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ABSTRACT 

T h i s  i s  the  f ina l  r e p o r t  in an  e i g h t - y e a r  p r o g r a m  to e x p l o r e  the  

u s e f u l n e s s  of  a c t i v a t i o n  a n a l y s i s  in the  f i e l d  of  c r i m i n a l i s t i c s .  

The  s a m p l i n g ,  a c t i v a t i o n  a n a l y s i s  w o r k ,  r e s u l t s ,  and s t a t i s t i c a l  

i n t e r p r e t a t i o n  o f  r e s u l t s  a s s o c i a t e d  w i t h  r e p r e s e n t a t i v e  p o p u l a t i o n  s a m p l e s  

of  p a i n t s ,  b u l l e t  l e ad ,  and  g u n s h o t  r e s i d u e s  a r e  d e s c r i b e d .  

It h a s  b e e n  found tha t  p a i n t  c a n  be  h i g h l y  c h a r a c t e r i z e d  by  n e u t r o n  

a c t i v a t i o n  a n a l y s i s  (NAA). A g i v e n  b a t c h  of  p a i n t  i s  h i g h l y  u n i f o r m ,  bu t  

t h e r e  a r e  s i g n i f i c a n t  b a t c h - t o - b a t c h  d i f f e r e n c e s  in the  c o m p l e t e  a r r a y  of  

o b s e r v e d  e l e m e n t a l  c o n c e n t r a t i o n s  ( " f i n g e r p r i n t s " ) ,  and  d i f f e r e n t  p a i n t s  

h a v e  h i g h l y  d i f f e r e n t  " f i n g e r p r i n t s " .  On the  a v e r a g e ,  t h e  c h a n c e  t h a t  t w o  

d i f f e r e n t  p a i n t s  w i l l  be  a c c i d e n t a l l y  m a t c h e d  b y  NAA is  c o n s i d e r a b l y  l e s s  

t h a n  one  in  a b i l l i o n .  

A r e v i e w  o f  e a r l i e r  N A A  d a t a  r e g a r d i n g  p a p e r  s a m p l e s  s h o w s  tha t  

n e a r l y  the  s a m e  d e g r e e  of  c h a r a c t e r i z a t i o n  s h o u l d  be  p o s s i b l e  by N A A  

w i t h  t h i s  m a t e r i a l  a s  h a s  b e e n  a c h i e v e d  w i th  p a i n t .  

B u l l e t  l e a d  a n a l y s i s  by i n s t r u m e n t a l  N A A  h a s  b e e n  s h o w n  to be  

u s e f u l ,  a l t h o u g h  to a c o n s i d e r a b l y  l e s s e r  d e g r e e  t han  in  t he  c a s e  of  p a i n t ,  

p a p e r ,  o r g u n s h o t  r e s i d u e s .  R e c o m m e n d a t i o n s  Zo i n c r e a s e  the  u s e f u l n e s s  

o f  b u l l e t  l e a d  c o m p a r i s o n s  by  NAA a r e  g i v e n .  

The  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  a l t e r n a t i v e  i n t e r p r e t a t i o n s  of  

t h e  N A A  d e t e r m i n a t i o n  of  g u n s h o t  r e s i d u e  e l e m e n t s  in  a g i v e n  c a s e  a r e  

d e f i n e d  f o r  e a c h  c o m b i n a t i o n  of  a n u m b e r  of  s p e c i f i e d  o c c u p a t i o n a l  c a t e -  

g o r i e s  and  w e a p o n  c a l i b e r s .  

The  d i s c u s s i o n  of  e a c h  of  the  f o r e g o i n g  s u b j e c t s  i n c l u d e s  a d e s c r i p -  

t i on  o f  r e l a t e d  w o r k  d u r i n g  p r e v i o u s  r e p o r t  p e r i o d s .  

iii 



T h e  a c h i e v e m e n t  of t he  p r o g r a m  is  s h o w n  to  be  s i g n i f i c a n t .  T h e  

c r i m i n a l i s t  m a y  now e s t i m a t e  t h e  p r o b a b i l i t i e s  t h a t  e a c h  of  a l t e r n a t i v e  

i n t e r p r e t a t i o n s  of  NAA r e s u l t s  in  a g i v e n  c a s e  i n v o l v i n g  o n e  o f  t h e  f o r e -  

g o i n g  f o u r  m a t e r i a l s  a r e  t r u e  o r  f a l s e ,  and  i n  m o s t  i n s t a n c e s  s u c h  p r o b -  

a b i l i t i e s  w i l l  h i g h l y  f a v o r  one  i n t e r p r e t a t i o n .  T h e r e  i s  no  d o u b t  t h a t ,  w i t h  

f u r t h e r  w o r k ,  a d d i t i o n a l  m a t e r i a l s  c a n  be  a d d e d  to  the  l i s t  of  w e l l - c h a r a c -  

t e r i z e d  e v i d e n c e  m a t e r i a l s .  
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i. I N T R O D U C T I O N  

The  e f f o r t s  c a r r i e d  ou t  d u r i n g  t h i s  y e a r  c u l m i n a t e d  a s u b s t a n t i a l  

e i g h t - y e a r  p r o g r a m  to i n v e s t i g a t e  t h o s e  a r e a s  in  w h i c h  the  a n a l y t i c a l  

t e c h n i q u e ,  n e u t r o n  a c t i v a t i o n  a n a l y s i s  (NAA),  m i g h t  b e  u s e f u l  in s c i e n -  

t i f i c  c r i m e  i n v e s t i g a t i o n .  In p a s t  y e a r s  the  i n v e s t i g a t i o n s  w e r e  c h a r a c -  

t e r i z e d  b y  a w i d e  b r e a d t h  of  a p p r o a c h  in  t ha t  a g r e a t  m u l t i p l i c i t y  o f  

e v i d e n c e  t y p e  m a t e r i a l s  w e r e  e x a m i n e d  w i t h  c o m p a r a t i v e  b r e v i t y .  M o r e  

r e c e n t l y ,  a l i m i t e d  n u m b e r  of  e v i d e n c e  m a t e r i a l s  w e r e  s e l e c t e d  f o r  a 

m o r e  d e t a i l e d  s t u d y .  

The  r a t i o n a l e  of  the  s e l e c t i o n  of  m a t e r i a l s  and t h e  e x p e r i m e n t a l  

p r o t o c o l  o f  the  m o r e  d e t a i l e d  s t u d i e s  w a s  f o u n d e d  on: ( i )  the  m a t e r i a l s '  

c o m p a r a t i v e  i m p o r t a n c e ,  b y  r e a s o n  o f  f r e q u e n c y  of  o c c u r r e n c e  in c r i m e  

i n v e s t i g a t i o n s  and  (2) the  n e e d  to d e v e l o p  s o u n d  s t a t i s t i c s  to b a c k  up 

c o n c l u s i o n s  t h a t  m i g h t  be  d r a w n  f r o m  t h e i r  e x a m i n a t i o n  b y  NAA.  

The  NAA m e t h o d ,  is  c h a r a c t e r i z e d  b y  v e r s a t i l i t y ,  p r o c e d u r a l  s i m -  

p l i c i t y ,  c o m p a r a t i v e  f r e e d o m  f r o m  e r r o r s  due  to m a t r i x  e f f e c t s ,  g r e a t  

d y n a m i c  r a n g e ,  and  the  c a p a b i l i t y  of  n o n d e s t r u c t i v e l y  and  s i m u l t a n e o u s l y  

a n a l y z i n g  a s a m p l e  f o r  a l a r g e  n u m b e r  o f  e l e m e n t s .  B e c a u s e  i t  i s  a 

n u c l e a r  tecl~n~6t_ue ~ a t  d e p e n d s  o n  p e n e t r a t i n g  r a d i a t i o n s ,  NAA is  c o m -  

p l e t e l y  i n d i f f e r e n t  to c h e m i c a l  f o r m ,  and i t  e n a b l e s  the  d e t e r m i n a t i o n  o f  

a b o u t  75 e l e m e n t s  With e q u a l  f a c i l i t y  in a l l  c h e m i c a l  s t a t e s  and f o r m u l a -  

t i o n s .  

T h e  p r i n c i p l e s  and m e t h o d o l o g y  of  N A A  a r e  e x p l a i n e d  in  A p p e n d i x  

i. The program has shown NAA to be of significant potential use in the 

examination of a vast array of evidence materials, and the more recent 

work has successfully demonstrated that a high degree of confidence can 

be achieved with respect to the interpretation of NAA results. 



The  m a t e r i a l s  a d d r e s s e d  in the  p r o g r a m  i n c l u d e  the  f o l l o w i n g :  

g u n s h o t  r e s i d u e s ,  a u t o m o b i l e  g r e a s e s ,  c o m m e r c i a l  p l a s t i c s ,  r u b b e r ,  

p a i n t ,  g l a s s ,  s o i l s ,  p a p e r ,  ink ,  h a i r ,  f i n g e r n a i l s ,  w o o d ,  t o b a c c o ,  d r u g s ,  

r i v e r  w a t e r ,  o i l ,  w h i s k e y ,  s k i n ,  m a r i j u a n a ,  b u l l e t s ,  and  p r i m e r s .  The  

p r o g r a m  a l s o  i n c l u d e d  c o n s i d e r a t i o n s  o f  the  p o s s i b i l i t i e s  o f  u s i n g  n o n r a d i o -  

a c t i v e  t a g s  to f a c i l i t a t e  the  i d e n t i f i c a t i o n  of  t h e s e  m a t e r i a l s .  M a t e r i a l s  

c h o s e n  f o r  m o r e  d e t a i l e d  s t u d y  w e r e  g u n s h o t  r e s i d u e s ,  p a i n t ,  b u l l e t  l e a d ,  

and  p a p e r .  

The  c h i e f  t a s k s  in  t he  m o r e  d e t a i l e d  s t u d y  w e r e  the  e x p e r i m e n t a l  

e x a m i n a t i o n ,  v i a  N A A ,  o f  a d e q u a t e  and  r e p r e s e n t a t i v e  s a m p l i n g s  of  the  

p o p u l a t i o n  o f  e a c h  m a t e r i a l  and  the  s t a t i s t i c a l  a n a l y s i s  of  the  e x p e r i m e n -  

t a l  d a t a .  The  w o r k  w a s  d e s i g n e d  to p r o v e  a b a s i s  f o r  p r o p e r  i n t e r p r e -  

t a t i o n  o f  e v i d e n c e  a n a l y s i s  d a t a  w i t h i n  the f r a m e w o r k  of  f o r e n s i c  r e q u i r e -  

m e n t s .  

