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A .  PROGRESS REPORT 

The fo l lowing  s t u d i e s  w e r e  undertaken dur ing  t h e  1 9 7 4  ca lendar  

y e a r  a f te r  t h e  completion of i n s t a l l a t i o n  of t h e  Van de  Graaff (VDG) 

a c c e l e r a t o r  and t h e  a s s o c i a t e d  a n a l y s i s  equipment. 

1. Completion-and t e s t i n g  of t h e  computer proqram (MAX-1) f o r  

multi-element a n a l y s i s  of X-ray emission spectra. This  program 

w r i t t e n  i n  FORTRAN I V  s t o r e s  c h a r a c t e r i s t i c  X-ray l i n e  shapes and 

e n e r g i e s  for  3 3  elements ( t h e  l i s t  is  p e r i o d i c a l l y  updated accord- 

i n g  t o  requirements)  on a d i s c  a long wi th  accu ra t e ly  measured 

re la t ive  c h a r a c t e r i s t i c  X-ray y i e l d  d a t a  f o r  a l l  t h e s e  (and o t h e r )  

elements.  

i n  a c e r t a i n  X-ray spectrum and accepts  t h e  presence o f  an element 

i f  a t  l eas t  t w o  l i n e s  p e r t a i n i n g  t o  t h a t  element are i d e n t i f i e d  i n  

t h e  spectrum. 

elements are s t r i p p e d  from t h e  t o t a l  spectrum i n  a predetermined 

The program c a l c u l a t e s  t h e  ene rg ie s  of a l l  peaks observed 

C h a r a c t e r i s t i c  X-ray s p e c t r a  of p o s i t i v e l y  i d e n t i f i e d  

o r d e r  ( w i t h  r ega rd  to atomic number} wi th  b u i l t  i n  c r i t e r i a  t o  monitor 

over and under s t r i p p i n g .  A f t e r  a l l  t h e  c h a r a c t e r i s t i c  X-ray " l i n e s "  

f o r  t h e  predominant element have been s t r i p p e d  f r o m  a spectrum, t h e  

r e s i d u a l  spectrum i s  reanalyzed i n  e x a c t l y  t h e  same manner as  a new 

spectrum. This process  i s  cont inued u n t i l  t h e  spectrum i s  s t r i p p e d  

down t o  t h e  l e v e l  of t h e  background. Elements t h a t  a r e  n o t  p o s i t i v e l y  

i d e n t i f i e d  i n  t h e  spectrui i  a r e  ass igned  upper limits fo r  t h e i r  f r a c -  

t i o n a l  abundance determined from t h e  s t a t i s t i c a l  unce r t a in ty  i n  t h e  

number of counts  a t  t h e  l o c a t i o n  of t h e  X-ray l i n e s  from t h a t  e l e m e n t .  
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2 .  

sanples from E g A .  

Analysis of water sairples from a t rea tment  p l a n t  and some t e s t  

Procedures for q u z n t i t a t i v e  a n a l y s i s  of w a t e r  samples by proton- 

induced X-ray emission techniques were developed. 

w a s  expended i n  determining t h e  sources  of contamination of t h e s e  

samples when it i s  d e s i r e d  t o  know t h e  concen t r a t ions  of s e v e r a l  

Considerable e f f o r t  

elements down t o  0 . 1  ppb. 

p o s s i b l e  change i n  t h e  t r a c e  element concent ra t ion  of t h e s e  water 

samples as a func t ion  of  s t o r a g e  t i m e  and condi t ions  such as  a c i d i t y ,  

t empera ture ,  etc.  

of t h e s e  procedures i s  a t t ached .  

3 .  

S t u d i e s  were also made t o  determine any 

A r e p o r t  t h a t  w a s  s e n t  t o  EPA d i s c u s s i n g  s e v e r a l  

L i n e a r  scans  of l ong  s t r a n d s  of human h a i r  for v a r i a t i o n s  i n  

t h e i r  e lementa l  composition as a func t ion  of d i s t a n c e  from t h e  roo t  of 

t h e  h a i r  us ing  a w e l l  co l l ima ted  proton bean from t h e  VDG a c c e l e r a t o r .  

