range of NBS Standard 
Reference Materials, USGS Standard Rocks and other materials have been 
analyzed in order to Identify elements whose lines can be observed, 
determine interferences and detection limits for each important y ray 
of obeervable elements and measure concentrations of observable elements 
for comparison with certified or other previous results. 

The reeulte of these tests have been quite favorable. 
"crustal" samples (rocks, minerals, coal, fly ash, etc.), concentrations 
of 16 to 20 elements can be determined. Although PGM is very sensitive 
for several trace elements (e.g. ,  B, Cd, Nd, Sm and Gd), it is much more 
of P major element method than off-line instrumental neutron activation 
analysis (INAA). One can, for example, meaeure concentratione of most 
of the major elements usually measured by geochemist8 in rocks and minerals. 
This is demonstrated by the fact that vhen one Bums the masses of the 
commOn oxidee of the measured elemente, the sum is typically from 95 to 
99% for most rocks and fly ashes. If the samples contain much organic 
material (e.g., coals, biological samples), H, C, N and S can usually 
be maasured. Because of their l w e r  concentrations, many elements that 
are observable in crustal materials cannot be measured in biological samples. 

In most types of 

Another important result of this vork ha0 been finding that the accuracy 
of PGM le considerably better than that of INAA for many elements that 
are measurable by both methode. 
Including the avoidance of timing errors, the ability to use several 
prompt linee for most elemente and the ability to collect data for very 
long periode to build statistice. The high accuracy also Indicates that 
their methods for positioning samplee, using a Cr standard to normalize 
flux and geometry variations and avoiding self-abeorption problems have 
been successful. I 

There are several reasons for this 
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During the year they achieved operation of the full detection system on- 
line by connecting up the NaI(TL) annulus detector to operate in the 
Compton-suppression and pair modes. Both types of spectra are much 
simpler than the singles spectra at high energies. This makes it 
possible to remove ambiguities in the identities of lines and detect 
interferences between single- and double-escape peaks with full energy 
peaks of lower energy y rays. 
suppressed spectra do not look dramatically different from the singles 
spectra, the general backgrounds due to Compton events are reduced enough 
to lower the detection limits for various elements by an average factor 
of 1.7 in coal samples. 

At lower energies, although the Compton- 

They have investigated the possible use of PGAA as the detection system 
for stable isotope tracing in medical studies of people who cannot be 
injected with radioactive tracers; pregnant women and persons under age 
18. Present estimates are that experiments would require such large 
quantities of stable isotope tracer as to be nearly prohibitively 
expensive. However, further improvements may be possible, e.g., the use 
of PGAA and I W .  

The utility of PGAA in the study of volcanic materials and of floc from 
a water treatment plant has been demonstrated. 

Publications: 

1. D. L. Anderson, M. P. Failey, W. H. Zoller and G. E. Gordon, Neutron- 
Capture Prompt Gamma-Ray Activation Analysis: Multi-Element Measurements 
on Various Materials, in Neutron-Capture Gamma-Ray Spectroscopy, R. E. 
Chrien and W. R. Kane, ede. (Plenum Press, Nev York, 1979), pp. 546-548. 

2. M. P. Failey, D. L. Anderson, W.. H. Zoller, G. E. Gordon and R. M. 
Lindstrom, Neutron Capture Prompt y-Ray Activation Analysis for Hulti- 
Element Determination in Complex Samples, Anal. Chem. (in press, 1979). 

Two additional papers are in preparation. 

Proposed Research: 

During the coming year, they propose to focus their efforts on reducing 
backgrounds and increasing eensitlvities fo r  observation of various y rays, 
especially at lov energies. 
to lower detection limits for element6 now observable and to extend the 
PGM method to additional elements. They also plan to extend the analytical 
studies t o  new classes of eamples, with emphasis on samples relevant to 
energy aources. In addition, they plan to up-grade their data handling 
capabilities. 

With these improvements they hope to be able 
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The limits of detectability for elements with major y-ray transitions below 
400 keV are large because of the presence of a large quantity of y radiation 
scattered from the beam by the target itself. As this radiation originates 
at the target, the Compton suppression system does not reduce it significantly. 
Over 99.9% of this y radiation can be eliminated by placing an oriented single 
crystal of very highly purified Bi cooled to liquid nitrogen temperature In 
the beam. Moreover, 94% of the fast neutrons can also be eliminated while 
the flux of thermal neutrons would be reduced by only 50%. 
of the low energy background would lower the limits of detectability for 
a number of important elements. 

The reduction 

Although the loss of 50% of the neutrons will reduce the efficiency in the 
current geometry, the near elimination of the fast neutrons will permit 
them to move the Ge detector and NaI annulus closer to the target without 
risk of neutron damage to the detector. 
impressive efficiency gain vi11 come from adding a smaller hyperpure Ge 
detector much closer to the target. 

In summary, the Bi crystal will do two things that are interrelated: it 
will eliminate the low-energy y radiation and, thus, lower detection limits 
for elements with intense low-energy y raye, and it will reduce the fast 
neutron flux so that they can move detectors closer to the beam, thus 
improving their counting efficiencies. Moreover, these changes Vi11 improve 
the precision and accuracy for elemente that are now observed if low-energy 
y rays are used in the quantitative determination. 

For the low energy y rays, a more 

A second source of scattered neutrone and y radiation is the beam stop. 
They plan to rebuild it to reduce ecattered neutrons and better shield 
out y rays arising from (n, Y )  reactions in the B In the beam stop. The 
current stop vas one of the firet components built three years ago and 
utilizes a large amount of borated polyethylene to absorb fast neutrons. 
Subsequent experience has indicated that the B content of the polyethylene 
is too low and that they would have a much more effective stop if they 
replace it with B4C in a plastic matrix. They also plan t o  redesign the 
lower plate of the beam atop and the entrance hole into the stopping 
mat erlal. 

In the area of data analysis, they wish to add a display scope and keyboard 
to improve the peak-Identification and interference-removal methods in their 
interactive data-analysis procedure. 
NaI annulus have had a eubotantlal effect on their capacity to identify 
peaks and determine lnterferenceo. 

The new data generated by use of the 

Comments and Recommendations: 

This project has made very good progress during its three years of funding. 
The fourth year should bring the Instrumentation to the point that the 
next renewal could be terminal. This has been discussed with the 
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principal investigators and they agree that if all goes well two more years 
should essentially finish the research needed to bring this new analytical 
tool to the point of use by others. 
Professor Gordon and he has assured me that they can still install the Bi 
crystal system although I can't find all of the funds requested. They have 
requested $112,478. 
Doe to the stated contribution of the university and our continued interest 
in the use of this analytical tool I also recommend that title to any 
equipment purchased on this contract be vested in the university. 

I have discussed the budget with 

I recommend renewal with $105,000 of new FY 1980 funds. 

Walter J. Haubach 
Processes & Techniques Branch 
Division of Chemical Sciences 
Office of Basic Energy Sciences 
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I. 1NTRODUCTION 

As detailed i n  our 1979 Progress Report [ORO-5173-003], our principal 

accanplishnents d u r i n g  the p a s t  year can be broken down i n t o  several categories: 

'Data collection - Compton suppressor and p a i r  spec t r ae t e r  were 

brought into operation and tested. 

'Data analysis - Modified interactive prograns for use w i t h  

p a i  r and Compton-suppression modes. 

'Tests of accuracy Determined compositions o f  many National 

Bureau of Standards (NBS) Standard Reference 
and Preci sion - 

Materials ( S R M ) ,  obtaining excellent agree- 

ment w i t h  NBS values and other reported mea- 

surenents; performed analyses for  several 

elements n o t  pt cer t i f ied  by NBS. 

'Applications to  Measured concentrations o f  many elenents i n  a 

wide range of U. S. Geological Survey (USGS) 

standard rocks plus  a number o f  samples from 

Additional Types 
of Samples - 

Antarctica. 

'Isotopic Ratios - We have begun t o  explore the possibi l i t ies  o f  

u s i n g  neutron-capture prompt r-ray activation 

analysis  (PGAA) for de tec t ing  differences i n  

isotope ratios of elenents such as S i ,  Fe and 

Mg i n  rocks, minerals and biological samples 

and the possibil i ty of detecting stable iso- 

tope t racers  i n  medical studies. 
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Dur ing the  caning year, we propose t o  focus our e f f o r t s  on reducing back- 

grounds and increas ing  s e n s i t i v i t i e s  fo r  observat ion of var ious rays,  espec ia l l y  

a t  low energies.  With these improvements we hope t o  be able t o  lower de tec t ion  

l i m i t s  f o r  elements now observable and t o  extend the PGAA method t o  add i t iona l  e l *  

ments. We a lso  p lan  to extend the a n a l y t i c a l  s tud ies t o  new c lasses o f  samples, 

w i t h  emphasis on samples re levan t  t o  energy sources. 

grade our data hand1 i n g  c a p a b i l i  t i es .  

I n  add i t ion ,  we plan to u p  

11. PROPOSED SYSTEM CHANGES 

The l i m i t s  o f  d e t e c t a b i l i t y  f o r  e lenents  w i t h  m a j o r  Y - ray  t r a n s i t i o n s  below 

400 key a re  l a r g e  because of the presence of a l a r g e  quant i t y  o f  Y r a d i a t i o n  scat- 

t e r e d  fran the  beam by the  t a r g e t  i t s e l f  (see F ig.  1 ) .  As t h i s  r a d i a t i o n  o r i g i n -  

a t e s  a t  the  ta rge t ,  t h e  Compton suppression system does n o t  reduce i t  s ign i f i can t -  

ly. Over 99.9% o f  t h i s  Y r a d i a t i o n  can be e l im ina ted  by p lac ing  an or ien ted  s ing le  

c r y s t a l  of very h i g h l y  p u r i f i e d  B i  cooled t o  l i q u i d  n i t rogen temperature i n  the 

beam. Moreover, 94% o f  the  fas t  neutrons can a l so  be e l iminated w h i l e  the f l ux  of 

thermal neutrons would be reduced by o n l y  50%. 

The reduc t i on  o f  the l o w  energy background would lower the l i m i t s  o f  detect- 

a b i l i t y  f o r  a number of impor tant  elenents. I n  our o r i g i n a l  proposal f o r  t h i s  pro- 

j e c t ,  we ca l cu la ted  the count r a t e s  expected f o r  the most in tense y ray o f  each 

element dur ing  i r r a d i a t i o n  of l o g  of average c r u s t a l  meter ia l .  We reproduce a por- 

t i o n  o f  t h a t  t a b l e  i n  Table 1. Our c a l c u l a t i o n s  were qu i te  r e l i a b l e ,  as we have 

been ab le  t o  observe. a l l  b u t  two of  the f i r s t  17 on the l i s t  i n  c rus ta l  type 

samples (USGS) rocks and M3S f l y  ash1 , p l u s  the  28th element, V. Note t h a t  t h e  un- 

observed elements among the top 17, Eu and Sc, have t h e i r  most in tense predic ted 

peaks a t  329 and 229 key, repec t ive ly .  The l a t t e r  may be impossible to observe 

because o f  t h e  peak fran Fe and Sm a t  230.2 keV, b u t  the former migh t  w e l l  become 
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observable if the background a t  329 keV were reduced. Also,  no te  t h a t  the most i n -  

tense peaks for  many e lenents f u r t h e r  down the  l i s t  f a l l  below 400 keV. Thus, if 

we cou ld  g r e a t l y  reduce the background i n  t h i s  reg ion,  we cou ld  poss ib ly  measure 

concent ra t ions  of many o f  these elenents. It must be noted, however, t h a t  some of 

t h e  l i n e s  l i s t e d  may f a l l  under other  in tense peaks, as i n  the  example o f  the Eu 

l i n e  noted above. On the o the r  hand, t h e  most in tense peak i s  usua l l y  n o t  the on ly  

peak observable and of ten i t  i s  no t  the b e s t  one f o r  measurements, as  a l ess  in- 

tense peak may f a l l  i n  a c leaner  area o f  t he  spectrum. Thus, t he  l i s t  on Table 1 

i s  o n l y  an i n d i c a t i o n  of what m i g h t  be poss ib le ,  n o t  a guarantee. 

Two impor tan t  elements n o t  l i s t e d  i n  the  o r i g i n a l  proposal were U and Th, f o r  

which no data were g iven i n  Ramussen's compi la t ion  of capture spect ra (because o f  

c a n p l i c a t i o n s  caused by f i ss ion-produc ts  l i n e s ? ) .  Both elements w i l l  have low- 

energy capture l i n e s  and we have had unconfirmed i n d i c a t i o n s  o f  U l i n e s  i n  spectra 

taken wi th  our present  set-up. Thus, these e lenents  may a l so  become observable. 

From recent  s tud ies  o f  t he  capture gamma-ray spect ra o f  Th and U, we can see 

t h a t  we w i l l  be about 10 t imes more s e n s i t i v e  t o  U than t o  Th. I n  the  23811 (n,y) 

r e a c t i o n  (M. R. Schniorak, Nucl. Data Sheets 21, 153, 1977), t he  133.8-keV gamma 

r a y  has an i n t e n s i t y  of  23/100 n captures, whereas i n  Th there  are  no strong y 

rays,  o n l y  several low energy l i n e s  (e.g., 256, 319, 336 keV) w i t h  i n t e n s i t i e s  o f  

1.5/100 and Fe h igh  energy l i n e s  w i t h  i n t e n s i t i e s  g rea te r  than 1/100 ( Y .  A. E l l i s ,  

Nucl Data Sheets - 24, 289, 1978). 

- 

The l i s t  o f  Table 1 i s  fo r  the c r u s t a l  abundance pat tern.  One would, o f  

course, g e t  q u i t e  a d i f f e r e n t  order  o f  elements f o r  b i o l o g i c a l ,  marine o r  other 

types  o f  samples . However, reduc t i on  o f  the  low energy background should reduce 

d e t e c t i o n  l i m i t s  fo r  a number o f  e lenents  i n  these types o f  samples, too. 

5 



Although the loss o f  50% of the neutrons will reduce the efficiency i n  our 

cur ren t  geometry, the near el imination o f  the fast  neutrons wi 11 pemi t us t o  move 

the large ( > 2 0 % )  Ge detector and NaI a n n u l u s  closer to  the ta rge t  w i t h o u t  r i s k  o f  

neutron damage to the detector. For the low energy rays,  a more impressive eff-  

iciency g a i n  will come from adding a smaller (10%) hyperpure Ge detection much 

c loser  to the target.  

In summary, the B i  crystal  will do two t h i n g s  t h a t  a r e  interrelated:  i t  will 

eliminate the low-energy Y radiation and, thus, lower detection limits f o r  elements 

w i t h  intense low-energy Y rays, and i t  will reduce the f a s t  neutron flux so t h a t  we 

can move detectors closer t o  the beam, thus improving t h e i r  counting efficiencies. 

Moreover, these changes will improve the precision and accuracy fo r  elements t ha t  

we now observe i f  low-energy Y rays a re  used i n  the quantitative determination. 