F o r  e x a m p l e ,  s u p p o s e  two p a i n t  s a m p l e s  of  t he  s a m e  c o l o r ,  one 

f o u n d  a t  t he  s c e n e  o f  a c r i m e  and  one found  in the  p o s s e s s i o n  of  a s u s p e c t ,  

a r e  f o u n d  to h a v e  the  i d e n t i c a l  c o n c e n t r a t i o n s  (w i th in  e x p e r i m e n t a l  e r r o r s )  

o f  t he  s a m e  e l e m e n t s .  W h a t  is  the  p r o b a b i l i t y  t h a t  t he  two  s a m p l e s  h a v e  

a c o m m o n  s o u r c e ?  As a c o r o l l a r y ,  w h a t  is  the p r o b a b i l i t y  t h a t  the  s a m -  

p l e s  c o m e  f r o m  d i f f e r e n t  s o u r c e s  and 0n ly  a c c i d e n t a l l y  m a t c h  one  a n -  

o t h e r ?  The  a n s w e r s  to t h e s e  q u e s t i o n s  d e p e n d  on the  e l e m e n t s  and  t h e i r  

c o n c e n t r a t i o n  d i s t r i b u t i o n  f u n c t i o n s  w i t h i n  the a p p r o p r i a t e  p o p u l a t i o n  of  

p a i n t s .  

P a i n t  is  o n l y  one  o f  a n u m b e r  of  m a t e r i a l s  t h a t  h a v e  a f a i r l y  l a r g e  

n u m b e r  o f  e l e m e n t s ,  m a n y  of  w h i c h  a r e  a t  the p p m  ( p a r t s  p e r  m i l l i o n )  

l e v e l  o r  l e s s ,  m e a s u r a b l e  by  N A A .  In m o s t  i n s t a n c e s  t h e  e l e m e n t s  a r e  

found  to h a v e  c o n c e n t r a t i o n s  d i s t r i b u t e d  a c r o s s  r a n g e s  o f  two to t h r e e  

o r d e r s  of  m a g n i t u d e  w i t h i n  the  r e l e v a n t  p o p u l a t i o n  of  m a t e r i a l .  T h u s  the  

q u a n t i t a t i v e  v a l u e  o f  e a c h  o b s e r v e d  e l e m e n t  is  a v a l u a b l e  d a t a  p o i n t  f o r  

s a m p l e  c o m p a r i s o n  p u r p o s e s .  In f o r e n s i c  c o n t e x t  t he  d a t a  p o i n t s  a r e  of  

i n t e r e s t  f o r  i d e n t i f i c a t i o n  p u r p o s e s  and  a r e  t e r m e d  ' , ' i d e n t i f i c a t i o n  p o i n t s "  
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s i n c e  the  r e l e v a n t  q u e s t i o n  is u s u a l l y  w h e t h e r  o r  no t  a s a m p l e  a s s o c i a t e d  

w i t h  a s u s p e c t  c a n  be i d e n t i f i e d  b e y o n d  a r e a s o n a b l e  d o u b t  as  o r i g i n a t i n g  

a t  t he  s c e n e  of  a c r i m e .  

The  g u n s h o t  r e s i d u e  s t u d y  h a s  b e e n  s o m e w h a t  un ique ,  s i n c e  it w a s  

d e m o n s t r a t e d  e a r l y  in the  p r o g r a m  t h a t  the  e f f i c a c y  of  N A A  f o r  d e t e r -  

m i n i n g  the  p r e s e n c e  of  s u c h  m a t e r i a l  on a s u s p e c t ' s  hand{s} d e p e n d s  on 

the  d e t e r m i n a t i o n  of  j u s t  two e l e m e n t s ,  n a m e l y ,  • b a r i u m  and  a n t i m o n y .  

T h e s e  e l e m e n t s  a r e  c o n s t i t u e n t s  of  a l l  p r i m e r s  m a d e  in t he  U . S . A . ,  w i t h  

the  e x c e p t i o n  of  one k ind  f r o m  one m a n u f a c t u r e r ;  and  w h e n  a p e r s o n  d i s -  

c h a r g e s  a f i r e a r m ,  a f r a c t i o n  of t h e s e  c o n s t i t u e n t s  is  d e p o s i t e d  on h i s  

gun  h a n d .  The  r e s i d u e s  a r e  r e m o v e d  by a p p l i c a t i o n  and  r e m o v a l  of  p a r a f -  

f in ,  and  c a n  be r e a d i l y  d e t e r m i n e d  by N A A .  :['he p a r a f f i n  s a m p l e s  a r e  

t e r m e d  " h a n d l i f t s  , t  

The main question in the interpretation, of handlift analysis is 

whether the levels of barium and antimony found could have been present 

on the hand of a person who did not fire a gun. To enable this question to 

be answered, large numbers ofhandlifts have been obtained and analyzed 

from: (i) persons of various occupations, who had not fired a gun and 

(2) persons who had fired a variety of weapons. The analytical data had 

provided the basis for assigning probabilities that a person had or had not 

fired a gun from the analysis of his handlifts (right and left hands). 

It is of interest that the value 0fthe progr_a m has ext_ended beyond 

the original area of concern. Indeed, not only has NAA been applied in 

connection with crimes, it has been used in civil litigatio n . Also, early 

results of this program showed that NAA had valuable potential for iden- 

tification of oil pollution sources, and the AEC {DID~ is currently support- 

ing the development of this program. 

The bulk of the work and results of this program have already 

(I-5) 
b e e n  r e p o r t e d .  In a d d i t i o n  to a s e r i e s  of a n n u a l  r e p o r t s ,  a c o m p r e -  

h e n s i v e  r e p o r t  c o v e r i n g  a l l  a s p e c t s  of the f i r s t  s i x  y e a r s  o f  w o r k  h a s  

b e e n  p r e p a r e d ,  (6} and  s p e c i a l  t o p i c a l  r e p d r t s  d e s c r i b i n g  a l l  o f  the  w o r k  
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p e r f o r m e d  on p a p e r ,  (7) p a i n t ,  (8) g u n s h o t  r e s i d u e s ,  (9) a n d  b u l l e t  l e a d  (10) 

h a v e  b e e n  p r e p a r e d .  T h e  a f o r e m e n t i o n e d  r e p o r t s  m a y  be p r o c u r e d  f r o m  

t h e  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e ,  U. S. D e p a r t m e n t  of  C o m -  

m e r c e ,  S p r i n g f i e l d ,  V i r g i n i a ,  22151,  s h o u l d  d e t a i l e d  i n f o r m a t i o n  on p r o -  

c e d u r e s  a n d  r e s u l t s  be  d e s i r e d .  

I n a s m u c h  a s  t h i s  i s  the  f i n a l  r e p o r t  of  the  p r o g r a m ,  the  m o r e  

s i g n i f i c a n t  r e s u l t s  of t he  e a r l i e r  w o r k  on p a i n t ,  p a p e r ,  g u n s h o t  r e s i d u e s ,  

a n d  b u l l e t  l e a d  w i l l  be r e i t e r a t e d  h e r e ,  a l t h o u g h  s p a c e  w i l l  not  p e r m i t  f u l l  

p r e s e n t a t i o n  of  t he  e x p e r i m e n t a l  da t a  o r  t h o r o u g h  c o v e r a g e  of d e t a i l s .  In 

a d d i t i o n ,  of  c o u r s e ,  t h i s  r e p o r t  d e s c r i b c s  the  w o r k  a n d  r e s u l t s  a c h i e v e d  

d u r i n g  the  l a s t  y e a r  of e f f o r t .  

In r e c e n t  y e a r s  t he  t e r m ,  " f i n g e r p r i n t " ,  h a s  c o m e  i n t o  c o m m o n  

u s e  a s  a s y n o n y m  f o r  q u a l i t a t i v e / q u a n t i t a t i v e  t r a c e  e l e m e n t  p a t t e r n ,  a l -  

t h o u g h  the  u n i q u e n e s s  o f  s u c h  a p a t t e r n  m a y  not  h a v e  e s t a b l i s h e d  a s  w e l l  

a s  t r u e  f i n g e r p r i n t s .  H e n c e ,  a l t h o u g h  we  u s e  the  t e r m  h e r e ,  we  r e t a i n  

the  q u o t a t i o n  m a r k s  a s  a r e m i n d e r  t h a t  it  i s  a t e r m  of  c o n v e n i e n c e .  
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2. THE EX AMINATIO N O F  P A I N T  E V I D E N C E  S A M P L E S  

2. 1 I N T R O D U C T I O N  

P a i n t  i s  o n e  of the m a t e r i a l s  s t u d i e d  in two d i s t i n c t  p h a s e s :  { 1 ) a n  

e a r l i e r  i n v e s t i g a t o r y  s tudy ,  and  (2) a p o p u l a t i o n  s t udy  to o b t a i n  t r a c e  

e l e m e n t  c o n e c e n t r a t i o n  d i s t r i b u t i o n  f u n c t i o n s .  The s e c o n d  p h a s e  f o l l o w e d  

n a t u r a l l y  f r o m  the  v e r y  e n c o u r a g i n g  r e s u l t s  d e r i v e d  f r o m  the  i n i t i a l  w o r k ,  

a n d  w a s  C o m p l e t e d  d u r i n g t h e  p r e s e n t  r e p o r t  p e r i o d .  