The o b j e c t  of  t h i s  s tudy  was t o  determine i f  t h e  h i s t o r y  of exposure 

of  i n d i v i d u a l s  t o  vary ing  concen t r a t ions  of t o x i c  metals i s  recorded 

i n  t h e i r  h a i r .  A b r i e f  d i s c u s s i o n  of procedures and r e s u l t s  publ ished 

i n  t h e  proceedings of a conference on t h e  uses  of  low energy acce ler -  

a t o r s  (North Texas S ta te  Univers i ty  Physics  Dept. , 1 9 7 4 )  i s  a t tached .  

4 .  Elemental  a n a l y s i s  of bulk h a i r  specimens c o l l e c t e d  from r e s i d e n t s  

i n  t h e  v i c i n i t y  of a copper smelter.  The o b j e c t  h e r e  was t o  determine 

t h e  level of t o x i c  elements such as As, Pb, Hg, C d ,  Sb, etc. , i n  t h e  

h a i r  of t h e  donors r e s i d i n g  i n  t h e  v i c i n i t y  of t h e  copper smelter and 

t o  compare t h e  l e v e l s  observed i n  these samples wi th  those  i n  specimens 

c o l l e c t e d  f r o m  remote r e l a t i v e l y  unpol lu ted  a r e a s .  Prel iminary s t u d i e s  

t o  opt imize t h e  a n a l y s i s  technique  and t o  decide on an i n t e r n a l  s t a n -  

dard  t o  be in t roduced  i n t o  t h e  h a i r  specimens were made. Sample prep- 
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ara t ios l  ?roeec?rzres t o  ensure  minimum c o n t a d n a t i o n  and loss of t r a c e  

e l e n m t s ,  end a u i f o m .  honogeneous t h i n  d e p o s i t  of a s o l u b i l i z e d  and 

doped (with a r~  i n t e r n a l  s t anda rd )  sample on a t h i n  (1/7 m i l )  mylar 

f i l m  were developed asld t e s t e d .  Several samples have been analyzed. 

An example i s  shown i n  Fig.  1. 

5. 

a i r f i e l d .  

Analys is  of a i r c r a f t  exhaus t  a e r o s o l  samples c o l l e c t e d  from an 

The o b j e c t  of  t h e s e  s t u d i e s  w a s  t o  determine i f  heavy tox ic  ele- 

ments such as Pb tend  t o  concen t r a t e  i n  s m a l l  s i z e  a e r o s o l s  t h a t  land 

i n  t h e  deep pulmonary reg ions  and t h e r e f o r e  p r e s e n t  a p o t e n t i a l  h e a l t h  ' 

hazard.  A l e t t e r  on t h i s  subject submit ted t o  Applied Physics  L e t t e r s  

f o r  p u b l i c a t i o n  is a t t ached .  

B. REQUEST FOR RENEWAL OF LOAN O F  90°  BENDING MAGNET 

A s  po in t ed  o u t  i n  our  f i rs t  proposa l  submit ted t o  the  AEC on 

February 25,  1 9 7 4 ,  t h e  magnet w i l l  b e  used i n  our  trace element lab-  

o r a t o e  f o r :  

i) VDG accelerator beam a n a l y s i s  so t h a t  w e  have a proton  beam 

free f r o m  molecular  and o t h e r  i o n  components and of well def ined  

energy f o r  our proton-induced X-ray emission s t u d i e s ,  and 

ii) f o r  reducing t h e  s i g n a l  t o  background r a t i o  i n  our  X-ray 

S i ( L i )  d e t e c t o r  by p e r m i t t i n g  t h e  sample chamber and d e t e c t o r  assem- 

b l y  t o  b e  completely i s o l a t e d  from t h e  VDG accelerator. 

Trace element s t u d i e s  that  are planned f o r  t h e  1975 ca lendar  
A 
w -  y e a r  inc lude  t h e  fol lowing:  
CT 
W i) C o r r e l a t i o n  between t h e  level  of trace elements  i n  t h e  serum 
0 

and cancerous t i s s u e  ob ta ined  from cancer  p a t i e n t s .  A l t e r a t i o n s  i n  

- A -  
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X-Ray Energy (KeV) - 

Fig .  1: Proton-Induced X-ray spectrum of a human h a i r  sample. 
. Table below shows t h e  concen t r a t ions  of t h e  var ious  

C r  i s  a d d e d t o  t h e  sample a s  an  elements observed. 
i n t e r n a l  s t anda rd  for q u a n t i t a t i o n .  Sb l i n e s  o r i g i n a t e  
i n  t h e  mylar s u b s t r a t e  f o r  t h e  sample. For t h e  elements 
where the  second column shows a zero ,  t h e  va lues  i n  t h e  
f i r s t  column i n d i c a t e  an  upper l i m i t .  