A second source o f  scattered neutrons and Y radiation i s  the beam stop. We 

wish t o  rebuild i t  to  reduce scat tered neutrons and be t te r  shield out rays aris- 

i n g  from ( n , Y )  reactions i n  the 6 i n  the beam stop. The current stop was one of 

the f i r s t  components b u i l t  three years  ago and u t i l i z e s  a large amount o f  borated 

polyethylene to  absorb f a s t  neturons. Subsequent experience has  indicted t h a t  the 

B content of the polyethylene i s  too low and  t h a t  we would have a much  more effec- 

t iv . ;  stop i f  we would replace i t  w i t h  B4C i n  a plas t ic  matrix. We also need to 

redesign the lower plate of the beam stop and the entrance hole into the stopping 

material 

These two improvements should reduce both neutron and y-ray backgrounds and 

substant ia l ly  improve the detection limits for elements w i t h  major y rays w i t h  en- 

e rg ies  below 400 keY. I t  should be noted t h a t  the l a t t e r  improvement i s  needed 

even i f  we make the former. The B i  crystal  should improve our Cd ra t io  from 55/1 

t o  about 1000/1. W i t h  a f l u x  of -108 n l c d l s e c ,  t h i s  s t i l l  leaves a formidable 105 

f a s t  neutrons/cm2/sec to  be handled i n  the beam stop. 

1 0 1 9 1 3 8  
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In the area of d a t a  analysis,  we wish to  add a display scope and keyboard t o  

improve the peak-identification and interference-renova1 methods i n  our interactive 

data-analysis procedure. The new data generated by use o f  the NaI a n n u l u s  have had 

a substantial e f f e c t  on our capacity t o  ident i fy  peaks and deternine interferences. 

We can presently display only one spectrum or portions thereof a t  one time. In 

F i g .  2 we show the same energy range for the singles,  pair  and Compton-suppressed, 

o r  " f u l l  energy", spectra. We use the term "fu l l  energy" as the suppression re- 

qui renents el iminates more than just Compton processes, b u t  al so great ly  reduces 

the single-and doubleescape peaks. Thus,  the ful l-energy peaks a re  greatly en- 

hanced relat ive t o  other features of the spectrum. On the other hand, the pa i r  re- 

quirements appear to  almost COmpl  e te ly  e l  iminate full-energy peaks and greatly re- 

duce single-escape peaks. By viewing these three spectra together, clear peak 

ident i f ica t ion  i s  easi ly  made and interference levels readily determined. Such a 

capabil i t y  i s  particul ar ly  important a s  we expl ore the analysis of new types of 

samples and t ry  t o  detennine the accuracy and precision that  can be achieved for 

t he  elements i n  each of them. 

111. NEW TYPES OF SAMPLES 

During the next year, we w i l l  investigate the appl ication o f  PGAA t o  several 

additional classes of samples. The  technique has already shown i t s e l f  t o  be a use- 

f u l  complement t o  INAA and other methods i n  the analysis o f  coal, f l y  ash and 

rocks, i n  which about 17 elements can usually be measured reliably. One point t h a t  

we d id  n o t  ful ly  appreciate before testing the PGAA method i s  t h a t  i t  i s  capable o f  

yielding very h i g h  accuracies f o r  elements w i t h  strong peaks. The reasons for t h i s  

are:  

8 



1. samples can be i r r a d i a t e d  f o r  very long per iods t o  b u i l d  up good s t a t i s -  

t i c s  (and we ‘ve  o f ten  run 20-hr spectra when cha rac te r i z ing  standards); 

fo r  many elements, t h e r e  are  a t  l e a s t  f i v e  strong l i n e s  upon which t o  base 

and cross-check the ana lys is ;  and 

2. 

3 .  t he re  are  no appreciable dead-time fac to r  changes w i t h  t ime o r  other t i m -  

i n g  e r r o r s  o f  the s o r t  t h a t  c o n t r i b u t e  t o  o v e r a l l  e r r o r  i n  INAA measure- 

ments o f  e l m e n t s  w i t h  s h o r t - l i v e d  products. 

Because o f  t he  demonstrated accuracy and r e l i a b i l i t y  o f  PGAA, t he  A c t i v a t i o n  Analy- 

s i s  Sect ion a t  NBS i s  beginning t o  use the  method i n  t h e i r  c e r t i f i c a t i o n  procedures 

f o r  new SRMs. 

Below i s  a b r i e f  o u t l i n e  of  the  types o f  samples t h a t  w i l l  be s tud ied by 

PGAA. 

A. Energy Related Samples 

The value o f  PGAA as appl i e d  t o  coal  and f l y  ash has been d m o n s t r a b d ,  a l -  

though a d d i t i o n a l  e l m e n t s  may become measurable w i t h  the improvements proposed i n  

Sect. 11. Note t h a t  these d e t a i l e d  s t u d i e s  of the prompt y-ray spectra should be 

o f  va lue  t o  groups a t  the Nat ional  Labora tor ies  who a r e  developing rea l - t ime 

methods (based on Z5*Cf)  for ana lys i s  of product  streams i n  f o s s i l - f u e l  reatment 

p lants .  

Dur ing the  next  year, we w i l l  focus more on the ana lys is  o f  pe t ro lem- re la ted  

samples: Crude o i l  and i t s  d i s t i l l e d  and res idua l  f ract ions,  o i l  shale, t a r  sand, 

etc. We w i l l  begin by study o f  NBS standard res idual  o i l  (SRM 16341, which has 

proven t o  be much more d i f f i c u l t  t o  analyze by conventional methods than coal and 

f l y  ash. We already have a number o f  crude o i l s  fran o i l  companies and, i n  some 

cases, t h e  var ious f r a c t i o n s  from those crudes. We w i l l  also have an oppor tun i ty  

t o  run some very low b o i l i n g  f r a c t i o n s  such as gasol ine,  which can be placed i n s i d e  

a r e a c t o r  o n l y  under very c a r e f u l l y  c o n t r o l l e d  condi t ions,  b u t  which should present 

1 ittl e problem i n  the ex terna l  beam. 
\ 0 1 9 \ h i l  
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We have been contac ted  by a s t a f f  member from B a t t e l l e  Northwest Laboratory i n  

rega rd  t o  running some o i l  shales and p lan  t o  do so soon. It should be noted t h a t  

our i n v e s t i g a t i o n s  of these types of  samples should n o t  on l y  be o f  va lue t o  o ther  

groups doing s i m i l a r  work i n  l abo ra to r ies ,  b u t  may a l so  be va luable i n  f i e l d  stud- 

ies,  e.g., l ogg ing  of bore  ho les  i n  o i l  One 

shou ld  a lso  keep i n  mind the  f a c t  that PGAA i s  s e n s i t i v e  n o t  on ly  t o  the  minera l  

p o r t i o n s  o f  samples of these types, b u t  can a l so  measure the "organic" elements 

such as C, H, N and S, which may be  q u i t e  useful . For example, t h e  H/C r a t i o s  o f  

pet ro leum substances are  impor tan t  as an i n d i c a t o r  of t he  aromatic-to-a1 i p h a t i c  

r a t i o .  ( O f  course, one has t o  have the s a p l e  f ree  o f  water o r  know the  water con- 

t e n t  t o  remove the  hydrogen c o n t r i b u t i o n  by water.) Also, S and N are  impor tant  i n  

r e g a r d  t o  t h e  a i r  p o l l u t i o n  problems t h a t  would be associated w i t h  use o f  a fue l .  

shale w i t h  po r tab le  neutron sources. 

B. High P u r i t y  M a t e r i a l s  

We have j u s t  begun t o  exp lo re  the use o f  PGAA i n  s tud ies  o f  h i g h  p u r i t y  

m a t e r i a l s  o f  importance i n  e lec t ron i cs ,  communications and so la r  energy conversion. 

The p r o p e r t i e s  o f  such m a t e r i a l s  are, of course, s t rong ly  in f luenced by the  i m -  

p u r i t i e s  present. The l i m i t s  o f  de tec t i on  requ i red  i n  many of these problems 

(e.g., f o r  B i n  h i g h  p u r i t y  S i )  a re  considerably lower  than the l i m i t s  we repor ted 

f o r  coal  and bovine l i v e r  i n  our major paper on PGAA. However, t h a t  does n o t  pre- 

clude t he  p o s s i b l i t y  f o r  these appl i ca t i ons ,  because h igh  p u r i t y  m a t e r i a l s  w i l l  

have such low concent ra t ions  of many e lenents w i t h  h i g h  cross sect ions t h a t  the  

spec t ra  should have many fewer s t rong l i n e s  and a lower general background than f o r  

more complex na tu ra l  mater ia ls .  Thus, if the  mat r i x  mater ia l  i t s e l f  i s  n o t  strong- 

l y  ac t i va ted ,  as i n  the  case o f  S i ,  t h e  l i m i t s  o f  d e t e c t a b i l i t y  may be decreased by 

orders o f  magnitude. It would be very va luable i n  the  i ndus t r y  t o  have a rap id ,  
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non-destructive technique such as PGAA avai lable  so t h a t  resul ts  to  analyses could  

be obtained d u r i n g  batch operations, allowing one t o  modify the process if the 

product was not going t o  meet specifications.  

C. Biological Samples 

As we learn more about t race elements i n  biological systems, i n  human beings 

i n  par t icular ,  the more we appreciate t h e  f a c t  t h a t  the i r  importance for good 

heal t h  i s many orders of magnitude greater t h a n  the i r  minute concentrations would 

imply. Progress i n  t h i s  f ield has been limited by the analytical methods a v a i l -  

able. Methods currently i n  use require laborious ashing and chemical preparation 

of samples. Some require large sample s ize  in order to  ob ta in  enough of the t race 

elenent t o  see a signal, Even INAA, which has been extremely useful for measuring 

t race  elements i n  crustal samples, has  had severe problems w i t h  biological samples, 

mainly because o f  the enormous amounts of 24Na, 38Cl and 42K produced d u r i n g  i r ra-  

diat ions,  which obscure most other act ivat ion products w i t h  ha l f  l i v e s  less than a 

few days. 

During the next year, we plan t o  focus more attention on the analysis o f  bio- 

logical samples. U n t i l  now, we have tes ted PGAA o f  biological samples only by 

analysis  o f  NBS Orchard Leaves and  Bovine Liver standards. The r e su l t s  obtained 

were mixed: a dozen or so elenents could be measured quite re l iab ly ,  b u t  the 

nmber observable was smaller t h a n  for  more crustal  type samples. However, some of 

the elements observed are quite important. As we can measure both C and N 

r e l i ab ly ,  we can obtain C/N ratios, a tradiational measure of the protein content 

of bfological samples. Boron and Cd a re  important trace elements, the l a t t e r  be- 

cause of i t s  toxicity.  

Despite the ma l l  number of elements so f a r  observed by PGAA, we feel tha t  

much more can be done, especially i n  view of the improvements proposed i n  Sect. 11. 

11 



Therefore, we propose t o  investigate the  use of  PGAA w i t h  a w i d e  range o f  b i o l o g i -  

cal samples: b lood ,  serum, teeth, bones, hair, urine, saliva a n d ,  poss ib ly ,  organs 

f r m  the specimen bank b e i n g  established a t  NBS. Much of the above work w i l l  be 

done i n  collaboration w i t h  Dr. Robert I. Henkin (M.D. a n d  Ph.0.) f r a  Georgetown 

University Medical Center, a world expert on medical aspects o f  trace elements 

(and  chariman of the NAS/NRC Committee t h a t  recently produced the definitive report 

on the role of Zn i n  the body). Already we have collaborated w i t h  h im on the study 

o f  trace elments i n  freeze-dried saliva w i t h  the use of I N A A  a n d  IPAA. We are now 

designing a project to  investigate the possible role of trace elements i n  saliva i n  

periodontal disease and tooth decay ( n o t  t o  be funded by DOE), 

Somewhat further i n  the future, we want t o  explore i n  more depth the possibi- 

l i t i e s  f o r  using stable isotope tracers i n  hunans by detecting changes i n  isotope 

ratios w i t h  PGAA. As described i n  the Progress Report, the calculations by Dr. Roy 

indicate t h a t  the use of PGAA f o r  stable isotope tracing i n  the body would be limi 

ted to about five elements and ,  because o f  the large amounts of enriched isotopes 

required, the cost per test  woul d be a minimm o f  about $1000. 

Despite the rather grim assessment o f  the possibilities for stable isotope 

tracing, we d o n ' t  feel t h a t  the effor t  should be abandoned. The need f o r  such a 

method i s  enonnous. ' Much of our present knowledge of the behavior of trace ele- 

ments i n  the body has been determined by following the distributions of injected o r  

ingested radioactive tracers. Xndeed thousands of routine d iagnos t ic  tests are 

performed daily throughout the U,S. by the use of 1311, 99Tc and many other 

tracers. However, a s  pointed out  t o  us by Dr. Henkin, radioactive tracers cannot 

be used i n  research on persons below the age of  18 nor i n  pregnant women. This 

means t h a t  some o f  the most important human trace element problems are excluded 

fran study, namely, the role o f  trace elements d u r i n g  the development o f  fetuses 

, ".. 
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and i n  c h i l d r e n  up t o  and through the age p b e r t y .  Thus, t h e r e  i s  a h igh  p r i o r i t y  

i n  medical and n u t r i t i o n a l  f i e l d s  f o r  development o f  a l t e r n a t e  methods. Even a t  

t h e  h igh  p r i c e  per experiment noted above, t h e r e  m i g h t  be some experiments t h a t  

would be wor th the  p r i ce .  Some improvements may b e  poss ib le  a f t e r  our proposed ex- 

periments t o  improve our a b i l i t y  t o  d e t e c t  elements i n  b i o l o g i c a l  samples by PGAA. 

Also, i t  should be noted tha t  Dr. Roy’s c a l c u l a t i o n s  were f o r  the use o f  PGAA aone. 

I t  would be i n h e r e n t l y  most accurate t o  observe changes o f  isotope r a t i o s  simply 

f ran  the  r a t i o s  o f  areas of two o r  more d i f f e r e n t  peaks i n  the  same spectrum, as i n  

PG4A. However, i f  the  s e n s i t i v i t y  f o r  t h a t  i s  n o t  g r e a t  enough the re  a r e  o ther  

approaches. For example, one m igh t  observe one iso tope v i a  PGAA and another v i a  

INAA o r  IPAA. Already the re  a re  several cases i n  INAA and IPAA i n  which i r r a d i a -  

t i o n  products o f  two d i f f e r e n t  i so topes  a r e  seen f o l l o w i n g  i r r a d i a t i o n  o f  c e r t a i n  

k i n d s  o f  samples: e.g., 244-day 65Zn and 14-hr 69mZn, 83-min 139Ba and 12-day 

l 3 l 8 a  I n  INAA and 52-hr 203Pb and 67-min 204Wb i n  IPAA. The use o f  two separate 

methods would r e q u i r e  very ca re fu l  i n t e r c a l i b r a t i o n  o f  t h e  methods, b u t  t h i s  would 

--- 

not  be impossible. Although i t  would add g r e a t l y  t o  the  amount o f  l a b o r  per  

sample, enormous improvements i n  s e n s i t i v i t y  c o u l d  be made by doing some chemical 

separations, e.g., removal of Na, C1 and K p r i o r  t o  analysis. Furthermore, a l l  o f  

Roy’s ca l  cu l  a t i ons  were based on blood, whereas the re  are  o ther  types o f  sampl es 

f r a n  the  body (spleen, kidney, l i v e r ,  s a l i v a )  where some elements may be  so strong- 

ly enr iched as t o  make there  ana lys i s  much eas ier .  