T h e  i m p o r t a n c e  of pa in t  as  an  e v i d e n c e  m a t e r i a l  w a s  b r o u g h t  to  o u r  

a t t e n t i o n  in e a r l y  d i s c u s s i o n s  wi th  e x p e r t  c r i m i n e d i s t s ,  s u c h  a s  R. P i n k e r  

{ then of  tlae L o s  A n g e l e s  p o l i c e  d e p a r t m e n t )  and  the l a te  P .  K i r k  ( f o u n d e r  

o f  t:he S c h o o l  of G r i m i n a l i s t i c s  at  the  U n i v e r s i t y  of  C a l i f o r n i a ) .  F r o m  t h e  

f i r s t  i n v e s t i g a t i o n s  it  a p p e a r e d  tha t  NAA w o u l d  be u s e f u l  in n o n d e s t r u c t i v e  

p a i n t  C h a r a c t e r i z a t i o n ;  (1) i ndeed ,  the  f i r s t  a c t u a l  c a s e  a p p l i c a t i o n  o f N A A  

i n v o L v e d  the  c o m p a r i s o n  of pa in t  e v i d e n c e  s a m p l e s  o b t a i n e d  in the  i n v e s t i -  

g a t i o n  of  a b u r g l e r y .  (1 1 ) 

2.2 EXPERIIvIENTAL PROCEDURE 

In all experiments the nondestructive, purely-instrumental NAA 

technique was~used. Samples were weighed and sealed in polyethylene 

vials, irradiated in the TRIGA Mark I nuclear reactor at a thermal neu- 

tron flux of-~ 2 x 10 !12 n/cm 2- sec together with appropriate comparator 

standards, and finally measured by multichannel •gamma-ray spectrometry. 

In nearly every experxmen t the sample material was subject to two 

irradiation-count cycles, one a short prompt cycle of.~ l rain each per 

step and the other involving longer (30-60 minute) irradiations and count- 

ing at longer decay times!or longer periods. 

• 



In the earlier work, embracing 80 paint samples, the gamma-ray 

spectrometer was equipped with a 3-inch by 3-inch NaI(TI) detector, 

while a 35 cc Ge(Li) detector coupled to a 4096 channel spectrometer was 

used in the final study involving 155 paint samples. The productivity of 

the latter tool was significantly greater than the former. The 80 control 

samples of the earlier work were characterized by an average of 7. 7 

elements per sample, while the final 155 samples were characterized by 

an average of 14.6 elements per sample. 

Attention was first directed toward samples taken directly from 

cans of paint, in order to ascertain (I) the intra-can sample reproduci- 

bility, (Z)'the intra-batch variability between one can of paint and another, 

and (3) the variability between different batches of a given kind of paint 

from a given manufacturer, and (4) the differences between different kinds 

of paint (different by reason of color and/or manufacturer). The latter 

paint was also examined by the analysis of 3Z samples prepared by paint- 

ing samples onto glass plates; allowing them to dry thoroughly, and then 

analyzing weighed portions by NAA. 

On the basis of the early work, and in consultation with C. R. 

Kingston (Professor at the John Jay College of Cri,ninal Justice and con- 

sultant to the Law Enforcement Assistance Administration), it was decided 

that the population of environmental paints should be examined. To this 

end I0 persons of different, active occupations were asked to record the 

paints they encountered during a normal Z4-hour period. The records 

were used to construct a sampling model of the numbers of paints in five 

color classes to be taken from various objects. 
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The  o b j e c t s  and  f r e q u e n c i e s  w i t h  w h i c h  t h e y  w e r e  e n c o u n t e r e d  w e r e  

a s  f o l l o w s :  

Object 

Motor Driven Vehicles - Exteriors 

Building Exterior s 

Walls - Interior, including doors and windows 

Furniture, Home and Commercial 

Ships and Boats 

Appliances and Tools 

Vehicles - not motor driven 

Fences and Gates 

Outdoor Objects - Utility Poles, Railings, etc. 

Containers- Trash Cans, Drums, etc. 

F r e q u e n c y  (%) 

12 .7  

12 .2  

19.1 

28. 1 

0 . 9  

15 .2  

1 .9  

1 .8  

5 . 7  

1 .4  

The color classes and frequencies of encounter were as follows: 

Color Class Color Frequency (%) 

1 Black or Gray 14. 9 

2 White or Off-White, including silver 25.6 

3 Blue, Violet, or Green 22.2 

4 Yellow, Orange, or Red 21. l 

5 Brown or Tan 16. I 

The observed frequencies of specific combinations of colors and 

objects were reasonably well adhered to in acquiring 155 paint samples. 

In numerous instances paint samples were acquired in replicate from 

adjacent portions of a given surface. Some "replicates" were acquired of 

ostensibly the same paint, but from different panels of a given object: 

e.g., the hood and fender of a mono-colored car, the door and side of a 

refrigerator, and so forth. Each sample was water washed, dried, 

weighed, and subjected to NAA. 



2 . 3  R E S U L T S ,  E A R L I E R  WORK 

B a s e d  on v a r i a n c e s  o f  f o u r  e l e m e n t s  d e t e r m i n e d  in f o u r  s a m p l e s  of 

r e d  a u t o m o b i l e  p a i n t  f r o m  a g i v e n  can  ( r e l a t i v e  s t a n d a r d  d e v i a t i o n s  w e r e  

Na - 1 .58%,  Mn - 4. Z5%, A1 - 4. 16%, Br  - 4 .64%)  i t  a p p e a r e d  t h a t  in  90"/o 

of the  c a s e s  the  r e s u l t s  w o u l d  no t  d e v i a t e  m o r e  t h a n  8%, r e l a t i v e ,  f r o m  the  

a v e r a g e  v a l u e s .  I n f o r m a t i o n  d e r i v e d  f r o m  r e p l i c a t e  a n a l y s e s  of e i g h t  

d i f f e r e n t  b a t c h e s  of  S i n c l a i r  P a i n t  No. 1929 w a s  m o r e  r e v e a l i n g .  The  

i n t r a - b a t c h  c o n s i s t e n c i e s  w e r e  s u c h  t h a t  the 90°7o c o n f i d e n c e  l e v e l s  w e r e  

a s s  o c i a t e d  w i t h  the  f o l l o w i n g  d e v i a t i o n s  : 

R e l a t i v e  R e l a t i v e  R e l a t i v e  
E l e m e n t  D e v i a t i o n  ( % ) .  E l e m e n t  D e v i a t i o n  (%) E l e m e n t  D e v i a t i o n  (%) 

Ti 7 Na 7 In 26 

A1 5 C o i 3 La 2 l 

Mn 4 Zn l 0 Sb 18 

The i n t e r - b a t c h  c o n s i s t e n c i e s  w e r e  s u c h  t h a t  the  90% c o n f i d e n c e  

l e v e l s  w e r e  a s s o c i a t e d  w i t h  the f o l l o w i n g  d e v i a t i o n s :  

R e l a t i v e  R e l a t i v e  R e l a t i v e  
E l e m e n t  D e v i a t i o n  (%) E l e m e n t  D e v i a t i o n  (%) E l e m e n t  D e v i a t i o n  (%) 

Ti 3 Na 37 In 77 

A1 23 Co 45 Lz 32 

Mn 5 Zn 5 Sb 2.8 

The a b o v e  r e s u l t s  i n d i c a t e  t h a t  AI,  Na, Co,  In, L a ,  a n d  Sb m a y  be 

u s e d  to  d i s t i n g u i s h  b e t w e e n  d i f f e r e n t  b a t c h e s  of a g i v e n  p a i n t ,  but  t h a t  

Ti,  M n ,  and  Zn  m a y  not  be u s e f u l  to th i s  end.  

The f o r e g o i n g  r e s u l t s  p r o v e d  to be v e r y  h e l p f u l  in  a s s i g n i n g  c o n c e n -  

t r a t i o n  r a n g e  c o d e s  f o r  r e a d y  c o m p a r i s o n  of  m u l t i p l i c i t y  of  a n a l y t i c a l  

d a t a .  F o r  e x a m p l e ,  in the  a n a l y s i s  of 32. d i f f e r e n t  p a i n t s ,  the  f ive  m o s t  



f r e q u e n t l y  o b s e r v e d  e l e m e n t s  w e r e  a s s i g n e d  the  fo l lowing c o n c e n t r a t i o n  

code  s : 

Ti  { thousands  A1 { thousands  
Code  of  p_pm) Mn (ppm) of p p m )  Na (ppm) Co (ppm) 

A <I 1-2. i 0. 7-1 <31 i00-150 

B i-40 2, 1-4.6 I-I.  5 3 1 - 4 7  150-230 

C 40-8,0 4 . 6 - 1 0  I. 5 - 2 . 3  4 7 - 7 0  230 -310  

D 8.0-t2.0 10-21 2 . 3 - 4 .  7 70-100  3 1 0 - 4 7 0  

E 120-160  21-46 4. 7 - 7 . 0  100-150  4 7 0 - 7 0 0  

F 160-200 46-i00 7.0-i0 150-230 700-1000 

G 2 0 0 - 2 4 0  100-210 >I0 230-310 1000-i500 

H >2401 210-400 310'-470 > 1500 

I >400 >470 

The a b o v e  c o d e s  do not  d e s c r i b e  r a n g e s  tha t  a r e  c o n s t a n t  m u l t i p l e  

of the i n t r a - b a t c h  v a r i a b i l i t y  for  e a c h  e l e m e n t  b e c a u s e  the v a r i o u s  e l e -  

m e n t s  have  d i f f e r e n t  o v e r a l l  c o n c e n t r a t i o n  r a n g e s .  A l s o ,  t i t a n i u m  

a p p e a r e d  t o  be  a s p e c i a l  c a s e  b e c a u s e  of i t s  a p p a r e n t  p o s i t i o n  as  t h e  

m o s t  c o m m o n a d d i t i v e  {as TiC) 2) to m o d e r n  pa in t s .  

The f ive  m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s  a r e  g iven  in a c c o r d a n c e  

w i t h  the f o r e g o i n g  code  in Tab le  1. It m a y  be o b s e r v e d  tha t  only  S a m p l e s  

no. Z9 a n d  30 have  the s a m e  code p a t t e r n .  H o w e v e r ,  t h e s e  two p a i n t s  

w e r e  e a s i l y  d i s t i n g u i s h e d  by  g r o s s  d i f f e r e n c e s  in zinc (1420 ppm vs.  2040 

ppm) ;  a l s o ,  t h e s e  two s a m p l e s  w e r e  of d i f f e r e n t  c o l o r  (Sea M i s t  and 

Sunny YellOw). Thus ,  a l l  of  t he se  d i f f e r e n t  p a i n t s  w e r e  f r e e  of a c c i d e n t a l  

m i s m a t c h .  