Digested Human Hair Sample 

: 
t .. CONC( PPM 1 ELEMENT CONC { PPM) 
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3414060 +'- 
1333.86 +- 

4518d.39 +- 
1119.47 +' 

. 2135.90 +- 
0.04 +- 
3S.22 +- 
13-74 +- 

67d.00 +- 
32.22 +- 
47.36 +- 
4.53 +- 
2.31 +- 

152.15 +- 
228.11 +- 
35.67 +- 

0:00 
0.00 

149rO1 
0.00 
16.27 
0.00 
0.00 
0.00 
6.26 
9.00 
2.51 
0.00 
0.03 
0.68 
0 e74 
0.91 

SE 
6 R  
R 9  
SR 

Y 
ZR 
NB 
MO 
AG 
CD 
S N 
SB 

I 
BA 
HG 
P B  
61 

8.25 +- 
1456 +- 
0.39 +- 
1.16 +- 
1.04 +- 
0.39 +- 
0.47 +- 
0.33 +- 
2 .42  +- 
2.73 +- 
5.27 +- 
O I O O  +- 
3.03 +- 
5.76 +- 
lr74 +- 
14.87 +- 
3.75 +- 

0.00 
0.00 

0.11 
0400 
0.00 
0.11 
0.00 
0.28 
0433 
Ob63 
0.00 
0.00 
0.00 
0.00 
0.21 
0.00 

0.00 



t h e  level of t h e s e  t r a c s  elemsnts i n  t h e  serum b e f o r e ,  during and 

a f t e r  therapy w i l l  a l s o  be i n v e s t i g a t e d .  

ii) Contamination of s t u d i e s  on e lementa l  composition of ae roso l s  

as a func t ion  of s i z e  wi"& f i l t e rs  t h a t  are designed a t  VAXC t o  i m -  

prove t h e  a e r o s o l  c o l l e c t i o n  e f f i c i e n c y  a t  each s t a g e  of  t h e  cascade 

. impactor.  S tud ie s  are also planned t o  c l a s s i f y  t h e  ae roso l s  w i t h  

t h e  g r e a t e r  s i z e  r e s o l u t i o n  achievable  wi th  a s p i r a l  c e n t r i f u g e  s i z e  

spec t rometer  so t h a t  models for t he  concen t r a t ions  of var ious trace 

metals i n  s i z e  c l a s s i f i e d  ae roso l s  can b e  developed t o  expla in  t h e  

observed r e s u l t s .  P l ans  are a l s o  be ing  developed t o  perform animal 

experiments w i th  l a b o r a t o r y  genera ted  a e r o s o l s  t h a t  are s p e c i a l l y  

enr iched  i n  trace metals such as Pb,  C d ,  As, N i ,  V, etc. t o  s tudy 

t h e  r eg ions  of a n i m a l  anatomy where t h e s e  elements accumulate and 

the i r  effect on t h e  g e n e r a l  h e a l t h  and s p e c i f i c  func t ions  of var ious  

organs i n  t h e s e  experimental  animals.  

iii) S t u d i e s  i n  t h e  a l t e r a t i o n  of trace element composition of 

blood and organs i n  m i c e  as a f u n c t i o n  of d i f f e r e n t  doses of r a d i a t i o n s  

of d i f f e r e n t  LET. 

o t h e r  rad iobio logy  work t h a t  is  c u r r e n t l y  i n  p rogres s  a t  VARC and 

Th i s  s tudy  w i l l  be undertaken simultaneously wi th  

t h e  NASA Space Radia t ion  E f f e c t s  Laboratory.  

i v )  C o r r e l a t i o n  between t h e  l eve l  of trace metals i n  t h e  blood 

and h a i r  ( a t  t h e  r o o t  and beyond) a t  v a r i o u s  t i m e s  over an extended 

p e r i o d  of t i m e .  The concen t r a t ion  of trace metals i n  h a i r  nea r  t h e  

r o o t  w i l l  b e  observed f o r  a l t e r a t i o n s  as t h a t  segment of h a i r  grows 

o u t  t o  some d i s t a n c e  from t h e  r o o t .  The object i s  t o  determine t h e  

e x t e n t  t o  which h a i r  can be  used as a record of levels of  var ious  

trace metals i n  t h e  blood a t  va r ious  t i m e s  i n  a donor ' s  h e a l t h  h i s t o r y .  
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