I n  s m a r y ,  a l though our a n a l y t i c a l  c a p a b i l i t i e s  f o r  ana lys is  o f  hunan samples 

a r e  now q u i t e  p r i m i t i v e ,  t h e  p o s s i b i l i t i e s  a r e  q u i t e  e x c i t i n g  and the  pay-off,  i f  

successful , would be enormous. 

I V .  LIBRARY DEVELOPMENT 

We are  s lowly  developing a l i b r a r y  o f  standard capture gamma-ray spect ra o f  
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pure mater ia ls .  We a r e ,  o f  course, indebted t o  work by p h y s i c i s t s  f o r  the l i t e r a -  

t u r e  data, b u t  t h e i r  t a r g e t s  a r e  g e n e r a l l y  chosen f o r  the nuc lear  s t r u c t u r e  i n -  

format ion t o  be obtained. By n e c e s s i t y  we a r e  developing a l i b r a r y  o f  standard 

spect ra o f  elements present i n  samples such as coal ,  f l y  ash, atmospheric par t i cu-  

l a t e  mat ter ,  Volcanic €dSSiOnS, e t c .  We expect t o  cont inue t h i s  a c t i v i t y  dur ing  

t h e  coming year. Already we a r e  p u b l i s h i n g  a subs tan t ia l  m o u n t  o f  in fo rmat ion  on 

t h e  energies, i n t e n s i t i e s  and i n t e r f e r e n c e s  fo r  most l i n e s  t h a t  a r e  useful  for  

analyses o f  e lenents  i n  our major paper on PGAA. 

may be d e s i r a b l e  t o  p u b l i s h  a c o m p i l a t i o n  of  a l l  of t h e  r - r a y  energ ies  and inten- 

s i t i e s  f o r  the standards we have inves t iga ted .  

A t  some stage i n  the  f u t u r e  i t  

I O 1 9  I 4 5  
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I Y .  PROPOSED BUDGET 

Non-Destruc t ive Determination o f  Trace E l  men t  Concentrations 

Renewal of Contract No. EY-76s-06-5173 w i t h  the Division o f  Chemical Sciences, 

Office of Basic Energy Sciences, U. S. Department of Energy for  the period November 

1, 1979 -October 31, 1980 

Requested U n i v .  o f  Md. 
from DOE Contribution 

A. Salar ies  and Wages 

1 . Principal Investigators 

G. E. Gordon (10% of acadenic year) 

W .  B. Ualters ( 5 %  of acadenic year) 

W .  H. Zoller (10% of acadenic year) 
(5% of summer) 

2. Research Associate 

Dr. D. L. Anderson (100%) 

3. Graduate S tuden t  

4. Undergraduate Assistants 
(hourly help) 

S 3450.00 

1287.00 

2490.00 
$ 3154.00 

S 3154.00 S 7227.00 

$ 17000.00 

7000.00 

3000.00 

Total Salar ies  and Wages $ 30154.00 $ 7227.00 

B . Permanent Equi  p e n t  

1. Beam Stop Reconstruction $ 2000 

2. Filter Assembly w i t h  
Cooled B i  Crystal 15000 

3. Data Processing Terminal 10000 

Total Permanent Equipment 

C . Expendable Suppl i es 

$ 27000.00 

f 6500.00 
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0. Other Expenses 

1. Repair and Maintenance $ 3500 

2. Reactor fee  (NBS C o n t r a c t  10000 
p l u s  L i q u i d  N 2 )  

T o t a l  Other Expenses 

E. T rave l  ( danest ic )  

F. P u b l i c a t i o n s  and Communications 

G. f r i n g e  B e n e f i t s  

H. Tota l  D i r e c t  Costs 

I. Overhead 

1. 41% o f  TDC less I tems B and D.2 

0.41 x 52,396 = $21482 

16% o f  I tem D.2 ( o f f  campus) 

0.16 x 10,000 = $1600 

2. 

T o t a l  Overhead 

J. Tota l  Costs 

$ 13500.00 

4500.00 

3500.00 

4242 .OO f 1134.00 

$ 89396.00 $ 8361.00 

3428.00 

$ 23082.00 

$112478.00 $ 11789.00 
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VI. COMMENTS ON THE BUDGET 

A. Personnel 

The budget r e f l e c t s  on l y  the  personnel costs  t o  DOE or the U n i v e r s i t y  o f  Mary- 

land .  I n  a d d i t i o n  t o  the personnel l i s t e d ,  we w i l l  have two o ther  workers a t  no 

c o s t  t o  the  p r o j e c t :  O r .  Richard Lindstrom o f  t he  Center f o r  Ana ly t i ca l  Chemistry, 

NBS has been spending a p o r t i o n  o f  h i s  t ime working w i t h  us on the  p r o j e c t  under 

suppor t  o f  NBS. Th is  was a commitment made by NBS when t h i s  p r o j e c t  was i n i t i a t e d .  

Al though NBS does n o t  formal ly  appear as a p a r t  o f  the  proposal (except  f o r  charges 

for use o f  t he  reac to r ) ,  t h i s  i s  a j o i n t  e f f o r t  w i t h  them and personnnel from the 

Center f o r  A n a l y t i c a l  Chemistry and fran t he  Reactor S t a f f  have been most he lp fu l  

t o  us throughout the  work, e s p e c i a l l y  the Control  Room Sta f f .  Secondly, Prof. 

Namik Aras o f  t he  Middle East Technical Un ive rs i t y ,  who i s  h igh l y  experienced i n  

t h e  use of r a d i o a c t i v i t y  w i l l  be spending a leave w i t h  us as a V i s i t i n g  Professor 

o f  A n a l y t i c a l  Chemistry du r ing  the  coming acadmic year and has expressed h i s  

d e s i r e  t o  p a r t i c i p a t e  i n  t h i s  p ro jec t .  

B. Equipment 

1. The beam stop was one o f  t he  f i r s t  p ieces o f  the system constructed i n  

1977 as i t  has t o  be i n  p lace be fore  we cou ld  run. The design used has proven sa t -  

i s f a c t o r y  as i t  permi ts  us t o  take data and ca r ry  o u t  the many t e s t s  descsribed i n  

t h e  two progress repor ts .  Nonetheless, i t  i s  ne i the r  idea l  nor optimun. Our ex- 

per ience has shown t h a t  ue can do b e t t e r ,  espec ia l l y  w i t h  respect  t o  reducing 

neutrons sca t te red  back towards the  detector .  The funds requested w i l l  be used to 

add B4C i n  a p l a s t i c  mat r ix  t o  the  stop i n  p lace o f  the  borated polyethylene and t o  

rework t he  bottom p l a t e  o f  t he  assembly t o  a i d  i n  the reduct ion o f  neutron back- 

s c a t t e r .  

2. The i n s t a l l a t i o n  o f  t h e  cooled B i  c r y s t a l  w i l l  necess i ta te considerable 

changes i n  the  lower p o r t i o n  o f  t he  beam l i n e  and substant ia l  add i t iona l  shielding. 
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Al though the  B i  absorbs the  rays,  i t  merely s c a t t e r s  the  f a s t  neutrons ou t  o f  t he  

beam. Thus, s izeab le  q u a n t i t i e s  of  B4C a r e  requ i red  t o  absorb the scat tered f a s t  

neu t rons  and t h i s  must be surrounded by Pb t o  conta in  the 478-keV y ray from the 

1oB( n, ) 7 L i  react ion.  We es t imate  t h a t  t h e  $15,000 expenditure w i l l  be d i s t r i b u t e d  

as  fo l l ows :  $2000 f o r  t he  c r y s t a l  i t s e l f ,  $4000 f o r  the  cryogenic mounting, $5000 

f o r  t h e  B4C and Pb sh ie ld ing  and t h e i r  mounting and i n s t a l l a t i o n ,  and $4000 f o r  a l -  

t e r a t i o n s  i n  the  beam l i n e  t o  accommodate a l l  o f  these changes (and those o f  Item 

1 ) .  

3. The p rov i s ion  o f  t h e  enhanced i n t e r a c t i v e  data reduc t i on  terminal  w i l l  be 

accomplished by acqu i r ing  a keyboard and d i sp lay  scope, an i n t e r f a c e  t o  the  compu- 

t e r ,  and the  necessary bas ic  software f o r  t he  opera t ion  o f  t he  scope. We hope t o  

a c q u i r e  these as a package, b u t  est imate t h a t  the  scope w i l l  comprise -67000, t h e  

i n t e r f a c e  -51000 and the software, -52000. 

C. Expendable Suppl i e s  

The expendable m a t e r i a l s  i n c l u d e  s i g n i f i c a n t  expenditures f o r  h igh  p u r i t y  

m a t e r i a l s  f o r  standards, p repara t i ve  ma te r ia l s ,  magnetic tape, d i s c  packs f o r  the  

data system, as we l l  as many smal le r  i tems consumed i n  the course o f  t h e  work. 

D. Other Expenses 

1. Repair and Maintenance 

We now have over $150,000 i n  c a p i t a l  equipment i nc lud ing  the  da ta  c o l l e c t i o n  

and process ing system and the p r a y  spectrometer system. As most o f  these compon- 

e n t s  a r e  o u t  of warranty, these funds w i l l  be used f o r  r e p a i r  and maintenance t o  

keep our  system funct ion ing.  
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2. Reactor Charges 

This item has been increased t o  reflect increased reactor operating expenses 

and  the charges for l i q u i d  nitrogen w h i c h  are included here. By purchasing LN2 

here rather t h a n  carrying i t  from the University, an occasional t r ip  i s  elimin- 

ated. 

E. Travel 

The large increase here i s  a reflection of the costs involved i n  travel to NBS 

t o  do experiments p lus  travel t o  conferences and meetings. In a d d i t i o n  t o  t h e  i n -  

crease i n  gasoline costs, the University's motor pool has now levied a $3.00 per 

day charge i n  a d d i t i o n  t o  mileage and gasoline charges. We estimate we will make 5 

t r ips  per week for 50 weeks t o t a l l i n g  250 tr ips a t  a cost of approximatly $12 per 

trip. 

F. Pub1 ications and Communciations 

Included i n  this item are funds for drafting of figures, long distance tele- 

phone calls,  the cost of the annual progress report, copying of art icles,  rental of 

word processing equipment, a n d  page charges for journal articles. 

G .  Fringe Benefits 

The  fringe benefits are calculated on the basis of 6.13% social security, 

6.13% state retirenent system, 0.57% unempl oyment compensation, and  $828/year for 

hospitalization per acadenic staff member. For graduate students, only the hospi- 

t a l i z a t i o n  i s  included and n o t h i n g  i s  i n c l u d e d  for the hourly undergraduate employ- 

ees. 

I. Overhead 

We are pleased t o  p o i n t  o u t  the  overhead rate reduction from 48% to 41% of  

modified total  direct costs for  on-canpus work and from 17% to 16% for off-campus 

work . 
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VII. OTHER SOURCES OF RESEARCH SUPPORT 

A. Exis t ing Contracts a n d  Grants 

W. B. Walters 

Radioactive Decay Studies a t  TRISTAN 11, DOE Contract DE-AS05-79ER10494, $108,124, 
July 1, 1979 - June 30, 1980, 20% academic yea r ,  2 months summer. 

University of Mary1 and Cyclotron, NSF Grant PHY-78-20749, $987,000 ( w i t h  an 
extension approved t h r o u g h  June 30, 1980 f o r  -$500,000), January 1, 1979 - December 
31, 1979 ( d t h  D. L. Hendrie, H. D. Holmgren, P. G. ROOS, N. S. Wall, N. S. C h a n t ,  
C. C. Chang, H. Breuer and V .  E. Vio la) ,  20% time. 

Non-Destructive Detenni nation of Trace Element Concentrations, DOE Cont rac t  
DE-AS05-76ERO 5173 M003, $81,101, November 1, 1978 - October 31, 1979 ( w i t h  G. E. 
Gordon and  W .  H. Zoller)  , 10% time. 

G. E. Gordon 

Non-Destructive Determination o f  Trace E l  ment Concentrations, DOE Cont rac t  
DE-AS05-76ERO 5173 M003, $81,101, November 1, 1978 - October 31, 1979 ( w i t h  W. 6. 
Wal ters and W, H. Zol l e r )  , 10% time. 

Sources, Transfonnation and Speciation of Atmospheric Pol lu tan ts ,  NSF Contract PFR 
75-02667806, $49,024, March 1, 1979 - February 29, 1980 (with W. H. Zoller), 5% 
time . 
I n t e r p r e t a t i o n  of the RAPS Atmosphric E l  mental Concentration Data, EPA Contract 
R806263-01-1, $56,224, September 1, 1978 t o  November 15, 1979, 10% academic year ,  1 
month summer. 

W. H. Zoller 

Sources, Transformation and Speciation of Atmospheric Pol lutants ,  NSF Contract PFR 
75-02667806, $49,024, March 1, 1979 - February 29, 1980 ( w i t h  G. E. Gordon), 5% 
time. 

Non-destructive Determination of Trace Element Concentrations, DOE Contract 
DE-AS05-76ERO 5173 M003, $81,101, November 1, 1978 - October 31, 1979 ( w i t h  W. 6. 
Walters and G. E. Gordon), 

E f f e c t  of Power P lan ts  on Macromolecular Organic Matter i n  Es tuar ies ,  S t a t e  of 
Maryland Power P lan t  Si t ing Progran Contract P-497804, $98,453, January 1, 1978 - 
December 30, 1979 (with G. Helz), 55, time, 

Sources and Distr ibut ions of Trace Elements i n  the Antaractic Atmosphere, NSF, 
$49,000, August 1, 1979 - Ju ly  31, 1981 ( w i t h  R. Duce), 10% time. 

20 



The Fate  of  Mercury Released from Power P l a n t s ,  Power P l a n t  S i t i n g  Program o f  t h e  
S t a t e  of  Maryland Cont rac t  P51-79-04, $48,738, October 15, 1978 - October 14, 1979, 
10% time. 