It w a s  of p a r t i c u l a r  i n t e r e s t  tha t  the P e a r s o n  P r o d u c t - M o m e n t  

C o r r e l a t i o n  c o e f f i c i e n t s  fo r  the v a r i o u s  pa th s  of  the  m o s t  f r e q u e n t l y  

o b s e r v e d  e l e m e n t s  w e r e  c o n s i s t e n t  w i th  the h y p o t h e s i s  tha t  no c o r r e l a -  

t i ons  e x i s t e d .  The  t e s t  for  c o r r e l a t i o n  a s s u m e s  a G a u s s i a n - t y p e  c o n -  

c e n t r a t i o n  f r e q u e n c y  d i s t r i b u t i o n  for  the  e l e m e n t s ,  and  th is  poin t  cou ld  

not be a d e q u a t e l y  t e s t e d  wi th  the l i m i t e d  s a m p l e  s i ze .  N e v e r t h e l e s s ,  a t  



the  t i m e  i t  a p p e a r e d  t h a t  s u c h  a d i s t r i b u t i o n  would  be p r o v e n  wi th  m o r e  

d a t a ;  and  the  l a c k  of  c o r r e l a t i o n s  was  an  a d d i t i o n a l  e n c o u r a g i n g  a s p e c t  of  

the  r e s u l t s ,  s i n c e  i t  i n d i c a t e d  t h a t  c o m p a r a t i v e l y  s i m p l e  s t a t i s t i c a l  p r o -  

c e d u r e s  wou ld  s e r v e  f o r  d a t a  i n t e r p r e t a t i o n .  

It s h o u l d  be r ioted t h a t  no o b v i o u s l y  c o r r e l a t a b l e  e l e m e n t  p a i r s  

o c c u r r e d  in  the  p r e d o m i n a n t  a n a l y t i c a l  r e s u l t s .  T h u s  o x y g e n ,  c o n s t i t u e n t  

of  m a n y  p i g m e n t  c o m p o u n d s ,  is  not  a d d r e s s e d .  

Table 1 

LETTER CODES FOR 32 DIFFERENT PAINTS 

Element Element 

S a m p l e  No. Ti  M n  A1 Na Co S a m p l e  No. Ti Mn A1 Na Co 

13 A E G H D 21 D E D H G 

6 A G A F E 29 D G B E A 

10 B C E C D 30 D G B E A 

14 B E B C E 27 D G C E A 

32 B F A E F 19 E B D C B 

4 B F B E F Z E B D E E 

I[ C D C B F 22 E B D G E 

9 C D C F E 12 E B E D C 

26 C D D I D 23 E D D F G 

28 C G A E A Z5 E H D F F 

24 D A D F G 5 F B D F D 

18 D B D A B 7 G A E F D 

31 D B D C D 16 G B E C D 

17 D B D H B [ G B E E D 

20 D B D I B 3 G B E F E 

15 D D D C C 8 G C E E D 

10 



2. 4 RESULTS, CURRENT REPORT PERIOD 

The  r e s u l t s  of  the  NAA e x a m i n a t i o n  of the  155 e n v i r o n m e n t a l  p a i n t s  

( g i v e n  in the  A p p e n d i x )  w e r e  c o d i f i e d  in the  s a m e  f a s h i o n  as  p r e v i o u s l y  

d e s c r i b e d ,  e x c e p t  t h a t  a u n i f o r m  code  f o r  a l l  e l e m e n t s  ( e x c e p t  t i t a n i u m )  

w a s  u s e d .  The  code  is d e s c r i b e d  in T a b l e  2. 

Table 2 

CONCENTRATION CODE FOR COMPARISON OF 155 PAINT SAMPLES. 

Code  

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

T 

C O N C E N T R A T I O N S  IN P P M  

C o n c e n t r a t i o n  R a n g e  

4 

10, 

21, 

46, 

100, 

210, 

Al l  E l e m e n t s  
E x c e p t  Ti  

<0. 21 

0. 21-0.  46 

0 . 4 6 - 1 .  0 

1 . 0 - 2 . 1  

2 . 1 - 4 . 6  

4 . 6 - 1 0  

10-21 

21-46 

4 6 - 1 0 0  

100-210  

210-460  

46O- 1, 000 

1, 000- 2, 1 O0 

2, 100-4,  60O 

600-10 ,  000 

000-21 ,  000 

0 0 0 - 4 6 , 0 0 0  

000- i00, 000 

000-210 ,  000 

000-460 ,  000 

Ti  

4, 000-24 ,  000 

24, 000-44 ,  000 

44, 0 0 0 - 6 4 , 0 0 0  

64, 000-84 ,  000 

84, 000-104 ,  000 

104, 000-124 ,  000 

124, 000-144  000 

144, 000-  164 000 

164, 000-  184 000 

184, 000-204 ,  000 

204, _0_00-224 000 

224, 000-244 ,  000 

244, 000-264 ,  000 

264, 000 -284  000 

284, 000-304 ,  000 

304,  000-324  000 

324, 000 -344  000 

344, 000-364 ,  000 

364, 000 -384 ,  000 

384, 000 -404 ,  000 
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T h e  c o d e d  r e s u l t s  a r e  g i v e n  in T a b l e  3. A c t u a l l y  155 s a m p l e s  a r e  

i n c l u d e d  in T a b l e  3; two s a m p l e s  t a k e n  f r o m  the  s a m e  c a r ,  one  f r o m  a 

f e n d e r  and  one  f r o m  the  hood  ( s a m p l e s  24 and  23, r e s p e c t i v e l y )  w e r e  in -  

c l u d e d  a s  a t e s t  o f  t he  m e t h o d .  It  w i l l  be n o t e d  t h a t  t h e s e  a r e  t he  o n l y  two 

s a m p l e s  t h a t  m a t c h  in  a l l  r e s p e c t s ,  and ,  j u s t  as  i m p o r t a n t ,  t h e y  do  m a t c h  

( w i t h i n  the  p r e c i s i o n  o f  t he  c o d e )  in  a l l  r e s p e c t s .  

2. 5 DISC USSION 

T h e  m e t h o d  of  d a t a  p r e s e n t a t i o n  e x e m p l i f i e d  in T a b l e s  1 a n d  3 is  

c o n v e n i e n t  f r o m  the  s t a n d p o i n t  o f  d a t a  i n t e r p r e t a t i o n  as  w e l l  a s  d i r e c t  s i m -  

p l e  c o m p a r i s o n .  One  o f  the  f i r s t  t a s k s  o f  i n t e r p r e t a t i o n  w a s  to a s c e r t a i n  

w h e t h e r  o r  no t  t he  e l e m e n t a l  C o n c e n t r a t i o n s  had  a G a u s s i a n  d i s t r i b u t i o n .  

It w a s  a p p a r e n t  t h a t  t h e y  w e r e  n o t  n o r m a l l y  d i s t r i b u t e d ~  but  i t  w a s  e x -  

p e c t e d  t h a t  t h e y  w o u l d  be l o g - n o r m a l l y  d i s t r i b u t e d .  A c c o r d i n g l y ,  the  d i s -  

t r i b u t i o n s  w e r e  a n a l y z e d  by the  c h i - s q u a r e  t e s t  f o r  t h i s  p r o p e r t y ,  and  the  

r e s u l t s  a r e  g i v e n  in T a b l e  4 f o r  the  15 m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s .  

T h e  h y p o t h e s i s  t h a t  t he  l o g a r i t h m s  of  the  c o n c e n t r a t i o n  v a l u e s  o f  the  e l e -  

m e n t s  w e r e  n o r m a l l y  d i s t r i b u t e d  w a s  r e j e c t e d  by the  t e s t  f o r  e v e r y  e l e m e n t  

e x c e p t  t a n t a l u m .  

T h e  p o s s i b i l i t y  of  t r a n s f o r m i n g  the  c o n c e n t r a t i o n  v a l u e s  i n to  T - s c o r e s  

to  e f f e c t  a n o r m a l i z a t i o n  w a s  r e j e c t e d  f o r  l a c k  of  j u s t i f i c a t i o n .  S e v e r a l  

a t t e m p t s  to  f ind  a s u i t a b l e  a l t e r n a t i v e  s t a n d a r d  f r e q u e n c y  d i s t r i b u t i o n  f u n c -  

t i o n  w e r e  n o n p r o d u c t i v e .  C o n s t r a i n t s  of  t i m e  and f i n d i n g  p r e c l u d e d  an  

e x h a u s t i v e  s e a r c h  f o r  a s u i t a b l e  d i s t r i b u t i o n  f u n c t i o n ,  h o w e v e r ;  so  i t  w a s  

d e c i d e d  to  u s e  the  o b s e r v e d  d i s t r i b u t i o n s  as  the  b a s i s  f o r  s t a t i s t i c a l  s t a t e -  

m e n t s .  T h i s  p r o c e d u r e  w a s  p a r t i a l l y  s u p p o r t e d  by the  l a c k  of  a p p a r e n t  

e l e m e n t  c o r r e l a t i o n s  a m o n g  the  e l e m e n t s  in e a r l i e r  w o r k  and  t h e  l a c k  of  

f r e q u e n t  a n d  s y s t e m a t i c  a p p a r e n t  e l e m e n t  c o r r e l a t i o n s  in the  155 s a m p l e  

d a t a  se t .  P r a g m a t i c  t e s t s  s u p p l i e d  f u r t h e r  s u p p o r t  to  the  p r o c e d u r e .  
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Table 3 

CODED RESULTS, ENVIRONMENTAL PAINTS 

C l a s s  I P a i n t s  (17  S a m p l e s )  

E l e m e n t  

S a m p l e  M n  A~I N__~a B__.~r C~l 

4 t  B E K G M 
1 9 2  E I I I K 
t 3 t  E J H G K 
i 4 3  G L H G L 
158  G N L 
t 5 7  H L L H L 
147 H N L I 

148 H Q L K L 

84 I I K I S 
65 I N N I N 

t 64 I 0 K G K 
63 I P N F K 

160 J O M F L 

38 K L L G L 

t 5 9  K O M G N 
127 L Q N ;I Q 

161 L R L 'H M 

Z n  T i  Sb B a  K C o  

P D H H 

K A E H 

O K 

M B E J 

F O 

O I I 

K D 

R C I R 

M H H M 
K J 
M G J K 

P D J N 

N P F M 
h A F 
M I 

L 

K 

M 

N 

J 
M 

K 

M 
M 

I 
J 

N 

M 

M 
L 

M 

C r  

J 

J 
P 

N 

M 
K 

J 
S 

O 

L 

P 

L 

.P 

Za 

I 

F 

H 

I 

I 

H 

I 

Ca 

R 

Q 

T 

S 

Q 

W 
m 

F 

F 

F 

E 

F 

J 



T a b l e  3 { C o n t i n u e d )  

- C l a s s  II  P a i n t s  (63 S a m p l e s )  

. E l e m e n t  

Sam_pie Mn A I  

9 8  C N 
93 D O 
35 E L 

95 E N 

97 E O 
89 E O 

182 E 0 

73 F M 

92 F N 
91 F N 
96 F N 

87 F N 

94 F O 

74 F O 

79 F O 
i 8 3  G L 

99 G N 

t 5 5  G N 
I88  G O 

t 8 7  G 0 

190 G P 

129 H N 

100 H N 

179 H N 

4O H O 

167 H O 

166 H O 

173 H O 

105 H O 

54 H P 

N a  B r  C1 Zn  T i  Sb B a  K Co 

J H I Q G J 

L H L I Q F 

L M R A Q S 

I I M I R F 
K I L I Q G F J 
K J M J K D G 
L H 3 K O H J I 

K H L L H E K J 
J H I I R F H O 

J H L .  J R G H 
J H L K O F 

K H L I L G J 
I H L I P F 

K H -K J J D I 

L E 5 M 
K F M R F E S J 
L J L K P E K H 
M H M P H I i M I 

K R K R 
L G L M M L L J 

K I L K P K 
I H L P I I L J J 

L O L M O H G K H 

L H M N I I M: I 

J F L L M E J K 
K G P L J H H I J 
K G P M J G H L I 

M G L Q M M M J 

M H M N M H M K J 

M H " L K L I I N H 

C r  T a  C a  W 

H F 

Q 

E 
H F 
E 

J F E 

F 

F 
F E 

H F 

G R F 
H G 

F T 
R- 

G S E 

H H 

S 

R 
H S E 
G S E 

R 
I R H 



Table 3 (Continued) 

Class II Paints (63 Samples) (Continued) 

Ele~nent 

~n 

S a m p l e  Mn A1 Na  B r  

152 H Q M H 

i 5 4  H Q M H 

i53 H Q M I 

I 4 1  I N J F 
124 I N K H 
168 I O J G 

186 I O M F 

i 7 5  I O N I 
142 I P L G 
184 J N K I 

27 J N L I 

i70 J 0 J H 

128 J 0 ' L H 

25 J P M K 

82 I Q L G 

3Z J T M H 
101 K J L J 

t 0 4  K N K H 

i03 K N K H 

102 K N K .I 

90 K N I< J 

88 K N L J 

71 K N N K 

78 K 0 L I 

t 71  K P 

172 K P L F 

55 L N J G 

30 L N L F 

72 L N L H 

86 L N L J 

31 L S N H 

C1 Zn Ti Sb Ba K Co 

L H E I N H 

L L H E I M 

M H F I N H 
K M E I J J 

N N J I G K J 
M O M H H I 

O H J R K J 

0 0 P K K K J 
K K H L O L 7 

N Q M K N K J 
I R J E K K 

M 0 N H J 
L J M I L I 

N O O I I K J 

K M t{ H J L I 
J M E L L 

L O P F O I G 

I K N J I 

K L N O J J G 
K Q M G Q I G 
L L K H I K 

M N K N J 

Q M L H O L 

N J I N L J 

P O K K 

N J M I L 

K L J G G J 
H R I D L 

K J I Y 

M L I E N K 

J P H L L 

Cr Ta 

J 

H 

G 

H 
N H 

G 

K O 

H 

H 

E 

F 

F 

F 

G 

G 

F 

G 

Ca 

S 

S 

S 
S 

S 

R 

O 

S 

P 

R 

R 

P 

R 

R 

R 

W 

F 

F 

F 

F 

F 

F 

F 

F 

E 



T a b l e  3 (Continued) 

O" 

M._~n A1 N_.~a B~r 

19 t  E Q I G 
Ii7 E Q l I 

83 F N J I 

i F O M O 
2~ F Q I I 

t 4 5  F R J J 

56 G O K H 
165 G O L G 
174 G O L G 

53 G O L H 

144 G Q L H 
177 O Q L H 
36 H M J G 

75 H M L J 
Z t t  H N M H 

2B H P H G 
24 H P H G 
t3  H P K G 

195 H O H H 

81 I M M I 
39 I N K H 
80 I N L L 

70 I O N G 
162 J N M O 
I15 J O J I 

156 J R K H 

180 K N K H 

119 K O I I 

t 2 0  K P J I 

1 2 t  K O L I 
67 L M S H 

201 L P K J 

19 L P L N 

9 M Q K H 

Class I l l  P a i n t s  (34 Samples) 

Element 

C1 Zn T i Sb Ba _K Co C r Ta Ca W 

H H 

H J D H J 
N K H F L L 

M L G I K K R 

I J 

• M H K 

M L M F J I K L H F 

M K H H L L J F S 

N L K O H K K K 

M M M O K H K L H N F 

L Q A H J J 
0 L • K I K 
M R C L S K K R E 

N P G I H K G K G 
M F E I L I K R 

M L 

M L 
N K E 

N H A L H 

O Q G I K L K M E 

R O I I N K K Q E 

O P C K O L K S 

M A ff N S 
M L C C M R H Q F 
O J N M 

N O B G M L I K Q 
L 0 K I 

P J L J E 
M G L F 

M 

O L C E J I L L E E 

N H M 

0 K L 

M J L 



l & t a 

T a b l e  3 ( C o n t i n u e d )  

- 4  

S a m p l e  

69 
28 

163 

17 

43 

ii 

189 

193 

77 

181 

194 
125 

126 

176 

51 

42 

62 

34 

185 

~30 

26 

I07 

Mn 

D 
E 

E 

F 

F 

F 

F 

F 

G 

G 

G 

H 

H 

I 

I 

I 

I 

J 

K 

L 

M 

N 

A1 

N 
N 
O 
L 
M 
M 
N 
P 
L 
N 
O 
N 
N 
M 
N 
O 
Q 

O 
M 
Q 

N 
N 

Na 

L 
I 

K 

K 

J 

K 

I 

J 

K 

M 

J 

J 

L 

L 

L 

L 

K 

L 

J 

L 

M 

J 

C l a s s  IV P a i n t s  (23 S a m p l e s )  
E l e m e n t  

B r  CI  

H L 
G K 

H L 

H K 

J L 

J O 
I K 

H K 

I O 

i M 

J L 

I L 

G M 

J M 

I N 

J L 

G L 

H L 

J N 

H M 

J M 
ii N 

Zn Ti Sb Ba K Co Cr 

N H I I J K 
N L F E j 

M 
I L R J 

L M N 

K N O 

K 

H 

L O K M 

M A H N K K 

M M K H 

M J I H K J 

M H H H K H 

L H K J J 

S C H I L I 

M M H K K K 
L C F I M 

Q C L K K 

L L K 

L M K K 

F M L K 

L L 

J 

S 

P 

R 

R 
P 

Q 

N 

L 

M 

N 

M 
Q 

K 
Q 

Q 

Ta 

G 

G 

G 

E 

G 

G 

F 

Ca 

0 

S 

S 

Q 

R 

O 

W 

F 

F 

E 

F 

E 

E 



Table 3 (Continuedl, 

Class V Paints (19 Samples) 

Element 

Qo 

Sample Mn A1 Na mr C s Zn Ti Sb Ba K Co Cr Za Ca W 

68 E L M J N N E I K J 

37 F L J L R A Q S K Q 
58 H N L E L R L I O K J O H R F 

-52 H N M H M R K I O L K O H R F 

IZ3 H O M I M O I F L L K E H P F 

151 H Q M O L H E I N H S 

146 H R E I L Ik4 F M L J 

85 J M L I N H F K K J 

60 J Q M G Q D H O L K 

169 E R E F N O I K I G R 

57 J T K H K M F H I L L E 

149 K M K H N K B K L K I S 

76 K N K H L K C N J F E 

66 K Q N G L O C G N L I I S 

178 L N L I L P K H E J I K F S E 

150 L O N I M N I F O M J M H P 

196 L R J I J A N 

33 M O L H H N I F K K O 

64 N N N I R G O N J N Q 



Table 4 

FREQUENCY DISTRIBUTION OF 15 MOST OFTEN OBSERVED ELEMENTS 

,.O 

C o n c e n t r a t i o n  C o d e  a a 
No .  o f  L o g  

E l e m e n t  .% B C D E F G H I J K L M N O P Q R S T V a l u e s  N o r m a l  

Mn I I 3 13 18 17 31 19 16 19 14 Z 2 156 No 

AI Z 2 9 10 51 37 14 21 6 2 2 156 No 
Na 5 8 Z7 34 44 Z5 Ii 154 No 
B r  Z 8 53 4 9  37  17 3 1 l 151  N o  b 

C1 4 4 5 17 4Z 40  20  q 4 Z Z 1 150  No  
T i  1 Z 3 Z 6 1 5 14 51 43  128  No  
Z n  g 8 Z0 18 Z2 12 14 8 8 10 1 123 No  
Sb Ii 15 19 14 20 21 3 5 6 Z 1 Z 1 120 No 

Ba Z 8 19 iI i2 13 8 12 13 1 3 4 I06 No 

K 4 Z2 2 9  Z4 8 9 96  No  
C o  5 8 13 Z4 25  6 i 0  1 9 2  No 

C r  4 9 10 8 6 5 4 5 4 3 4 62  No  
T a  4 15 15 Z0 6 6 0  Y e s  

C a  2 4 11 18 1~ 3 56  No  
W 19 Z6 Z Z i 50  N o  

a 
A s  d e t e r m i n e d  by c h i - s q , a a r e  t e s t  f o r  l o g - n o r m a l  d i s t r i b u t i o n .  

b 
N r a n g e  o b s e r v a t i o n  d e l e t e d : a s  h a v i a g  p i g m e n t  s o u r c e .  C h i -  
s q u a r e  t e s t  a l s o  f a i l s  w i t h  t h i s  o b s e r v a t i o n  i n c l u d e d .  