The Composition of  Remote Area Aerosols from A n t a r c t i c a  and Hawai i ,  N O M  (GMCC Pro- 
gram) , Contract  UNA79-RAC00050, $62,387, February 1, 1979 -January 30, 1980,lOS 
t ime.  
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Y I 1 I .  F I NANC I A L  STATEMENT 

1 .  Total ac tua l  project cost t o  d a t e  for the current period 

2. Estimated total cost for remainder of period 

3. Total actual and estimated cost chargeable t o  DOE for 
current period based on percentage of  cost agreed u p o n  
as contained i n  A-111 of  Appendix "A" t o  Contract 

4. Accumulated costs chargeable t o  DOE (incude costs 
reported i n  certified statement for preceding period( s) and 
the costs staed i n  Item 3 above) 

5 .  Accumulated DOE Support Ceiling as stated i n  Article I11 
o f  Contract 

6. Total  estimated DOE funds remaining under Contract 
subtract Item 4 f rm 5 w h i c h  may be  used t o  reduce 
amount o f  new funds required from DOE for proposed 
period 

$ 375,310 

18,114 

393,424 

393,424 

393,424 

0 
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ASSURANCE OF COMPLIANCE WITH THE E N E R G Y  R E S E A R C H  
AND DEVELOPMENT R E G U L A T I O N  U N D E R  

T I T L E  YI OF THE C I V I L  RIGHTS ACT OF 1964 

University o f  Maryl and, College Park (hereinafter called the "Appl i can t " )  HEREBY 
AGREES THAT i t  will comply w i t h  t i t l e  VI of  the C i v i l  Rights Act of 1964 ( P .  L. 
88-352) and a l l  requirments imposed by or pursuant t o  the Regulation of the De- 
partment of Energy (10 CFR P a r t  4 )  issued pursuant t o  t h a t  t i t l e ,  t o  the end t h a t ,  
I n  accordance w i t h  t i t l e  VI o f  t h a t  Act and the Regulation, no person i n  the United 
States shall , on the ground of race, color, or national origin, be excluded from 
participation i n ,  be denied the benefits o f ,  or be other wise subjected to  dis- 
crimination under any program or a c t i v i t y  for w h i c h  the A p p l i c a n t  receives Federal 
f inanc ia l  assistance from the Department of Energy; and HEREBY GIVES ASSURANCE THAT 
i t  will immediately take any measures necessary t o  effectuate this  agreement. 

If any real property or structure thereon i s  provided or improved w i t h  the a i d  of 
Federal financial assistance extended t o  t h e  Applicant by the Department o f  Energy, 
t h i s  assurance shall obligate the app l i can t ,  or i n  the case of any transfer of such 
property, any transferee, for the period d u r i n g  which  the real property or struc- 
ture i s  used for  a purpose fo r  which the Federal financial assistance i s  extended 
or for another purpose involving the provision of  similar services or benefits. I f  
any personal property i s  so provided, t h i s  assurance shal l  obligate the  A p p l i c a n t  
f o r  the period during which i t  retains ownership or possession of the property. In 
a l l  other cases, this assurance s h a l l  obligate the App l i can t  for the period during 
which the Federal financial assistance i s  extended t o  i t  by the Department of 
Energy. 

THIS ASSURANCE i s  given consideration of and for the purpose o f  o b t a i n i n g  any and  
a l l  Federal grants, 1 oans, contracts, property, discounts,  or other Federal finan- 
cial assistance extended af ter  the date hereof t o  the appl i c a n t  by the Department 
o f  Energy including instal lment payments after such date on account of appl ications 
for  Federal financial  assistance which were approved before such date.  The Appli- 
cant recognizes and agrees t h a t  such Federal financial  assistance will be extended 
i n  reliance on the representations and agreements made i n  this assurance, and  t h a t  
the United States sha l l  have the r i g h t  t o  seek j u d i c i a l  enforcement o f  this assur- 
ancea. This assurance i s  b i n d i n g  on the Appl icant,  i t s  successors, transferes, a n d  
assignees, a n d  the person o r  persons whose signatures appear bel ow are  authorized 
t o  s i g n  this assurance on behalf of  the Appl icant. 

Date University of  Maryl and,  College Park 

Bv 

Robert G1 uckstern, Chancel 1 or  
College Park Campus 
Coll ege Park, Maryl and 20742 
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DEPARTMENT OF ENERGY 

memorandum 
SUBJECT Justification for Acceptance of a Renewal Proposal from the University of 

Xaryland (Gordon, Zoller & Walters) for Contract No. DE-AS05-76ER05173 

TO James S. Kane, ER-10 

Title: 

"Non-Destructive Determination of Trace-Element Concentrations" 

Scope: 

The application of neutron-capture prompt gamma-ray analysis for the determination 
of trace elements which are not determinable by neutron activation. 

Recent Progress: 

They continued to investigate the application of prompt gamma activation analysis 
(PGAA) to several new types of samples. 
samples since it not only determines the trace elements it determines the 
major ones also. 
masses of major elements as their oxides they typically account for 95 to 
100% of the sample mass. 
measurements of Mt. St. Helens ash and other volcanic samples. Despite this 
good agreement they still are dubious about using the common oxide basis and 
plan to develop a method for oxygen measurements next year. 

It is especially useful for crustal 

Using the common geochemical technique of expressing the 

This was especially demonstrated this year on 

During the past year they began studies of oil shales, shale oil and oil. 
oil shales can be analyzed for about the same elements as done last year for 
coal and fly ash but the shale oil and other o i l s  are more difficult and 
require further work. 
and the analysis of high purity material for trace constituents. 

The 

Two other areas look promising; biological samples 

Last year Mike Failey received his Ph.D. and his thesis contains a detailed table 
of the best y rays to use for the analysis of various elements and their expected 
interferences. 

Even more progress would have been made, however, the NBS reactor was shut down 
from September, 1979, to March, 1980, due to problems with shim-rod controls. 
Also the supplier of the data acquisition equipment for upgrading went bankrupt 
before completing the work. 
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Publications: 

1. M. P. Failey, D. L. Anderson, W. H. Zoller, G. E. Gordon and R. M. 
Lindstrom, "Neutron Capture Prompt y-Ray Activation Analysis f o r  Multi- 
Element Determination in Complex Samples," Anal. Chem. - 51, 2209-2221 (1979). 

2. M. S. Germani, I. 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, "Concentrations of Elements 
in the National Bureau of Standards Bituminous and Subbituminous Coal 
Standard Reference Materials," Anal. Chem. 2, 240-245 (1980). 

Three additional papers are in press and another has been submitted for 
publication. 

Proposed Research: 

Due to the reactor and data handling problems last year some of the proposed 
research was not accomplished. 
plans to install the cryogenics and single bismuth crystals in the beam, 
addition of a second Ge detector, and completion of the analysis of a 
number of geological, energy-related, and high-purity samples (like B in 
Si semiconductors). 

This year they plan to catch up with their 

They also plan to apply PGAA using isotopic sources of neutrons which are 
portable and in particular plan to investigate ways to determine oxygen 
using low energy neutrons. 
that yields 27 sec. I%. 
amounts of oxygen usually present and the high specific activity of the 
short-lived species may make it feasible. 

One involves the use of the leO(n,y)l% reaction 
The cross section is quite small but the large 

Comments and Recommendations: 

During the past year the tremendous capabilities of neutron-capture prompt 
y-ray activation analysis became apparent to a much wider community of 
potential users. Prior to this year the Maryland group and a group at 
LANSL were the only groups in the U.S. with a major involvement in 
development of reactor-based PGAA. This year a third group at the 
University of Missouri reactor finished construction of a system and 
began major experiments. 

They anticipate funding from the USDA Human Nutrition Program for the 
development of stable-isotope tracers for use in humans and have received 
funding from NASA for studies of the atmospheric emissions from volcanoes. 
Graduate students will conduct these studies using the PGXA system 
assembled on this contract. 
activities. 

An excellent case of short term spin-off 
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This is a productive contract and I recommend renewal with $95,000 of 
new FY 1981 funds. Due to the stated contribution I also recommend ~ 

that title to any equipment purchased on this contract be vested in' 
the university. 

Walter \O&\Uq J. Haubach 

Processes 6 Techniques Branch 
Division of Chemical Sciences 
Office of Basic Energy Sciences 
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RENEWAL PROPOSAL 

TO 

THE D I V I S I O N  OF B A S I C  ENERGY SCIENCES 
U. S. DEPARTMENT OF ENERGY 

"NON-DESTRUCTIVE DETERMINATION OF TRACE ELEMENT CONCEClTRATIONS" 

SUBMITTED BY 

Glen E. Gordon, Professor of Chemistry, - Phone 301-454-4422 

W i l l i a m  H. Z o l l e r ,  Associate Professor o f  Chemistry, 
Phone 301-454-4421 

W i l l i a m  B. Nalters,  Professor o f  Chemistry, 0 Phone 301-454-4421 

David L. Anderson, Research Associate, Phone 301-454-4421 

Department o f  Chemistry 
U n i v e r s i t y  o f  b r y l  and 

Col lege Park, Maryland 20742 

Funds reouested: $105,135 

Contract  per iod:  November 1, 1980 - October 31, la81  

Present Contract  No.: nE-ASn5-76ERfi5173 



SI GIIATURE PAGE 

The U n i v e r s i t y  o f  Maryland w i l l  accept and admin is ter  a Grant awarded t o  

i t  under t h e  terms o f  t h i s  proposal. 

The U n i v e r s i t y  of  Maryland i s  an educat ional  i n s t i t u t i o n  i n  the S t a t e  o f  

Maryland and r e t a i n s  more than 500 employees. 

The b idder  represents t h a t  he has n o t  employed o r  r e t a i n e d  a company o r  

person ( o t h e r  than a f u l l - t i m e  employee) t o  s o l i c i t  o r  secure t h i s  ?rant,  and 

agrees t o  f u r n i s h  i n f o r m a t i o n  t h e r e t o  as  requested by t h e  Contract ing 

Of f icer .  

The U n i v e r s i t y  o f  Maryland c e r t i f i e s  t h a t  the d i s t r i b u t i o n s  o f  cos ts  be 

tween t h e  d i r e c t  and i n d i r e c t  ca tegor ies  as shown i n  t h e  proposal conforms t o  

the usual accounting p r a c t i c e s  o f  the  i n s t i t u t i o n  f o r  a l l  f e d e r a l l y  supported 
i 

o r  sponsored research. 

W i l l i a m  H. Zol 
Professor 

Department o f  Chemistry 

Professor 
Department o f  Chemistry 

Paul H. Maztocchi 

Department o f  Chemi s t r y  
Professor and Act ing Chai man 

Associate Professor 
Department o f  Chemistry 

Research Associate 
Department of Chemistry 

Larry  Vanderhoef 

D i v i s i o n  o f  A g r i c u l t u r a l  
and L i f e  Sciences 

U n i v e r s i t y  o f  Maryl and 

Provost 

Rober t  L. Gluckstern 
Chancel lor  

Col lege Park Campus 
U n i v e r s i t y  o f  Mary l  and 
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I. INTRODUCTION 

As  described i n  the accompanying 1980 Progress Report, the technique o f  

neutron-capture prompt y - r a y  a c t i v a t i o n  ana lys is  ( P G A A )  has been establ ished 

as a useful  a n a l y t i c a l  method f o r  a p p l i c a t i o n  t o  a wide range o f  mater ia ls ,  

e s p e c i a l l y  t o  c r u s t a l  and energy-re la ted samples such as coal ,  f l y  ash, o i l  

shale and rocks. These advances are being made a t  several l a b o r a t o r i e s ,  as 

t h e  i n t e r e s t  i n  development and use of  PGAA has grown. Major mi lestones from 

our labora tory  inc lude two major  papers pub1 ished i n  A n a l y t i c a l  Chemistry, one 

o f  which described the  PGAA method as appl i e d  t o  the ana lys is  o f  several 

Nat iona l  Bureau of Standards (NBS) Standard Reference M a t e r i a l s  ( S R M s ) :  three 

coals ,  two f l y  ashes and two b o t a n i c a l  standards (1) .  - 
( 2 1 ,  PGAA was used i n  con junc t ion  w i t h  o ther  nuclear methods t o  determine 

concentrat ions of 51 and 43 elements i n  the new NBS standard eastern and 

western coals (SPF! 1632a and 1635, r e s p e c t i v e l y ) .  

I n  t h e  second paper 

- 

Dur inc the o a s t  year, we have extended the app l ica t ions  o f  PGAA t o  

a d d i t i o n a l  classes of samples, e s p e c i a l l y  t o  shale o i l  and o i l  shale samples, 

a v a r i e t y  o f  b i o l o g i c a l  samples and h igh  p u r i t y  samples. Perhaps the most 

spectacular  app l i ca t ions  have been t o  vo lcan ic  samples from M t .  Erebus and, 

r e c e n t l y ,  t o  M t .  S t .  Helens. 

t h e  discovery o f  some prev ious ly  u n i d e n t i f i e d  minerals. 

Among o t h e r  th ings,  these s tud ies have aided i n  

P r o y e s s  dur ing the p a s t  year  was somewhat hindered by two problems. I n  

Sept. 1979, the  NBS r e a c t o r  had t o  be shut  down u n t i l  March, 1980 because o f  

problems w i th  shim rods t h a t  r e q u i r e d  considerable work i n s i d e  the reac tor  

i t s e l f .  Secondly, j u s t  w h i l e  we were in the  middle of major improvements t o  

our data-handling and - t reatment  system, t h e  suppl ier ,  Tennecomp, Inc., went 

bankrupt. This l e f t  the  system i n  an incomplete state. 

t ime f o r  us t o  (ret the p a r t i a l l y  upgraded system back i n t o  a usable condi t ion,  

It took considerable 



b u t  Tennecomp was n o t  ab le  t o  prov ide a l l  o f  the planned improvements before 

going out  o f  business. 

a l l  of  the p r o j e c t s  we had planned t o  complete by t h i s  time. Therefore, 

dur ing the remainder o f  the present year and dur ing  the next  budget year, we 

p l a n  t o  complete those p r o j e c t s ,  inc lud ing :  i n s t a l l a t i o n  o f  cryogenics and 

s i n g l e  c r y s t a l s  i n  the  beam, a d d i t i o n  o f  a second, "s ing les"  Ge(Li) detector  

on the beam l i n e ,  and complet ion of analyses o f  a number o f  geological ,  

energy-re la ted samples, and h i p h - p u r i t y  samples. New p r o j e c t s  include the 

extens ion of PGAA t o  more pe t ro leun- re la ted  samples and a wider range o f  

b i o l o g i c a l  samples and fo l low-up s tud ies i n  c o l l a b o r a t i o n  w i t h  the Sandia 

Corp. on sandstones r e l a t e d  t o  bore-hole exp lo ra t ions  f o r  uranium. 

Because o f  these problems, we were not  able t o  f i n i s h  

The PGAA technique has enormous p o t e n t i a l  as a rea l - t ime,  on- l ine  method 

f o r  determining the composit ions of process streams i n  f o s s i l  fuel p lants,  

metals i n d u s t r i e s  and o ther  k inds  of p lants.  

o f  neutrons and h iah eneroy y rays  i n  mater ia ls ,  PGAA i s  perhaps the only 

method by which one can determine the  bulk compositions o f  large, 

inhomogeneous samples as encountered i n  those appl i ca t ions .  

t o  make these a p p l i c a t i o n s  possible,  i t  w i l l  be necessary t o  develop por tab le 

i r r a d i a t i o n  f a c i l i t i e s ,  probably based on the use o f  252Cf or other  i s o t o p i c  

neutron sources. 

Because o f  the very lona ranges 

However, i n  order 

Although a considerable amount o f  work has been done w i t h  

t h e  use o f  i s o t o p i c  sources, we feel  ' t h a t  the designs o f  them have not been 

opt imized i n  terms o f  t h e  a b i l i t y  t o  observe the  maximum nunber o f  elements 

and p lan  t o  begin some c a l c u l a t i o n s  and experiments lead ing  towards such 

systems. 

measure i n  these appl i c a t i o n s  i s  oxygen. 

w e l l  understood r e q u i r e s  the use of a 14-MeV neutron generator. 

exp lo re  o ther  poss ib le  methods t h a t  might  poss ib ly  be done w i t h  i s o t o p i c  

One p a r t i c u l a r  element t h a t  would be of very h iah importance t o  

A t  present, the  only method t h a t  i s  

We plan t o  

4 
neutron sources. 



11. EXTENSIONS TO NEW TYPES OF SAMPLES 

A. Energy-Related Samples 

Resul ts  obtained so f a r  (1, - -  3 and 1980 Progress Report)  i n d i c a t e  t h a t  

pGAA can e f f e c t i v e l y  measure concentrat ions of many major and t r a c e  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 l y  ash a r e  e s s e n t i a l l y  completed now and we 

expect t o  f i n i s h  those on f u e l  o i l ,  shale o i l  and o i l  shale by the  end o f  the 

present  budaet year. Durina t h e  fo l low inq  year we p lan t o  exp lo re  the 

a p p l i c a t i o n s  of PGAA t o  a d d i t i o n a l  p e t r o l e m - r e l a t e d  samples i n c l u d i n g  crude 

o i l ,  t a r s ,  kerosene and gasol ine,  t h e  l a t t e r  two t o  demonstrate t h e  

a p p l i c a b i l i t y  o f  PGAA t o  samples t h a t  are t o o . v o l a t i l e  and hazardous f o r  

convent ional  analyses. 

B. Geol og i  c a l  Samples 

I n  h i s  t h e s i s  work, M. P. F a i l e y  ( 4 )  - demonstrated the  a p p l i c a b i l i t y  o f  

PGAA t o  geologica l  samples by ana lyz ing  a l a r g e  s u i t e  of  USGS standard rocks, 

manganese nodules, etc.  Some of these samples received only  one i r r a d i a t i o n .  

Thus, d u r i n g  the remainder o f  the  present budget year, we p lan t o  do r e p l i c a t e  

analyses o f  the samples a s  needed t o  f i n i s h  and pub l ish  the work. 

As noted i n  the 19AQ Progress Report, PGAA has been extremely va luable i n  

t h e  a n a l y s i s  o f  volcanic samples from M t .  Erebus and Nt. S t .  Helens, inc lud ing  

t h e  discovery of some new, h i g h l y  so lub le  minerals t h a t  were prev ious ly  

undiscovered because they are  very f r a g i l e  i n  the environment and have a 

phys ica l  appearance much l i k e  t h a t  o f  s u l f u r  deposits. Add i t iona l  samples 

f r o m  M t .  S t .  Helens cont inue t o  a r r i v e  and some of the more unusual ones w i l l  

be subjected t o  PGAA. 

\ 0 1 9 1  b 2  5 



C. B i o l o g i c a l  Samples 

1. Human Samples 

Studies now i n  progress on the a p p l i c a t i o n  o f  PGAA t o  human samples a r e  

descr ibed i n  the 1980 Progress Report. We p lan  t o  cont inue our s tud ies o f  

var ious hunan t issues and organs. Arrangements have been made w i t h  O r .  S. H. 

H a r r i s i o n  o f  the Nat ional  Bureau o f  Standards t o  ob ta in  var ious samples from 

the  O f f i c e  of Standard Reference M a t e r i a l  (SRM) and the Nat ional  Organ Bank. 

Data from PGAA w i l l  be used i n  p a r t  t o  e s t a b l i s h  a new Human L i v e r  SRM. By 

Sept. 1980 we w i l l  begin an in-depth study o f  hunan kidney, 1 i v e r ,  bone marrow 

and b r a i n  t issue samples prov ided by D r .  Robert Henkin o f  Georoetown 

U n i v e r s i t y  Medical Center. As descr ibed i n  Sect. V o f  the 1qRO Proaress 

Report, D r .  Henkin i s  a c o i n v e s t i g a t o r  on a p r o j e c t  soon t o  be funded by USDA 

on the development of  s tab le - iso tope t r a c e r s  i n  human suhjects. 

2. P l a n t  and Animal Tissue 

As previously descr ibed ( 1  - 1, we have analyzed NBS Povine L i v e r  (SRM 1577) 

and Orchard Leaves (SRM 1571) standards. I n  our i n i t i a l  s tud ies  o f  these 

mater ia ls ,  we were ab le  t o  analyze f o r  several important elements, i n c l u d i n g  

H, C, N, B and Cd, b u t  fewer elements than i n  the  case o f  c r u s t a l  samples such 

as coal, f l y  ash and rocks. This  r e s u l t  i s  n o t  s u r p r i s i n g  i n  view o f  the  fac t  

t h a t  b i o l o g i c a l  sampl es have general ly  1 ower concentrat ions o f  most elements 

for which PGAA i s  a s e n s i t i v e  technique. I n  addi t ion,  concentrat ions o f  K and 

Cl are greater i n  p l a n t  m a t e r i a l  and C1, espec ia l l y ,  causes considerable of  

i n t e r f e r e n c e  w i t h  observat ions o f  o ther  elements. Since these samples have 

n o t  been thoroughly i n v e s t i g a t e d  w i t h  t h e  use o f  Compton suppression and p a i r  

spectra, i t  may be poss ib le  t o  observe a d d i t i o n a l  elements w i th  the use o f  

these techniques p lus o ther  improvements o f  the  system described i n  Sect. I Y .  
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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 i v e r  and Orchard Leaves 

standards, we w i l l  look a t  a few o ther  types o f  samples o f  bo tan ica l  mater ia l .  

I n  doing so we a r e  look inp  towards poss ib le  a p p l i c a t i o n s  o f  por tab le  systems 

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

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/CI r a t i o  ( a  measure of 

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

We a lso  want t o  explore a p p l i c a t i o n s  t o  animal t issue,  e.g., the  Oyster 

standard, which we looked a t  b r i e f l y  two  years ago and newer mater ia ls  under 

considerat ion f o r  standards. I n  add i t ion ,  we want t o  analyze some samples o f  

g issos t ichus  mawsoni, a very unusual, deep water f i s h  which i s  o f  considerable 

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  per iods o f  

t ime, up t o  100 years and surv ive  i n  the  deep, c o l d  waters around Antarc t ica.  

(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  the  1980 Progress Report, we have co l labora ted  w i th  Dr .  

Joseph H a r r i s  of the Sandia Corporat ion i n  a study of the composit ion o f  

sandstone. The p o i n t  o f  these s tud ies i s  t h a t  o f  determining whether o r  n o t  

one can c a l c u l a t e  the neutron-absorpt ion p r o p e r t i e s  of  c r u s t a l  mater ia ls  

simply by knowing concentrat ions 'o f  the elements tha t  can be observed i n  those 

samples by PGAA and cross sect ions 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, easy-method than t o  make neutron-absorption 

measurements on samples o f  the mater ia l ,  as samples obtained from hore-hole 

cores are usual ly not usua l ly  n o t  l a r g e  enough fo r  bulk neutron-absorpt ion 

measurements. We p lan  t o  cont inue t h i s  c o l l a b o r a t i v e  study. I f  successful,  

t h i s  study would be of considerable b e n e f i t  fo r  f i e l d  app l i ca t ions  o f  PGAA by 

o t h e r  groups as we l l  as i n  our own planned s tud ies  w i t h  por tab le  neutron 

sources ( see Sect. I I I 1. 
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E. High Purity Samples 

Studies on a se t  o f  horon-doped s i l icon savples have heen completed and 

iscussed i n  the 1980 Prooress Report. birino the coming year ,  we would are 

l i ke  t o  study other types of  new materials in which the properties depend 

c r i t  cal ly  upon concentrations of  elements t h a t  can be determined by PGAA, 

e.g., solar  cell  materials, glasses  for  l i gh t  pipes. We are  establishing 

several contacts with people in the materials f i e lds  and  hope t o  i n i t i a t e  

additional studies o f  th i s  type. 
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I I I .  FUNDAMENTAL NEW APPROACHES 

A. Fundamentals o f  P o r t a b l e  N e u t r o n - I r r a d i a t i o n  F a c i l i t i e s  

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

reac tors  are going t o  be extremely va luable a n a l y t i c a l  t o o l s .  the appl i c a t i o n s  

are very much cons t ra ined by the  necessi ty o f  b r i n g i n g  samples t o  a reactor.  

Some o f  the p o t e n t i a l l y  most impor tant  app l i ca t ions ,  e.g., mon i to r ing  the 

composit ion o f  process streams i n  power p l a n t s  o r  i n d u s t r i e s ,  can be done only 

w i t h  a system based on a p o r t a b l e  source o f  neutrons such as a 252Cf source. 

Many i n v e s t i g a t o r s  have, indeed, tes ted  the use o f  z52Cf, Pu-Be o r  other 

i s o t o p i c  neutron sources i n  PGAA a p p l i c a t i o n s  ( 5 ) .  - One o f  the most extensive 

t e s t s  has been done by a qroup a t  Science Appl icat ions,  Inc. (6): - 
developed a system employina 2fj2Cf f o r  i r r a d i a t i o n  o f  coal  on a conveyor b e l t  

i n  which they can measure concentrat ions o f  about t e n  elements. 

they 

Despite the ex tens ive  amount o f  work done hy several groups on the use o f  

i s o t o p i c  sources, we f e e l  t h a t  there f s  considerable need f o r  fundamental 

improvements o f  the  method. 

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

t h e  neutron source as c l o s e  as poss ib le  t o  the sample cons is ten t  w i t h  other 

l i m i t a t i o n s  such as s h i e l d i n g  of personnel. Most neutrons emi t ted from the 

sources have h igh energies, t h e  most probable energy be ing  about 1 MeV i n  the 

case o f  the 252Cf f i s s i o n - n e u t r o n  spectrun. 

t o  the sample, most o f  t h e  thermal iza t ion  o f  the  neutrons occurs i n  the sample 

i t s e l f ,  which i s  u s u a l l y  a m a t e r i a l  conta in inp a considerable amount o f  

hydrogen (e.g., water, coal ,  p l a s t i c ) ,  which i s  t h e  most e f fec t i ve  moderator 

( i n  terms o f  the maximum energy l o s s  per  c o l l i s i o n ) .  

The major l i m i t a t f o n  has been that ,  i n  order t o  

Wen the source i s  placed close 

. 

Although the above approach may be o u i t e  adequate i n  many appl icat ions,  

we f e e l  t h a t  there  m i g h t  be advantages of a systev i n  whicb the neutrons were 
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thermal ized f a i r l y  we l l  before a l l o w i n g  them t o  en ter  the sample. 

descr ibed i n  a review paper a t  the U n i v e r s i t y  o f  Missour i  Conference i n  A p r i l ,  

1980 (7), - the neutron-capture spectrun o f  coal  f l y  ash obtained w i t h  our 

we l l - thermal ized  beam a t  the NBS r e a c t o r  ( 1 )  - conta ins  l i n e s  f o r  a number of 

elements t h a t  are n o t  present i n  spect ra of coal  obtained by the SA1 group 

w i t h  a Z52Cf source (6). - 
spectra a r e  those such as Sm and Gd, which have enormous cross sections. 

i s  d i f f i c u l t  t o  c a l c u l a t e  the energy spect ra o f  neutrons a f t e r  passage throuah 

var ious  amounts of  mater ia l ,  b u t  we suspect t h a t  l o w  energy neutrons are  being 

captured by hydrogen o r  other major elements t h a t  have r a t h e r  f l a t  (n,y) 

ahsorpt ion cross sect ions vs. energy before s lowing down enough t o  be captured 

s t r o n g l y  by elements such as Sm and Gd. 

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

t h a t  does n o t  capture neutrons s t rong ly ,  e.g., heavy water, deuterated 

p l a s t i c ,  o r  Be. 

As 

The elements whose l i n e s  are missing from t h e i r  

It 

If t h i s  i s  the case, one might  be 

Dur ing  the  new budget year, we p l a n  t o  do some ca lcu la t ions  and 

p r e l i m i n a r y  t e s t s  on the design of  a system i n  which 252Cf sources would be 

surrounded w i t h  a moderator, r e f l e c t o r  and sh ie ld .  

as one surrounds the source w i th  more mater ia l ,  t h e  distance R from the source 

t o  sample necessar i ly  increases, thus  decreasing the f l u x  a t  the sample 

approximately as I/R*. 

A m a j o r  problem i s  tha t ,  

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

b e l t )  , t h e  sample s ize could be q u i t e  l a r g e  t o  p a r t i a l l y  compensate 

smal le r  f l u x ,  b u t  the  e f f e c t i v e  sample volume would be so la roe  t h a t  

geometr ical  e f f i c i e n c y  o f  the y - r a y  d e t e c t o r  w i l l  be reduced. Thus, 

r a t h e r  sophi s t i c a t e d  ca l  cul a t i o n s  w i  11 be needed t o  design an optima 

o r  the  

the 

some 

c o n f i g u r a t i o n  o f  source, moderator, r e f 1  ector ,  s h i e l d i n g  and detect ion system. 

For t h e  neutron energy spectrun, i t  w i l l  be necessary t o  obta in  one of 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  would run them f o r  us (e.g., the 

Engineer in9 Physics D i v i s i o n  a t  Oak Ridge). We w i l l  t e s t  resul  t s  o f  some o f  

the c a l c u l a t i o n s  by p l a c i n g  appropr 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  the s t ronaer  sources a t  NBS. We w i l l  

t e s t  t h e  f lux i n  var ious  energy regions by a c t i v a t i o n  o f  several elements t h a t  

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

i n f o r m a t i o n  could be obta ined i n  i r r a d i a t i o n s  w i th  and w i t h o u t  Cd absorbers 

around the samples. 

Fur ther  

Note tha 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  perform 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 fo l low ing  year. 

B. Oxygen Determinat ions w i t h  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 of  var ious  i n d u s t r i e s  would be o f  cons iderable value i s  

oxygen. 

o f  7-sec 16N produced by t h e  160(n,p)16N react ion.  

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  quant i t y  from 

i s o t o p i c  sources. (There would Dresumably be a few neutrons i n  the hioh 

energy t a i l  of the Z52Cf f iss ion-neutron spectrum capable o f  i n i t i a t i n g  the 

reac t ion ,  b u t  the a c t i v i t i y  of 16N produced woul d be too  mal 1 t o  he 

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

generator t ha t  employs t h e  T(d,nI4He react ion.  Although t h i s  i s  a sens i t i ve  

technique f o r  oxygen determi nat ions,  i t has the d i  sadvantage tha t  i t  requi res 

i n s t a l  1 a t i o n  and considerable maintenance o f  the  neutron generator, which 

inc ludes  are  acce le ra to r  t h a t  produces a beam o f  deuterons o f  several hundred 

keV energy. 