T h e  f r a c t i o n a l  o c c u r r e n c e s  o f  v a r i o u s  o b s e r v e d  c o n c e n t r a t i o n s  w e r e  

t a b u l a t e d ,  a s  i l l u s t r a t e d  f o r  t h e  f ive  m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s  in 

T a b l e  5. T h e  f r a c t i o n a l  o c c u r r e n c e s  w e r e  t r e a t e d  a s  p r o b a b i l i t y  e s t i m a t e s  

f o r  t h e  o c c u r r e n c e  o f  r e s p e c t i v e  c o n c e n t r a t i o n s  in  p r a g m a t i c  t e s t s  of  o b -  

s e r v e d  c o n c e n t r a t i o n  c o d e s .  T h e  t e s t s  c o n s i s t e d  of  m u l t i p l y i n g  i n d i v i d u a l  

p r o b a b i l i t i e s  f o r  e l e m e n t  c o n c e n t r a t i o n s  f o r  e a c h  o f  s e v e r a l  e l e m e n t s  to 

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

• c o m b i n a t i o n s  of  e l e m e n t s ;  t h e n  the  h y p o t h e s i s  t ha t  t he  o b s e r v e d  c o d e s  

n o t  s i g n i f i c a n t l y  d i f f e r  in  f r e q u e n c y  f r o m  the  p r e d i c t i o n s  w a s  s u b j e c t e d  to 

t h e  C h i - s q u a r e  t e s t  ( w h i c h  is i n d e p e n d e n t  of  d i s t r i b u t i o n  f u n c t i o n ) .  In no 

c a s e  w a s  t he  h y p o t h e s i s  r e j e c t e d .  E × a m p l e s  o f  the  t e s t s  a r e  g i v e n  in T a b l e  

6. 

T a b l e  5 

F R E Q U E N C Y  D I S T R I B  UTIONS,  
T H E  F I V E  M O S T  F R E Q U E N T L Y  O B S E R V E D  E L E M E N T S  

C o d e  Mn A1 Na B r C1 

A 
B 
C 
D 
E 
F 

G 
H 
I 
J 
K 
L 
M 
N 
O 
P 
Q 

R 
S 
T 

O. 0064 

O. 0064 

O. 019 
O. 083 O. 013 

O. 115 O. 056 

O. 109 O. 211 

O. 199 O. 032 O. ~14 

O. 122 O. 013 O. 051 O. 237 

0. 103 0. 013 0. 173 0. 109 
O. I22 0. 000  0. 197 0. 019 
0. 090 0. 058 0. 273 0. 0064 
0. 013 0. 064 0. 160 0. 0064 
0. 013 0. 327 0. 070 

0. 237 
0. 090 
0. 135 
0. O39 
0. 013 
0. 013 

o 

O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 

0256 
0.256 
032 
109 
269 
256 
128 
058 
0256 
013 
013 
0064 
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tO 

• T a b l e  I ' 6 ' I 

F R E Q U E N C I E S  O l ~ . C O D E : :  C O : M B  I N ~ T  ~ O N S  ~ ~ 515 

PREDICTED :VS oBSERVED . 

Code for  M n / A I :  H / I  H / J  H / K  H / L  H / M  
f, p r e d i c t e d  O. 4 O. 4 ' 0 1 .8  2. 0 
f, o b s e r v e d  1 0 0 1 2 

c h i - s q u a r e  = 4 . 5 5 .  I n s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  f (p red .  

H/N H/O 
10 < 7.3 
8 6 

) and f (obs.). 

Code for  A1/Na: N /H  N / I  N / J  l N / K  N / L  N / M  N / N  
f, p r e d i c t e d  .1.6 2 .6  8 . 6  10. 0 1 ] . 9 l 8 [ 1 3 . 6 
f, o b s e r v e d  0 2 10 10 14 6 3 

c h i - s q u a r e  = ,2 .62 .  I n s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  f ( p r e d . )  and f ( obs . ) .  

• Code for  N a / B r :  L / E  L / F  L / G  L / H  L / I  L / J  L / K  
f, p r e d i c t e d  0 .6  2 .4  8 .9  10. 1 10. 0 4 : 6  0 .8  
f, o b s e r v e d  2 2 8 14 7 7 1 

c h i - s q u a r e  = 7 .53 .  I n s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  f ( p r e d . )  and f ( obs . ) .  

Code for  A1/Mn:  N /B  N/C  N / D  N / E  N / F  N / G  N / H  
f, p r e d i c t e d  0 .53  0 .33  0 .96  4. 2 5 . 9  5. 6 10 
f, O b s e r v e d  0 1 1 2 6 4 9 

c h i - s q u a r e  = 7. 77. Lns ign i f i can t  d i f f e r e n c e  b e t w e e n  f ( p r e d . )  and f (obs. )"  l 

Code for .Mn/A1/Na: H / I / L  H / J / L  H / K / L  H / L / L  H / M / L  H / N / L  H / O / L  
f. predicted 0. 11 0. II 0 0. 49 0.54 2.80 2.'00 
f~ observed 0 0 0 1 I 5 0 
chi-squarle. = 6. 22. Insignificant difference between f (pred.) and f (obs.). 

S A M P L E S ,  

H/P H/Q 
2 . 8  4 . 2  
4 7 

L / L  L / N  
0 .3  0 .3  
1 i 

H / R  " 
1 . 2  
I 

• H / S  
0 . 4  
0 

lS/r 
0.4 
0 

N/I N/J N/K N/L N/M- 
6 . 2  5.3 6 . 2  4.6 0.7 
6 3 8 5 I 

HIP/L H/Q/L H/R/L HIS/L HITIL 
0.78 .I. 15 0.33 0. 11 0. n 
0 1 0 l 0 0 

N/N 
0.7 
2 



T h e s e  r e s u l t s  i n d i c a t e  t h a t  t he  o b s e r v e d  i n d i v i d u a l  p r o b a b i l i t i e s  

c a n  be t r e a t e d  in  s i n g l e  c o m b i n a t i o n s  to c o m p u t e  t he  p r o b a b i l i t i e s  o f  a c c i -  

d e n t a l  m a t c h e s  o f  m u l t i p l e ,  l e t t e r  c o d e s .  F o r  e x a m p l e ,  t h e  p r o b a b i l i t y  f o r  

Mn  = H, A1 = N, Na  = L,  B r  = H, C] = L o c c u r r i n g  t o g e t h e r  i s  s i m p l y  

(0. 199)  ( 0 . 3 2 7 )  (0. 273)  ( 0 . 3 1 4 )  (0. ~69) o r  0 . 0 0 1 4 9 .  T h u s  o n e  w o u l d  e x p e c t  
t 

t h e  H N L H L  c o d e  to  o c c u r  t h r i c e  in  2 0 0 0  r a n d o m  p a i n t  s a m p l e s .  T h i s  i s  

t h e  m o s t  p r o b a b l e  c o m b i n a t i o n  f o r  the  f i v e  m o s t  f r e q u e n t l y  o b s e r v e d  e l e -  

m e n t s  a n d  it  w a s  no t  f o u n d  a m o n g  the  155 s a m p l e s  l i s t e d  in  T a b l e  3. 

N a t u r a l l y ,  t h e  g u a r a n t e e  a g a i n s t  an  a c c i d e n t a l  m a t c h  o f  r e s u l t s  i n c r e a s e s  

with the number of identification points used. 

Let us examine the probabilities of finding a particular code desi- 

gnation or "fingerprint" of a paint salnple as a function of identification 

points, assuming average occurrence prooau~,it~es. ,n~ ave.~ge occurr- 

~ . t l /  f ' r ' ence probabilities are computed as the ~eaiprocal o the numbe of inter- 

vals (letters) used to;describe the over-all observed range of concentrations 

f o r  e a c h  e l e m e n t .  T h e  a v e r a g e  p r o b a b i  i t i e s  a r e  a s  f o l l o w s  f o r  10 o f  t h e  

m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s .  , 

M n - -  0. 077 C1 -- 0 . 0 8 2 5  B a  -- 0 . 0 7 " /  

AI - 0. 091 Z n -  0. 0825 K -- 0. 167 

Na -- 0 . 1 4 3  Sb - ~ 0 . 0 7 2  Co  -- 0 . 1 2 5  

T h e n ,  

)f  n u m b e r s  o f  e l e m e n t s  i s  &s f o l l o w s :  

/ M n  -- 7 . 7  x 10 - 2  
J 

Mn,  A] -- 7. 0 x l 0  -3  

Mn,  A1, Na  -- 1. 0 x 1 0 - 3  

Mn,  Ai ,  Na ,  B r  -- 1. 1 x 10 - 4  

Mn,  A1, Na ,  B r ,  C 1 -  9. 1 x 10 - 6  

Mn,  AI ,  Na ,  B r ,  C1, Z n -  7. 5 x 10 - 7  

B r  -- 0. 111 

on  t he  a v e r a g e ~  t he  p r o b a b i l i t y  of  a g i y e n  f i n g e r p r i n t  a s  a f u n c t i o n  
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Mn, AI, Na, B r ,  Cl ,  Zn, S b -  5 . 4  x 10 - 8  

Mn, AI, Na, B r ,  Cl,  Zn, Sb, B a -  4. 2 x 10 -9  

Mn, AI, Na,  B r ,  CI, Zn, Sb, Ba ,  K -  7 . 0  x I0  - I 0  

Mn, Al ,  Na,  B r ,  Cl,  Zn, Sb, Ba ,  K, C o -  8 . 8  x 1O - l l  

T h e  f o r e g o i n g  t r e a t m e n t  is  no t  o p t i m a l .  T h e  u n i f o r m  c o n c e n t r a t i o n  

i n t e r v a l s  a r e  u n d u l y  b r o a d  in the c o n t e x t  o f  a n a l y t i c a l  p r e c i s i o n s  and  i n t r a -  

b a t c h  u n i f o r m i t i e s  w i t h  r e s p e c t  to m o s t  o f  the  e l e m e n t s .  T h i s  d e f i c i e n c y  

is  s o m e w h a t  a m e l i o r a t e d  by c o m p a r a t i v e  l i t t l e  c o n f u s i o n  o f  r a n g e  a s s i g n -  

m e n t s .  As r a n g e  i n t e r v a l s  a r e  n a r r o w e d  t h e r e  is  an  i n c r e a s i n g  l i k e l i h o o d  

of  s o m e  u n c e r t a i n t y  of  a s s i g n m e n t  due  to  o v e r l a p  of  i n t r a - b a t c h  v a r i a t i o n  

p a r a m e t e r  w i t h  an  a d j a c e n t  r a n g e .  In a n y  e v e n t ,  t he  a c t u a l  a n a l y t i c a l  d a t a  

m u s t  be  r e f e r r e d  t o  w h e n e v e r  two p a i n t s  h a v e  h i g h l y  s i m i l a r  o r  i d e n t i c a l  

" f i n g e r p r i n t "  c o d e s ,  in  o r d e r  to  a r r i v e  a t  a f i n a l  j u d g e m e n t  a s  t o  t h e  

" i d e n t i t y "  of  t h e  s a m p l e s .  