A f a i r l y  r o u t i n e  method fo r  oxygen determinat ions i s  the observation 

However, tbe reac t ion  

It would be h i g h l y  des i rab le  t o  have a method a v a i l a b l e  t h a t  
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could use a passive, i s o t o p i c  neutron source i n  the h o s t i l e  environmental o f  

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 lants .  

We p lan  t o  i n v e s t i g a t e  several ideas f o r  poss ib le  determinat ion o f  oxygen 

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

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

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

a c t i v i t y  o f  the  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. I n  the course of doing some very s h o r t  i r r a d i a t i o n s  t o  observe 

17-sec 77%e, we observed the 190 i n  about t h e  amounts expected, a s  d i d  

previous researchers look ina  a t  the Se a c t i v i t y  (9) .  - However, be fore  we can 

be sure if the a c t i v i t y  i s  from lRO(n,y), we must check poss ib le  reac t ions  o f  

o ther  elements such as lPF(n,p). 

w i t h  reactors ,  i t  would have two impor tant  impl icat ions.  F i r s t ,  as noted i n  

the  1980 Progress Report, when we express the concentrat ions o f  e i g h t  major 

elements i n  terms of  t h e i r  common oxides (e.g., Na20, CaO, Fe2O3, etc . ) ,  we 

f i n d  t h a 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% 

One invo lves  t h e  use o f  the 180(n,y)190 

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

If t h i s  method i s  successful as performed 

of the sample mass. 

i t  i s  dangerous t o  est imate the oxygen concentrat ion i n  t h i s  way. 

sure ly  be i n c o r r e c t ,  f o r  example, if a p p l i e d  t o  some unusual volcanic samples 

i n v e s t i g a t e d  by PGAA, which conta in  l a r g e  amounts of halogens. 

d e f i n i t e l y  be preferable t o  have a d i r e c t ,  ins t runenta 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  successful, we would 

f i r s t  use i t  t o  check the oxygen concentrat ions i n  the geolooical , e s p e c i a l l y  

t h e  vo lcanic  samples s tud ied by PGAA. 

p o s s i b i l i t y  t h a t  the method could become p r a c t i c a l  w i t h  neutrons from i s o t o p i c  

sources. Since the cross sect ion i s  so m a l l ,  i t  may n o t  be prac t ica l .  On 

the  o t h e r  hand, one should r e a l i z e  that ,  as w a r e  look ing  a t  a r a d i o a c t i v e  

Although t h i s  i s  a standard geochemical p rac t ice ,  we fee l  

It would 

It would 

Second, we w i l l  consider the 
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species w i t h  a 27-sec h a l f  l i f e ,  one cou ld  observe i t  between beam bursts ,  

e.g., by use o f  a neutron-beam chopper or, i n  the case o f  a process s t r e a m ,  by 

count ing downstream from the i r r a d i a t i o n  s i t e .  'These measures woul d e l im ina te  

prompt backgrounds associated w i th  the neutron i r r a d i a t i o n s .  

As noted, i s o t o p i c  sources produce neutrons o f  energies t o o  low t o  make 

However, when bombarding water w i th  neutrons from a Pu-Be 16N v i  a 160(n ,p) . 
source, we observed some l i n e s  o f  160 t h a t  are emi t ted i n  decay of 16N. 

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

i n e l a s t i c  sca t te r ing  on 160, which would produce some of t h e  same y rays. 

so, t h i s  could perhaps he developed as a method f o r  oxyaen, b u t  would need 

much more inves t iga t ion .  If the r e a c t i o n  was indeed on oxygen, was i t  on 

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

Since 

If 

Durina the coming year,  we p lan  t o  i n v e s t i g a t e  these and perhaps other  

methods f o r  determining oxygen w i t h o u t  the  use o f  14-MeV neutron penerators. 

C. X-Ray Fluorescence 

The in tense low energy y - ray  f l u x  associated w i th  t h e  neutron beam i s  an 

undesi rab le in ter ference i n  t h e  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 quartz c r y s t a l s  i n  .the beam (see Sect. 1V.A . )  i s  designed t o  

reduce the interference. 

r a d i a t i o n  i n  a conventional sense, i t  cou ld  poss ib ly  be turned t o  advantage. 

The low energy r a d i a t i o n s  s t r i k i n g  t h e  t a r g e t  cause i n n e r  e lec t rons  t o  be 

knocked o u t  of atoms i n  the  t a r g e t ,  u s u a l l y  fo l lowed by emissions o f  x rays. 

T h i s  i s ,  of  course, the b a s i s  o f  a n a l y s i s  by x-ray f luorescence (XRF). 

Although our experiments were n o t  designed f o r  t h a t  purpose, we have 

occasional ly  observed x-ray f luorescence l i n e s  from samples. As t h i s  might  be 

a way of  ob ta in ing  data on a d d i t i o n a l  elements, we f e e l  i t  would be worthwhile 

t o  i n v e s t i g a t e  i t  further.  

\ 01w 10 13 

Despite . t h e  undesi rab i l  ty  o f  t h e  low energy 

Since the  y - ray  f lux  i s  spread over many energies 



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  t h a t  t h i s  w i l l  be a useful  technique. On the other  hand, t h e  

y - ray  f l u x  i n  our beam conta ins much h igher  energy photons than are  normally 

used i n  XRF,  so we shoul d be able t o  e x c i t e  K x rays  a1 1 the 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. 

r a d i a t i o n  i n  our system i s ,  thus, somewhat l i k e  synchrotron rad ia t ion ,  b u t  n o t  

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

the 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  useful 

in fo rmat ion  from x-ray l i n e s  t h a t  might be observahle from var ious elements. 

We w i l l  p lace standards o f  a few high- and l o w - Z  elements i n  the beam and t ry  

t o  observe x rays w i th  our small, h i a h - r e s o l u t i o n  Ge(Li)  detector  ( a  Ge 

The 

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

low-energy photon spectrometer, o r  " G e - L E P S " )  , which y i e l d s  peaks w i th  

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

made w i t h  and w i thout  a Cd f o i l  in the beam r i g h t  a t  f l o o r  l e v e l  t o  see if XRF 

can be observed much more e a s i l y  wi th neutrons removed from the beam. If the 

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

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

method q u a n t i t a t i v e l y .  
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I V .  SYSTEF! IMPROVEMENTS 

A. In-Beam S ina le  Crys ta ls  

As i n d i c a t e d  i n  l a s t  y e a r ' s  proposal, we a re  modify ing the PGAA beam 

f a c i l i t y  t o  permi t  i n s t a l l a t i o n  o f  s i n a l e  c r y s t a l s  of  bismuth and/or ouartz i n  

the  beam a t  about the  p o i n t  a t  which the beam emerges from the top  o f  the 

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

a re  t ransmi t ted r a t h e r  e f f i c i e n t l y  through channels o f  s i n g l e  c r y s t a l s ,  b u t  

f a s t  neutrons and y rays are s t rong ly  at tenuated (10). - Although the thermal 

neutron f l u x  i n  the beam w i l l  be reduced by about 50%, t h e  f a s t  neutrons and y 

rays w i l l  be much more s t rong ly  attenuated, y i e l d i n g  improved de tec t ion  l i m i t s  

f o r  a number o f  elements. 

rays  by the samples i n  the beam causes such l a r g e  backgrounds t h a t  i t  i s  

impossible t o  observe any b u t  the  most in tense y rays below about 300 keV i n  

t h e  capture y ray spect ra o f  complex samples. 

elements ( e s p e c i a l l y  i n  the r a r e  e a r t h  reg ion)  t h a t  e m i t  in tense low energy 

l i n e  w i l l  become observable when the  background i s  g r e a t l y  reduced. 

As descr ibed i n  t h a t  proposal, thermal neutrons 

S c a t t e r i n g  of the  enormous f l u x  o f  low energy y 

We a n t i c i p a t e  t h a t  several 

Another k i n d  of backpround i s  produced by s c a t t e r i n g  o f  f a s t  neutrons 

from the sample beam tuhe, etc.  .These scat tered neutrons are  o f t e n  eventual ly  

captured i n  the s t r u c t u r a l  m a t e r i a l s  of t h e  f a c i l i t y  (e .a. ,  A l ,  Fe), producing 

background l i n e s  o f  these elements. .The use of a c r y s t a l  should reduce t h i s  

k j n d  of background, too,  by a t t e n u a t i n g  the  fas t  neutrons be fore  they have a 

chance t o  undergo s c a t t e r i n g  and absorpt ion i n  and near the  beam tube. 

We have obtained a s i n g l e  c r y s t a l  o f  B i  o f  dimensions 10 cm l o n g  by 3.5 

cm d i m .  

and t h e i r  associated equipment from a neutron beam l i n e  a t  the Lawrence 

Livermore Laboratory reactor ,  which was r e c e n t l y  shut down. 

s h i p  the equipment as soon as we rece ive  t r a n s f e r  a u t h o r i z a t i o n  from the Oak 

We have a lso  arranged t o  o b t a i n  a B i  and two  quar tz  s i n g l e  c r y s t a l s  

(LLL i s  ready t o  
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Ridge Operat ions Of f ice. )  

a t t e n u a t i o n  o f  f a s t  neutrons, b u t  l e s s  e f f e c t i v e  than B i  f o r  y rays. 

The quar tz  c r y s t a l  w i l l  be q u i t e  e f f e c t i v e  f o r  

For h ighes t  t ransmiss ion o f  thermal neutrons through the c r y s t a l s ,  i t  i s  

necessary t o  cool them f a r  below room temperature. Thus, the  c r y s t a l s  w i l l  be 

surrounded by a cryogenic system c o n t a i n i n g  l i q u i d  n i t rogen.  We are  desi(rning 

a system f o r  use o f  B i  o r  quar tz  c r y s t a l s  alone o r  i n  tandem. 

When l a s t  y e a r ' s  proposal was w r i t t e n ,  we expected t o  have the c r y s t a l s  

and cryogenics i n s t a l l e d  by t h i s  time. 

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

delayed because of the  extended shut-down of  t h e  NBS reac tor .  

course, need the r e a c t o r  opera t ing  t o  i n s t a l l  the  system, b u t  the reac tor  

design and cons t ruc t ion  people needed t o  help on t h i s  p r o j e c t  were unavai lable 

w h i l e  the problems o f  the r e a c t o r  were being f i x e d .  

Although the i n s t a l l a t i o n  may we l l  be 

We d i d  not, o f  

As soon as the system i s  i n s t a l l e d ,  we w i l l  conduct PGAA s tud ies on 

several  representa t ive  types of  samples (coa l ,  f l y  ash, orchard leaves) t o  

determine a d d i t i o n a l  elements t h a t  become observable and f i n d  out if the 

accuracy and de tec t ion  l i m i t s  a re  ipproved f o r  elements we now observe. 

B. Addi t ion  o f  a Sinales Detector  
~~ 

The upper beam tube has been modi f ied by t h e  a d d i t i o n  o f  a second sample 

holder  p o s i t i o n  20 cm below t h e  o r i g i n a l  sample p o s i t i o n .  

bo lder  w i l l  be used i n  connect ion w i t h  a "s ing les"  Ge(Li1 detector,  i.e. a 

s imple Ge(Li)  detector  w i t h o u t  a NaI c r y s t a l  around it, as our present 

de tec tor  has. 

The new sample 

U i thout  the  surrounding NaI c r y s t a l ,  t h e  new detector  can be 

mounted much c l o s e r  t o  the samples (about  10 on vs. 60 cm f o r  the present 

de tec tor ) .  k demonstrated i n  l a s t  y e a r ' s  Progress Report, the NaI c r y s t a  

o u i t e  usefu l  i n  the d e t a i l e d  study o f  spect ra of  complex samples, as i t  a1 

us t o  take Compton-suppressed and p a i r  spect ra as we l l  as s ing les  spectra. 
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However, once the spectra a r e  we l l  understood, there a r e  many a p p l i c a t i o n s  f o r  

which i t  i s  more impor tant  t o  o b t a i n  higher count r a t e s  than t o  o b t a i n  the 

o t h e r  types of  spectra. 

s e n s i t i v i t y  o f  the method by fac to rs  o f  f i v e  t o  ten f o r  most elements. 

This, the s ing les  detector  should increase the 

A f t e r  c h a r a c t e r i z i n g  t h e  new sarnple/detector s e t  up, we w i l l  t ry  running 

two samples simultaneously i n  the  two holders. 

d i r e c t  r a d i a t i o n s  from each sample from reaching the wrong detector.  

we may f i n d  t h a t  i t  i s  necessary t o  keep the  f i r s t  t a r g e t  i n  the beam q u i t e  

t h i n  i n  order  t o  prevent  neutron s c a t t e r i n q  so grea t  t h a t  a l o t  o f  neutrons 

s t r i k e  the second t a r g e t  h o l d e r  and then s c a t t e r  i n t o  the second detector.  

t h i s  "cross t a l k "  between t h e  twc, systems i s  n o t  too ser ious,  we hope t o  be 

a b l e  t o  use the two systems simultaneously on a r o u t i n e  basis.  

The s h i e l d i n g  w i l l  prevent 

However, 

If 
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I .  INTRODUCTION 

This project has had  a strong influence on the direction of instrumental 

methods of analysis. 

previously, the value of the method was not f u l l y  appreciated u n t i l  we and, 

almost simultaneously, the Los Alamos group (e.g., Ref. 1) explored the fu l l  

capabil i t y  of i t  i n  the analysis of a wide range of material s. 

groups have developed PGAA f a c i l i t i e s  a t  reactors  ( U n f v .  of Missouri and  Univ.  

of Michigan) or are seeking funds t o  do so. Despite the success achieved t h u s  

f a r ,  there are s t i l l  many opportunities f o r  further development and use of the 

method, especially of the use of isotopic  neutron sources whlch would permit 

the method to  be used away from reactors. 

A1 though occasional papers on PGAA h a d  appeared 

Now ;:;let- 

During the coming year  we propose to  continue the fundamental development 

of PGAA by studies of o i l  shale, bore-hole samples, industrial  materials of 

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 target /detector  s t a t ion  on the beam line, w h i c h  will 

great ly  increase the throughput of samples. 

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 grea t  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 arr ives  i n  July, 1981. 

The sensitivity 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 w i l l  be work on the development o f  

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 ts capabi l i t i es  i n  many potential  appl ications. 

A source of 252Cf has been instal led a t  the 
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A. Energy-Related Samples 

1. Oil  Shale 

We have been involved 

11. NBS BEAM FACILITY 

i n  a collaborative effor t  w i t h  Dr. C. L.  -Wilkerson 

of Battelle Pac i f i c  Northwest Laboratories, w i t h  the  aim of characterizing a 

large batch of Greer River (Colorado) o i l  shale f o r  a large number o f  

elements. This material is  t o  be established as a s t a n d a r d  reference material 

t h r o u g h  round-robin analyses by Battell e, Universl t y  o f  Mary1 and, Lawrence 

Berkeley and Lawrence Livermore National Laboratories ( see 1981 Progress 

Report). Rather short irrdiations ( 2 - h r )  by PGAA were performed t o  

characterize 16 elements i n  the shale, b u t  longer irradiations are proposed t o  

establish the concentrations of several other elements, especially C ,  N and, 

possibly, Sr and Nd. 