A l s o ,  in  t h i s  b r i e f  t r e a t m e n t  the  f a i l u r e  to o b t a i n  a u s e f u l  c o n c e n -  

t r a t i o n  v a l u e  f o r  an  e l e m e n t  in a g i v e n  p a i n t  h a s  no t  b e e n  d i s c u s s e d .  Ob-  

v i o u s l y ,  i f  o n e  p a i n t  s p e c i m e n  r e v e a l s  a n  e a s i l y  o b s e r v e d  a m o u n t  of  a n  

e l e m e n t ,  and  a s e c o n d  d o e s  not ,  t he  two s a m p l e s  h a v e  a d e f i n e d  p o i n t  o f  

d i f f e r e n c e .  F r o m  t h i s  s t a n d p o i n t ,  t he  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  the  

nu l l  i n t e r v a l  ( n o n o b s e r v a b l e )  of  the  e l e m e n t s  a r e  u s e f u l  to c o n s i d e r .  H o w -  

e v e r ,  w h e n  an  e l e m e n t  is  no t  o b s e r v e d  in  e i t h e r  of  two  p a i n t  s a m p l e s  t h e r e  

is  n0 b a s i s  on  w h i c h  to j u d g e  the  s a m e n e s s  o r  d i f f e r e n c e  a t  t h a t  p o i n t  of  

c o m p a r i s o n ,  and  t he  e l e m e n t  is  no t  a u s e f u l  i d e n t i f i c a t i o n  p o i n t .  

A s s o c i a t e d  w i t h  the  f o r e g o i n g  i s  t he  c a s e  o f  a n  e l e m e n t  f o r  w h i c h  

a f i r m  v a l u e  w a s  a c t u a l l y  d e t e r m i n e d  a t  b e l o w  the  a v e r a g e  d e t e c t i o n  l i m i t  

f o r  a l l  p o i n t s .  T h i s  s o m e t i m e s  o c c u r s  w h e n  t he  i n t e r f e r e n c e s  f r o m  o t h e r  

e l e m e n t s  a r e  u n u s u a l l y  s m a l l .  Such  v a l u e s  w e r e  of  l i t t l e  u s e  in  t r e a t i n g  

the  w h o l e  d a t a  s e t ,  but  c a n  be of  d e f i n i t i v e  u s e  w h e n  c o m p a r i n g  two p a i n t  

s a m p l e  s .  
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W h e n  it  is  c o n s i d e r e d  t h a t  an  a v e r a g e  of  n e a r l y  15 e l e m e n t s  a r e  

o b s e r v e d  in  p a i n t  s a m p l e s  by NAA w h e n  the  n u c l e a r  r e a c t o r  and  m o d e r n  

G e ( L i )  d e t e c t o r - e q u i p p e d  g a m m a - r a y  s p e c t r o m e t e r  is  u s e d ,  i t  c a n  be 

a p p r e c i a t e d  t h a t  the  p o s s i b i l i t i e s  o f  m i s m a t c h i n g  p a i n t  s a m p l e s  i s  r e m o t e .  

In f o r e n s i c  a p p l i c a t i o n s  t h i s  f e a t u r e  e n d o w s  the  t e c h n i q u e  wi th  g r e a t  p o w e r  

to p r o t e c t  the  i n n o c e n t  a n d / o r  s e a r c h  out  the  gu i l t y .  

L e s t  the  r e a d e r  be t r o u b l e d  by s e v e r a l  a p p a r e n t  r e a s o n s ,  f r o m  

T a b l e  3, to d o u b t  the  l a s t  s t a t emen l f ,  the fo l l owing  c o m m e n t s  a r e  o f f e r e d .  

S a m p l e s  nos .  91 and  96 ( C l a s s  II p a i n t s )  m a t c h  to f ive  i d e n t i f i c a t i o n  p o i n t s  

(Mn, A1, Na, B r ,  and  C1). The  o b s e r v e d  code  fo r  t h e s e  e l e m e n t s  ( F N J H L )  

h a s  a p r o b a b l e  o b s e r v a t i o n  f r e q u e n c y  of  5 . 6  x 10-5;  s o ,  g i v e n  t h a t  the  code  

is o b s e r v e d  o n c e ,  the  c h a n c e  of  o b s e r v i n g  i t  a g a i n  a m o n g  155 s a m p l e s  is 

1 ( 0 . 9 9 9 9 4 4 )  155 , o r  1%. '~ - ..~ Our  b a c k g r o u n d  of  d a t a  s u g g e s t s  t h a t  . . . . .  u , ~  

d e g r e e  of  s i m i l a r i t y ,  t a k e n  in c o n t e x t  of  the  t o t a l  f i n g e r p r i n t s  f o r  t h e s e  

p a i n t s  ( w h i c h  d i f f e r  a t  s e v e r a l  p o i n t s ) ,  a r i s e s  f r o m  d i f f e r e n t  b a t c h e s  of  the  

s a m e  k ind  of  p a i n t .  On c h e c k i n g  the s o u r c e s  of  the  two s a m p l e s ,  i t  is  

found  t h a t  t h e y  bo th  c a m e  f r o m  whi t e  K e n m o r e  w a s h e r s  t h a t  h a v e  a p p r e -  

c i a b l y  d i f f e r e n t  s e r i a l  n u m b e r s  (1106115710 and 1106004803) ,  and  th i s  

s u p p o r t s  the  i n t e r p r e t a t i o n  of  the  da ta .  

Similarly the "fingerprints" of samples 166 and 167 (Class iI paints) 

match at a majority of points, and are silnilar on those few points of diff- 

erence. The two samples were taken from the same house - one from a 

utility room wall and the other from a bedroom door jamb. The results 

suggest that the samples either came from different cans of the same 

batch of paint, or, less likely, that they came from different batches of 

the same kind of paint. 

Samples 23 and 24 (Class Ill paints), which have the same "finger- 

prints" were already cited as having been obtained from the same auto- 

mobile. 
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On the average, paints taken from different panels of mass- 

assembled machines had variations somewhat greater than those en- 

countered from replicates taken from the same panels. The differences 

were of the same order as those encountered between interbatch and intra- 

batch comparisons of samples taken from fresh cans of paint. However, 

it cannot be automatically inferred that different panels of a given, mass- 

produced machine are painted from different batches of the same kind of 

paint. Rather, it is more likely that the analogy is usually affected by an 

exaggeration of "inter-can" differences with a given batch of paint by en- 

vironmental exposure differences. Such exposure differences may be 

related to geometric orientation of exposure and/or geometric orientation 

during application. The latter factor can cause differences in coating 

thickness with concommittant differences in susceptibility to exposure 

effects; of course neither can it be denied that differences in the rnixing 

of a given paint by, say, two spray painters, might cause interpan~l 

differences. 

2.6 CONCLUSION 

It has been shown that NAA is a powerful tool for comparing paint 

samples and that reasonable interpretations of NAA data as to the com- 

monality of source of two paint samples can be made. This conclusion 

derives-from the experimentally determin-ed distribution functions of 

concentrations of a large number of identification points (elements) and 

the successful demonstration that specific probab, ilities for individual 

identification points may be multiplied to ascertain the probability of 

encountering a given "fingerprint". 
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3. EXAMINATION OF EVIDENCE PAPER SAMPLES 

3. 1 I N T R O D U C T I O N  

P a p e r  is  a n o t h e r  i m p o r t a n t  c a t e g o r y  of  e v i d e n c e  m a t e r i a l .  It is  

u s u a l l y  p r o d u c e d  in r o l l s  and  m o s t  m a n u f a c t u r e r s  u s e  s e v e r a l  m a c h i n e s  in 

a p r o d u c t i o n  r u n .  T h e  p a p e r  is  t h e n  cu t  to s i z e ,  and ,  in  o r d e r  to  a c h i e v e  

a p r o p e r  w e i g h t  f o r  a g i v e n  q u a n t i t y  of  p a p e r ,  s h e e t s  f r o m  s e v e r a l  r o l l s  

( e a c h  of  s l i g h t l y  d i f f e r e n t  d e n s i t y )  a r e  i n t e r l e a v e d .  

A t r o u b l e s o m e  a r e a  f r o m  the  f o r e n s i c  s t a n d p o i n t  i s  t h a t  the  b a l a n c e  

o f  a p r o d u c t i o n  r u n  l e f t  a f t e r  s a t i s f y i n g  o r d e r s  is s a v e d  and  i n t e r l e a v e d  

w i t h  s h e e t s  f r o m  a s u b s e q u e n t  p r o d u c t i o n  run .  T h u s ,  u n l i k e  p a i n t ,  the  

p r o d u c t  c a n n o t  be d e f i n i t i v e l y  r e l a t e d  to a s p e c i f i c ,  h o m o g e n e o u s  b a t c h  of  

m a t e r i a l  a t  t h i s  t i m e .  It w o u l d  r e q u i r e  s o m e  f o r m  of  d e l i b e r a t e  p r o d u c t  

t a g g i n g  to e f f e c t  an  e q u a l l y  f a v o r a b l e  o r i g i n  a s p e c t  f o r  p a p e r  as  i n t r i n s i -  

c a l l y  e x i s t s  f o r  p a i n t .  