A well-characterized s tandard  such as this  woul d be extremely valuable to 

energy research i n  this field. 

re1 ated samples have caused great interest  among several corporations, 

i n c l u d i n g  one major o i l  company, which i s  interested i n  boron measurments, a 

fas t ,  routine procedure w i t h  PGAA. We have initiated discussions w i t h  

scientfsts a t  the company i n  regard t o  possible cooperative projects. 

Our PGAA results for these and other energy- 

The success of PGAA i n  the analysis of o i l  shale has led t o  the proposal 

for more j o i n t  work w i t h  Battelle. Dur ing  the following year we propose t o  

continue the analyses o f  other o i l  shales ( r a n  and retorted) as  well as 

l o o k i n g  in to  new types of samples, including shale oi l  i t se l f .  

2. Heavy Elements 

A major problem of the nuclear energy industry is t h a t  o f  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 i n  the assay for a nlmber of 

l O l r l I 8 0  
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f iss i le  nuclides by h i g h  resolution Ge(Li) spectrometry of heavy element 

x-rays and  low energy y rays by Camp a n d  others a t  Lfvermore ( 2 ) ;  however, 

th i s  method can be used only i f  the heavy elements are free of other 
- 

activit ies.  

heavy elements i n  the presence of f ission products t h a t  would normally be 

associated w i t h  fuel rods af ter  a typical burn-up  i n  a reactor followed by 

several months cooling. We have performed ca lcu la t ions  t h a t  indicate t h a t  

several f i s s i le  species m i g h t  be measurable by PGAA methods despite t h t  

enormous y-ray activity of fission products i n  spent fuels. 

one would  look a t  prompt y rays fOl1Owing h , y )  reactions of the heavy 

elements. Our calculations show t h a t  i t  might be feasible t o  measure 238U1 

2 3 9 ~ ~ .  24oPu and 24IPu by this method. The reasons for the possible success 

of this method are: (1) thermal neutron cross sections for  many of the heavy 

elements are quite large (as  they m u s t  be for important f i s s i l e  species), and 

I t  would  be extremely useful t o  have a method f o r  measuring the 

In one approach, 

(2 )  the prompt y rays chosen for the 

whereas those of the long-lived fiss 

one t o  discriminate strongly agafnst 

the sampl e and the Ge(Li ) detector. 

measurements have energies >4 MeV, 

on products are mostly (900 keV, allowing 

the latter by placing absorbers between 

T h i s  method would probably not  work for some important species, 

especially 235U, whi.ch does n o t  have strong capture lines. 

possible method would be the observation of y rays from very short-lived 

fission products (seconds or less) 8 some of which have energies >4 MeV. To 

However, a second 

- 

avoid confusion w i t h  prompt y rays and other interferences assocfated w i t h  the 

beam, one would use a beam chopper and accept signals only between beam bursts 

of about 1-sec durat ion.  

i r r ad ia t ion  o f  a l l  abundant  f i s s i l e  species, b u t  the intensity patterns would 

Note that  fission products would result from 

be dffferent for the various nuclides because of different yield-mass 
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distributions, especially I n  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 hough  they are interested, there are so many unknown factors 

i n v o l v e d  t h a t  we cannot a p r io r i  prove the feasibility of the method. Thus, 

we have n o t  been able t o  convince them of t h e  probable success of the methcd 

enough f o r  them t o  support the study. 

p l a n  t o  irradiate several heavy element samples i n  order to 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 rel:ab?e 

predictions of the feasibility. These w i l l  be strictly fundamental studies 

designed t o  provide sufficient spectral d a t a  for preductions. If the 

predictions indicate a good chance of success , continued practical development 

of the method would be done only under support  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 providing a number of heavy element samples for 

the experiments. 

samples of  Gd-poisoned solutions of uranium enriched i n  23% and two Pu 

samples i n  order t o  explore possjbilities for PGAA i n  nuclear safeguards and 

the measurement of nuclear material s. 

Therefore, d u r i n g  the coming year we 

We have received permission and p l a n  to  irradiate small 

3. Reactor Cooling Water 

Another k i n d  of sample t h a t  i s  subjected t o  fntense and frequent neutron 

i r r a d i a t i o n  i s  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 o f  problems t h a t  might  be occurring i n  the 

reactor. 

There i s  much practical concern about 

As a l 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 
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t h a t  get i n t o  the circulating water. We have  been discussing the possibility 

of m a k i n g  some observations of the cool i n g  water a t  the Ca l  vert C1 i f f s  power 

p l a n t  w i t h  people from Baltimore Gas a n d  Electric Company. If  the logistics 

can be worked out ,  we plan t o  take spectra of the cool ing water i n  the p l a n t  

t o  look for short-1 ived y-emitting nuclides. If the results are interesting, 

we will 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  might  become a standard 

method f o r  monitoring cooling water a t  reactors i n  order t o  observe potential 

problems i n  the system before they cause serious accidents. 

B. Related Geochemical Samples 

1. Bore-Hole Samples 

We pl an to continue the col1 aborati ve effor t  w i t h  Dr. H. B i  vens and Dr. 

J. Harris o f  Sandia Laboratories invo lv ing  neutron-capture cross-sections of 

bore-hole samples (see 1981 Progress Report). The major objective o f  this 

j o i n t  effor t  is the development o f  i n  situ measurements o f  the compositions o f  

wall materials around boreholes us ing  a mal1 14-MeV neutron generator and 

&( t i )  detector package t h a t  can be lowered i n t o  the bore holes. 

-- 

2. Ores 

One o f  the potentially exciting uses of a portable PGAA system based on 
- 

252Cf is  t h a t  o f  prospecting i n  the field i n  search of resources such as ores 

o f  various metals. 

determine the feasibility of such uses, we plan  to take prompt pray spectra 

o f  representative ores o f  several metals. Already we have samples o f  a nunber 

In order t o  provide fundamental information needed to 
- 

o f  copper ores from several areas i n  Arizona t h a t  were obtained i n  connection 

w i t h  our I N A A  studies of particles released t o  the atmosphere from Cu smelters 

( 3 ) .  - We w i l l  be contacting people from other mines and smelters as well as 

the U.S. Geological Survey and the Bureau of Mines t o  obtain samples of other 

types o f  ores for these experlments. 
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3. 

In his thesis work ( 4 1 ,  - Michael Failey explored the use o f  PGAA by 

U . S .  Geological Survey S t a n d a r d  Rocks 

measuring concentrations of a l l  observable elements i n  a wide range o f  USGS 

standard rocks. For the most part, the results were excellent and we would  

l ike  t o  p u b l i s h  them. 

one analysis o f  several of the rock types. As soon as time i s  available on 

We have n o t  done so, however, because he performed only 

the system, we plan t o  i r r ad ia t e  a d d i t i o n a l  samples o f  those needed i n  order 

t o  finish and write up  the project. 

C . B i ol ogi cal Samples 

1. General Studies o f  Feasibility 

There i s  considerable interest i n  t h e  development o f  analytical methods 

for b io log ica l  materials, especially tissues i n  or from human bodies. Several 

groups, f o r  example, are work ing  on i n  v i v o  measurements o f  Cd i n  l iver and 

kidneys ( 5 )  - i n  workers exposed t o  large amounts of Cd, of Ca i n  patients 

suffering from bone diseases (61,  - and o f  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 product ion of short-lived activities (N a n d  Ca). To provide better 

methods for these and -- i n  v i t r o  studies, we have been analyzing various organs 

and tissues o f  human bodies obtained from autopsies performed a t  Georgetown 

University Medical Center to  determine which  elements are observable by PGAA 

and measure their  concentrations i n  those samples. We plan  to obtain 

additional samples t o  extend this work. Related to  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 plan t o  provide funds for  

support  of a person who w i l l  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 w i l l  a l so  be analyzing and storing mussles collected from the 
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v a r i o u s  coasta l  waters of t he  U.S., t h e  idea being that these are " i n d i c a t o r "  

organisms, i .e. ,  f i l t e r  feeders t h a t  are cons tan t ly  c o l l e c t i n g  and s t o r i n g  

chemicals present  i n  the  water and, thus,  w i l l  p rov ide an h i s t o r i c a l  record of 

changes t h a t  may be caused by na tu ra l  o r  anthropogenic e f f e c t s .  Some of the  

mussles w i l l  a lso be analyzed by PGAA and o the r  methods under our  j o i n t  

p r o j e c t  w i t h  NBS. 

2. S tab le  I s o t o p i c  T r a c i n p  

I n  a j o i n t  p r o j e c t  w i t h  Georgetown U n i v e r s i t y  Medical Center t h a t  i s  

suppor ted by the U.S. Department o f  A g r i c u l t u r e ,  we (GEG and NKA) are  

deve lop ing  the use of s t a b l e  i so tope t r a c e r s  f o r  studying t race  element 

n u t r i t i o n  i n  popu la t ion  groups t h a t  a r e  p r o h i b i t e d  from study w i th  i n  v i v o  

r a d i o a c t i v e  t racers.  The bas i c  idea i s  t h a t  one admlnisters a dose o f  the 

-- 

element  i n  which the  abundance o f  a minor  s t a b l e  isotope has been g r e a t l y  

e n r i c h e d  r e l a t i v e  t o  i t s  n a t u r a l  abundance (e.g. , 'OZn f o r  t r a c i n g  Zn) The 

appearance of the t r a c e r  i n  var ious  body "pools" (e.g., blood, serum, feces, 

u r i n e )  i s  detected as an a l t e r e d  r a t i o  o f  isotopes, e+, t he  70Zn/68Zn r a t i o .  

We have been developing nuc lear  a c t i v a t i o n  methods f o r  determining changes i n  

t h e  iso tope r a t i o s ,  e.g., in the  Zn case, measuring the r a t i o  o f  3.9-hr 71mZn 

to 1 4 - h r  69mZn f o l l o w i n g  neutron a c t i v a t i o n .  

PGAA m igh t  also. be use fu l  f o r  determin ing r a t i o s  o f  isotopes, as the  

s p e c t r a  o f  many element t h a t  have more than one s tab le  isotope con ta in  l i n e s  

f r o m  capture  i n  var ious isotopes. I n  order  to avoid contamination o f  the  

samples, we have t r i e d  t o  observe as many iso topes  as poss ib le  by inst rumenta l  

methods. As descrlbed in t he  Progress Report, we studied b lood samples by 

PGAA, b u t  because o f  the  i n t e n s i t y  of C1 l i n e s  i n  the spectra, we cou ld  

observe on ly  H, C, N, S, C1 and K, none o f  which i s  a good candidate for 

s t a b l e  i so tope t rac ing.  However, t h e r e  stf l l  might  be a r o l e  f o r  PGAA i f  one 

chemica l l y  separates the  element of i n t x r e s t  p r i o r  t o  PGAA. I n  the  absence o f  

- .  
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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 

than one isotope, or measure one isotope by PGAA a n d  another  by I N A A .  We will  

soon be s t a r t i ng  experiments w i t h  enriched-isotope samples of Zn and Se i n  our 

uSDA project.  

samples of those elements to  see I f  there a re  differences t h a t  could exploited 

i n  t ha t  work. 

A t  t h a t  time, we wi l l  do PGAA on enriched-isotope and natural 

I f  s tab le  isotope tracing can be successfully developed f o r  i n  v i v o  human 

s tudies ,  i t  m i g h t  well have many other applications i n  areas where radioactive 

t rac ing  I s  used, b u t  i s  undesirable because o f  exposure t o  people or sensit ive 

materfal s, e.g., semiconductor materials. 

D.  I ndustrf  a1 Samples 

-- 

From the outse t  o f  this project,  we have f e l t  t h a t  there would eventually 

be many industrial  applcations of PGAA, especially i f  portable systems based 

on 252Cf or  other isotopic  sources could be developed. 

obvious applications fo r  real-time analysis o f  large,  inhomogeneous materials. 

Because o f  the long ranges of the neutrons as  well as the y rays, PGAA can 

measure bulk 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 fnvolved. Thus, PGAA should be very 

useful f o r  monitoring streams of raw materials or  products i n  large industrial  

plants.  A group a t  Science Applications, Inc. ( 8 ) ,  - f o r  example, has 

demonstrated the a b i l i t y  of a 252Cf-based PGAA system to analyze coal on a 

conveyer be l t  for  about ten elements including S a s  well a s  several elements 

t h a t  indicate the ash content of the coal. Their system is now undergoing 

p i lo t -p lan t  studies i n  an actual coal-fired plant. 

The method has many 
' 

- 

Thoughout this project,  we have made many e f f o r t s  t o  be i n  touch w i t h  

scientists i n  many industries i n  order to  learn about t h e i r  analytical needs 
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and t o  inform them of the potent ia l  fo r  u s i n g  P G A A .  

encourage them t o  provide funds  fo r  development o f  techniques needed 

spec i f ica l ly  by them. 

We have hoped t o  

Although we have obtained some very minor support for  

collaborative work w i t h  Sandia Corp. 

bore- hol e analyses and w i  11 probably 

Specimen Bank  for  col 1 aborat i  ve s t u d  

I I .C. l ) ,  we have not been able  to  i n  

support. Many groups have expressed 

( see  Sect. 1I.B.1.) on development of 

receive modest support from the National 

es  of biological samples (see Sect. 

e r e s t  industries i n  providing major 

great interest i n  our work, b u t  a re  

apparently not persuaded on the basis  of our past work coupled w i t h  

f e a s i b i l i t y  calculations 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  

materials and are planning t o  do some of these over the next year. Among 

others ,  we have establ ished contacts  w i t h  s c i en t i s t s  a t  a s teel  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. In 

p a r t  a s  a result o f  these contacts ,  we will extend our studies o f  o i l  shales 

(Sect. II.A.1) and bore-hole samples (Sect. IS.8.1.)  and i n i t i a t e  s tudies  of 

ores  (Sect. I I . B . 2 1 ,  glasses ,  s t e e l ,  limestone and special materials of the 

comnunications industry, a s  discussed below. 

1. Glasses 

From contacts w i t h  a g lass  manufacturer and w i t h  the automotive glass 
- 

divis ion of a motor vehicle company, we have found tha t ,  despite the 

sophistication of modern g lasses  (e.g., those designed f o r  energy conservation 

i n  bu i ld ings ) ,  the glasses  a r e  made i n  batch processes under ra ther  poor 

analyt ical  control. The l a t t e r  I s  so inadequate tha t  some batches t u r n  out so 

badly t h a t  the en t i r e  batch i s  remelted so tha t  the composition can be 

corrected. The PGAA method should be an ideal method for  real-time 

\ 0 1 9 1 8 1  
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, I  . . .  I , 

measurements i n  the industry, as i t  is sens i t ive  t o  most of  the key elements 

present i n  g lass .  

l a rge  amounts of what are  normally considered t race  elements for  special 

purpose glasses (e.g. , Se and Cd i n  t i n t e d  g lasses) .  

be measured d i rec t ly  by PGAA, i t  may be possible by activation, i n  this 

example, of 17-sec 77mSe w i t h  the 252Cf source, as  we are  able to observe i t  

following shor t  i r rad ia t ions  of blood i n  the NBS reactor  ( 9 ) .  - 
acquired a wide range of glass  samples f o r  analysis.  

In  addition to  the major elements, glass manufacturers add 

If these elements cannot 

We have alrea& 

2. Steel and Limestone 

There a re  many process streams i n  the s tee l  industry tha t  would be of 

i n t e r e s t  for  real-time analysis,  including the incoming ore, 1 imestone, coke 

and the finished products. 

qu i te  interested i n  the possible use of PGAA. 

measuring several elements t h a t  we can surely do, inlcuding Fe, Si and Ca, b u t  

a r e  especially interested i n  oxygen measurements, i f  they can be done without 

the use of a 14-MeV neutron generator. 

confident t ha t  0 can be measured i n  many types of samples by very short  

Steel industry s c i e n t i s t s  vis i ted us and were 

They are  interested i n  

From our previous work, we are  

i r r ad ia t ions  i n  the reactor followed by observation of 26-sec I9O. 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 tha t  i t  i s  going t o  be d i f f i c u l t ,  b u t  worth trying. 

w i l l  investigate this as well as  the p o s s i b i l i t i e s  for  the 160(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 
I 

w i l l  a l so  obtain samples of ores,  limestone, steel, etc. from the company f o r  

survey experiments i n  the NBS beam line. 

3. Comnunications Industry 

We don't y e t  know a great  deal about the analyt ical  problems of the 

comrmnications industry, b u t  made contact  w i t h  scientists from the Industry a t  

10 



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  S i  or glassy matrices, so we wil l  t r y  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 Filters 

The B i  single crystal obtained has been evaluated f o r  neutron trans- 

mission w i t h  the help of R .  F1 eming of NBS (see 1981 Progress Report), 

I n s t a l l a t i o n  i n  the PGAA fac i l i ty  has been delayed by unforeseen problems i n  

the construction o f  a suitable cryostat assembly for the existing beam tube. 

I t  i s  likely t h a t  a new section will have t o  be constructed and attached to 

the beam tube which  can properly cool the B i  and  s t i l l  have enough shielding 

t o  protect our detection system. 

A1 ternati y e  f i 1 t e r  systems are be5 ng consi dered, i ncl u d i  ng an Si crystal 

and a sapphire crystal. Preliminary studies, a lso 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. If a non-cooled crystal could be inserted i n t o  our 

beam shutter, very few scattering problems are anticipated. 

2. Second TargetDetector S ta t ion  

The second target/detector station has been installed and our i n i t i a l  

t e s t s  indicate t h a t  the sensitivity i n  t h a t  position is  about an order-of- 

magnitude better t h a n  for our original 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 

a d d i t i o n a l  tests. Mainly we need t o  f i n d  out i f  both s ta t ions can be used 

simultaneously, or i f  scattering o f  neutrons by targets placed i n  the new 

s t a t i o n  (which i s  *upstream*) will  increase backgrounds or otherwise interfere 

w i t h  simul taneous measurements a t  the original posi tlon. 

1 0 1 9 \ G ’ ” i  
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3. Beam Chopper 

We propose t o  do preliminary studies on ” c h o p p i n g ”  the neutron beam in 

order t o  study short-1 ived neutron a c t i v a t i o n  species and fission products. 

simple way t o  investigate this could be t o  simultaneously control a simple, 

lfghtweight Cd shutter a t  floor level, while g a t i n g  the corresponding ADC o f f  

when the beam i s  on target. 

Maryland Cyclotron (10). - 
the second detector could open up a new set of elements for analysis. 

A 

Our group has experience w i t h  such systems a t  the 

The chopper, coupled w i t h  the better sensftlvity of 

. 
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III. CALIFORNIUM-252 FACILITY 

As proposed l a s t  year  and descr ibed i n  the Progress Report,  we have 

acqu i red  a 150-ug 252Cf source fo r  development o f  PGAA a p p l i c a t i o n s  t h a t  can 

be done away from the reac tors .  

approval  t o  acqu i re  the source i n  Nov. 1980, the  long delays i n  processing the  

forms k e p t  us from g e t t i n g  I t u n t i l  ' late May, 1981. Thus, we have n o t  had 

Al though we i n i t i a t e d  paperwork t o  ob ta in  

t ime  f o r  much work on it, b u t  w i l l  be doing so over the remaining months o f  

t h i s  budget year  and i n t o  the  new year .  There are 4 a d d i t i o n a l  150-ug sources 

a t  NBS and we may be ab le  t o  o b t a i n  3 of them t o  b r l n g  the t o t a l  up t o  0.6 mg, 

which woul d g r e a t l y  improve the  sensi  ti v f  ty  o f  measurements. 

A. Con f igu ra t i on  Tes ts  

There are many parameters i n v o l v e d  i n  the design and cons t ruc t i on  of 

i s o t o p i c  neutron sources and assoc ia ted  t a r g e t  holders and detectors ,  e.g., 

t he  cho ice  o f  m a t e r i a l s  and s i zes  o f  moderators, the  s i ze  and placement of 

samples, and ma te r ia l  f o r  r e f l e c t i n g  and absorbing neutrons, y - ray  and neutron 

s h i e l d i n g  of detectors  and personnel , and l o c a t i o n  o f  the detector.  A1 though 

a nunber o f  designs are g iven i n  t h e  l i t e r a t u r e ,  it i s  no t  obvious t h a t  any o f  

them p rov ide  opt imal sensf t i v i t y  w i t h  minimum in te r fe rence f o r  q u a n t i t a t i v e  

work. 

l o c a t i o n s  w i t h i n  a p a r t i c u l a r  c o n f i g u r a t i o n  are very complicated and can be 

done accu ra te l y  on ly  w i t h  the  use of  l a r g e  computer codes developed by AEC and 

i t s  c o n t r a c t o r s  fo r  use i n  r e a c t o r  and weapon design. Examples o f  some 

c a l c u l a t i o n s  performed by SA1 f o r  des ign of t h e i r  PGAA system are a v a i l a b l e  

(111, - b u t  they are based on a very  s lmple model. Fortunately,  as a p a r t  o f  

our  arrangement with the  Sandia Corp., they w i l l  run a number of ca l cu la t i ons  

for us o f  several  con f i gu ra t i ons  u s i n g  t h e i r  ve ry  complex codes. Soon we w i l l  

send them the  suggested arrangements and when the  ca l cu la t i ons  have been 

Ca lcu la t i ons  of t he  f l u x  and energy spectrum o f  neutrons a t  var ious 

- 



completed, we will  perform tests of the most promising configurations by 

p l a c i n g  samples of Au, Dy, e tc . ,  a t  various locations, w i t h  and  w i t h o u t  Cd 

envelopes, t o  measure fluxes and Cd ratios. 

design and construct t h e  f i n a l  252Cf f a c i l i t y .  

B. Analytical Tests 

These results will  be used t o  

As soon as preliminary experiments have been completed, we will test the 

analytical capabilities of the 252Cf facil i t ies.  

measurements will be done on standard materials t h a t  we have previously 

analyzed i n  detail a t  the NBS f a c i l i t y  t o  see i f  the results obtained w i t h  

252Cf are reliable or i f  there are differences caused by the presence of 

In the i n i t i a l  studies, most 

higher energy neutrons i n  the la t te r  source. Once the system has been tested 

by analysis of standards, we will then use i t  for  survey studies of a wide 

range of materials mentioned th roughou t .  t h i  s proposal , especially i n  Sect. 11. 

Most materials will f i rs t  be run  on the NBS beam line, which will produce 

higher count rates for most species. Whereas we normally use about 1-9 

samples i n  the beam facil i ty,  we will often use much larger samples (e.g., 1 

kg) i n  the 252Cf faci l i ty ,  if large amounts of material are available. This 

w i l l  increase count rates of the y rays and also provide a better simulation 

of the b u l k  samples t h a t  would be encountered i n  field and industrial 

applications. A study of specific interest on the z52Cf f a c i l i t y  w f l l  be a 

search for  lines associated w i t h  ovgen, either prompt lines from ( n , n ' y )  or 

delayed emissions from 26-sec 190. In order t o  observe radiat ions from very 

short-llved species free of the backgrounds present i n  the target area, 

provision w i l l  be made i n  the f a c i l i t y  for  a f l o w i n g  system w i t h  a detector 

mounted downstream from the i r r ad ia t ion  site. 

C. Detector for z52Cf Facility 

One of the difficulties associated w i t h  the use o f  252Cf neutrons for 

t 019 t 92 14 



quant i ta t ive analytical  measurements i s  exposure of the y-ray detector t o  fast  

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 th i s  detector.  

the budget, we propose the purchase of a new n-type hyperpure Ge detector f o r  

use i n  these experiments. As these n-type Ge detectors a r e  more r e s i s t an t  t o  

damage by f a s t  neutrons (R. H. Pell ,  Physics Today, November, 1977) .  we expect 

t o  be able t o  carry out our t e s t s  w i t h  use of the 252Cf neutron source w i t h  

1 imited degradation of the detector performance. 

Our i n i t i a l  t e s t s  have 

I n  
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Y .  BUDGET 

University of Maryland 

Contract  DE-AS05-76ER-05173 

November 1 ,  1981 through November 30, 1982 

A-I I ( a )  - REIM3URSABLE OR COST-SHARING PORTION 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

S a l a r i e s  and Wages 

S c i e n t i f i c  Discipl ine Personnel 

Principal  I n v e s t i g a t o r ,  G. E. Gordon, Professor  
20% summer 1982 

Principal  Inves t iga to r ,  W. H. 201 l e r ,  Professor  
25% summer 1982 

0. Anderson, Research Associate - 100% of time 
f o r  13 months 

2 Graduate Assistants 
C.  M. Thompson, 100% o f  time for 1 3  months 
S.  Bradley, 100% of time for 2 months summer 

SUB TOTAL 

I n d i r e c t  Costs 
1% x 60,000 M' TDC on items 1, 3, 5, 6, 7a and  7b  

Suppl ies  and Mater ia l s  

m p e r p u r e  Ge de tec to r  
electronic modul es 

Pub1 icat ions 

Travel - Domestlc 
m e t i n g s  Las Yegas and Kansas City 
Trips t o  NBS reactor from Univers i ty  of Maryland campus 

0 ther - 
a. Fringe Benefits 

Hospital lzat ion Q $115/month married, 19.48 single 
20% faculty r a t e  (Walters 7.3%) 
7.3% Gordon and 201 ler  

b. Maintenance 

c. Reactor subcontract  

TOTAL 

s 2,200 

f 2,250 

$ 24,000 

$ 8,000 
1,350 

S 37,800 

$ 24,600 

S 5,000 

S 13,000 
1,200 

$ 2,000 

$ 4,000 

S 7,200 

$ 4,000 

s 9,500 

s108,300 
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A-I I ( b )  - ITEMS EXCLUDED FROM COST-SHARING TO BE FURNISHED BY UNIVERSITY 

none 

A-I I ( c )  - UNIVERSITY CONTRIBUTION OF PRINCIPAL INVESTIGATOR 

1 0 1 9 1 4 1  

Pr I nci pal Investigators 

G. E .  Gordon 
10% o f  time for 9 . 5  months - academic year 

W. H .  Zoller 
10% o f  time for 9 . 5  months - academic year 

W. B. Walters 
10% o f  time for 9 . 5  months - academic year 
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V I .  OTHER SOURCES OF RESEARCH SUPPORT 

Current Support 

Zinc, Selenium and Chromium Nutrition i n  Term and Pre-Term Infants, Gordon 
( w i t h  R. Henkin, K. Sivasubramanfan and R .  Aamodt) USDA, 543,000, 
9/15/80-9/30/81. Gordon, 10% o f  acad. year ,  1 month smmer. 

The Composition o f  Remote Area Aerosols from Antarctica and  Hawaii, 
Zoller,  $58,000, NOAA, 2/1/81-1/31/82. 
summer. 

Zoller,  10% of acad. year,  1 month 

Radioactive Decay Studies a t  TRISTAN 11; Val ters, DOE, $88,000, 
7/1/80-6/30/81. Walters, 25% of acad. year ,  2 . 5  months summer. 

The Importance of Organic Slicks on Water Surfaces Near Power Plants on 
Chesapeake Bay; Zol ler  and Jon M. Bellama (U.  of Maryland) , State  of 
Mary1 and, $40,688, 8/15/80-8/14/81. Zol I e r ,  5% of acad. year. 

Volcanic Impact on Stratospheric Aerosol Chemistry; Zoller,  NASA, $60,000, 
3/1/80-11/30/82. Zol ler, 5% o f  acad. year. 

Interpretat ion of the RAPS Atmospheric Elemental Concentration Data, 
Gordon, 562,000, EPA, 11/16/80-11/15/81. 
months summer. 

Gordon, 10% o f  acad. year,  1.5 

Cooperative Study of Bore-Hole Samples, Gordon and Zoller, Sandia 
La b or  a tor i e s , S 5 0 00 , 2 /18 - 1 2 /8 1. 

Research on Atmospheric Volcanic Emissions, Zoller and James P. Friend 
(Drexel University) , NASA, $156,000, 5/15/81-5/14/82; Univ.  Md. portion, 
$65,000. Zoller 10% acad year, 1.5 months sunmer. 

Pending Support 

Zinc, Selenium and Chromium Nutrition i n  Term and Pre-Term Infants,  Gordon 
( w i t h  R. I .  H e n k i n ,  K. Sivasubramanian and R.  Aamodt), 549,889, USDA, 
9/15/81-9/14/82. Gordon, 10% of acad. year,  1 month sunmer. 

Developnent o f  Receptor Models fo r  Atmospheric Par t ic les ,  Gordon, EPA, 
$225,076 f o r  3 years .  Gordon 10% of acad. year,  1.5 months summer. 

Radioactive Decay Studies a t  TRISTAN, Walters, DOE, $144,000 
7/1/81-4/30/83. Walters 20% o f  acad. year,  2.5 months sunmer. 
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VII .  FINANCIAL STATEMENT 

1. Total actual project cost t o  da t e  f o r  the current period 

2. Estimated t o t a l  cost for remainder o f  period 

3. Tota l  actual  and  estimated cost chargeable to  DOE for 
current period based on percentage of cost agreed upon 
as contained i n  A-I11 o f  Appendix "A" t o  Contract 

L 570,200 

24,780 

594,981 

4. Accumulated costs chargeable t o  DOE (incude costs 
reported i n  certified statement for preceding period(s) and 
the costs stated i n  Item 3 above) 594,981 

5. Accumulated DOE Suppor t  Ceiling as stated in Article I 1 1  
o f  Contract 594,981 

6. Total estimated DOE funds remaining under Contract 
subtract Item 4 from 5 which may be used t o  reduce 
amount of new funds required from DOE f o r  proposed 
period 
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