D e s p i t e  the  a b o v e  a s p e c t ,  p a p e r  h a s  been  r a t h e r  e x t e n s i v e l y  e x a m -  

i n e d  by  NAA to  a s c e r t a i n  the  p r o b a b l e  f o r e n s i c  u t i l i t y  of  t he  m e t h o d  f o r  

p a p e r  " i d e n t i f i c a t i o n " .  It w a s  found  t h a t  N A A  p r o v i d e s  a s e t  of  i d e n t i t y  

p a r a m e t e r s  t h a t  c a n  u s e f u l l y  c o m p l e m e n t  the m o r e  t r a d i t i o n a l  c h a r a c t e r i s -  

t i c s  u se~  by  the  s c i e n t i f i c  c r i m e  i n v e s t i g a t o r  - c h a r a c t e r i s t i c s  s u c h  as  

mold and press marks, watermarks, density, color, strength, and micro- 

scopic fiber properties, 

LInfortunat.ely, program constraints did not permit the acquisition 

of a full population statistic, as in the case of paints. Nor was it possible 

to pursue the very attractive potential use offered by the fact that NAA 

should be useful in characterizing paper ash. The majority of identifica- 

tion points addressed by NAA are nonvolatile; therefore, unlike the 
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m o r e  t r a d i t i o n a l  i d e n t i f i c a t i o n  p a r a m e t e r s ,  t h e y  do n o t  d i s a p p e a r  w h e n  

p a p e r  i s  b u r n e d .  T h u s ,  t he  p r o g r a m '  s a t t e n t i o n  to p a p e r  ( a b s e n t  d u r i n g  

the  p r e s e n t  r e p o r t  p e r i o d )  c a n  s e r v e  a s  an  i m p o r t a n t  b a s i s  f o r  f u r t h e r  

u s e f u l  e f f o r t s .  

3. Z E X P E R I M E N T A L  

T h e  e x p e r i m e n t a l  p r o c e d u r e  w a s  the  s a m e  a s  e m p l o y e d  in the  

e x a m i n a t i o n  of  p a i n t s ,  e x c e p t  t h a t  o n l y  the  N a I ( T 1 )  d e t e c t o r ,  c o u p l e d  to a 

4 0 0 - c h a n n e l  g a m m a - r a y  s p e c t r o m e t e r ,  w a s  u s e d  s u b s e q u e n t  to  t h e  s a m p l e  

i r r a d i a t i o n s .  

I n i t i a l  e x p e r i m e n t s  w e r e  d i r e c t e d  a t  a c o m p a r a t i v e l y  s m a l l  a r r a y  

o f  p a p e r s  a n d  p r i n t i n g  p i g m e n t s .  T h i s  w a s  f o l l o w e d  by  e x a m i n a t i o n  of  

IZ0 s a m p l e s  of  w h i t e  bond  p a p e r  f r o m  n i n e  m a n u f a c t u r e r s .  T h e  120 s a m -  

p l e s  w e r e  o f  40 d i f f e r e n t  k i n d s  ( b a s e d  oil m a n u f a c t u r e r  a n d  m a n u f a c t u r e r  • 

s p e c i f i c a t i o n s  o f  n a m e ,  r ag  c o n t e n t ,  w o o d  f i b e r  c o n t e n t ,  a n d  o p a c i t y ) .  

Al l  of  t he  s e v e r a l  s a m p l e s  of  a g i v e n  k i n d  w e r e  p r o d u c e d  in d i f f e r e n t  

p r o d u c t i o n  r u n s ,  bu t  in no c a s e  d id  the  m a x i m u m  t i m e  d i f f e r e n c e  in p r o -  

d u c t i o n  f o r  a g i v e n  k i nd  of p a p e r  e x c e e d  s e v e r a l  w e e k s .  H e n c e  the  v a r i a -  

t i o n s  w i t h i n  r e p l i c a t e  a n a l y s i s  of a g i v e n  k ind  of  p a p e r  m a y  be  d e e m e d  to  

be  r e p r e s e n t a t i v e  of  the  v a r i a t i o n s  t h a t  c a n  be  e n c o u n t e r e d  in  a p a c k a g e  of  

p a p e r .  

3. 3 RESULTS 

T h e  i n i t i a l  w o r k  s e r v e d  m a i n l y  to i n d i c a t e  t h a t  a n u m b e r  of  

e l e m e n t s  w e r e  obse r v~ab l e  in p a p e r  by  NAA and  t ha t  t h e s e  e l e m e n t s  d i s -  

p l a y e d  f a i r l y  w i d e  c o n c e n t r a t i o n  r a n g e s .  It w a s  f o u n d  t h a t  t he  e l e m e n t a l  

c o n s t i t u e n t s  o f  ink p i g m e n t s  c o u l d  no t  b e  m e a s u r e d  on p r i n t e d  p a p e r .  

In the  l a r g e r  s t u d y ,  12 e l e m e n t s  w e r e  o b s e r v e d  w i t h  v a r i o u s  

c o n c e n t r a t i o n  r a n g e s  a n d  f r e q u e n c i e s  of  o b s e r v a t i o n ,  a s  shown  in T a b l e  7. 
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T a b l e  7 

E L E M E N T S  OBSER~C'ED IN 120 P A P E R  S A M P L E S  

E l e m e n t  

T i  

A1 

Ca 

M n  

Na 

(51 

Ts 

Zn  

S b  

C r  

L a  

Au 

O b s e r v a t i o n  
F r e q u e n c y  

78% 

zoo% 

21% 

99~ 

99% 

~uTo 

19% 

35% 

70% 

51% 

17% 

5% 

O b s e r v e d  C o n c e n t r a t i o n s  (ppm)  

R a t i o  I n d i c a t o r  
Min.  Max.  M a x / M i n  R a d i o i s o t o p e ( s }  

1100 17 ,600  15 Ti  51 

17 19, 700 1, 250 A128 

360 27, 100 75 Ca  49 

O. 33 57 173 Mn 56 

83 2 , 5 4 0  3 0 Na 24 

13 1 , 4 4 0  1, 100 G1 ~v 

0. 14 2 .05  15 Ta  182 

5. 5 222 40 Zn  65 

0. 02 77 3 , 8 5 0  Sb 122 Sb 124 

0 . 4 3  23 54 Cr  5 ] 

0 . 0 3  3 . 5 1  117 L a  140 

0. 0002 0 . 0 2  ]00  Au 198 

The  o b s e r v a t i o n  f r e q u e n c i e s  a m o n g  the  i n d i v i d u a l  s a m p l e s  a l t e r e d  

s o m e w h a t  on a v e r a g i n g  due  to i n c o m p l e t e  da t a .  S a m p l e s  4 a n d  5 w e r e  

of  t he  s a m e  k ind ,  f o r  e x a m p l e ,  and Zn was  s e e n  in s a m p l e  5 but no t  in  

s a m p l e  4. T h e r e f o r e  no a v e r a g e  Zn v a l u e  f o r  t h a t  k ind  o f  p a p e r  ( F o x  

R i v e r ,  E n g l i s h  Bond} w a s  o b t a i n e d .  H o w e v e r ,  a v e r a g e  v a l u e s  f o r  e l e -  

m e n t a l  c o n c e n t r a t i o n s  w e r e  found  a m o n g  the 40 k i n d s  o f  p a p e r  in  the  

f o l l o w i n g  n u m b e r s :  

~8 



A1 - 40 ( 1 0 0 % )  

• M n  - 3 9  ( 9 8 % )  

Na - 39  (98%)  

T i  - 30  (75%)  

C1 - 2 7  ( 6 7 % )  

Sb - ~ 3  (58%) 

C r  - 17 (43%) 

Ca  - 12 (30%) 

T h e  o t h e r  e l e m e n t s  w e r e  l e s s  f r e q u e n t l y  o b s e r v e d .  

T h e  a v e r a g e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  of  t he  a v e r a g e  v a l u e s  o b -  

t a i n e d  f o r  t he  f o r e g o i n g  e i g h t  e l e m e n t s  w e r e  a s  f o l l o w s :  

A1 - ±27% C1 - ±41% 

Mn - +33% Sb - +68% 

Na - ±35% Cr - +70% 

Ti - ±33% Ca - ~22% 

In v i e w  o f  the  o b s e r v e d  w i d e  r a n g e  o f  v a r i a b i l i t y  t h a t  c a n  o c c u r  

w i t h i n  c l o s e l y  s p a c e d  p r o d u c t i o n  r u n s  of  a g i v e n  k ind  o f  p a p e r ,  t he  r e p r e -  

s e n t a t i o n  o f  r e s u l t s  by  l e t t e r  c o d e s  u t i l i z e d  s o m e w h a t  b r o a d e r  r a n g e s  t han  

w e r e  u s e d  in  t he  c a s e  of p a i n t s .  

e l e m e n t s  w e r e  a s  f o l l o w s :  

C o n c e n t r a t i o n  
C o d e  R a n g e  (ppm )  

0. 1 - 0 . 3 1  

0 . 3 1 - 1  

A 

B 

C 1-3.1 

Sb, C r ,  

T h e  c o d e s  f o r  the  e i g h t  m o s t  p r o m i n e n t  

C o n c e n t r a t i o n  
C o d e  R a n g e  ( p p m )  

G 1 0 0 - 3 1 0  

H 310-1, 000 

I 1, 0 0 0 - 3 ,  I 0 0  

D 3. 1 - 10  J 3, 1 0 0 - 1 0 ,  000 

V. 10 -3  1 I< 10, 0 0 0 - 3  1, 000 

F 31-100 

Using the above codes, the concentrations of AI, 

and Ca are as given in Table 8. 

Mn, Na,  T i ,  C1, 

It w i l l  be  n o t e d  t h a t  o n l y  two  

papers have identical "fingerprints" (including lack of detection of an element 

as being significantly different from the detection of the element when com- 

paring two papers) - Bryon Weston's 25% Rag Merit and 25% Research 

Bond s. 
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Table 8 

CODED RESULTS, 40 DIFFERENT BOND PAPERS 

P a p e r  A1 Mn Na Ti C1 

I. Fox River, National Bank Bond 

2. Fox River, Anniversary Bond 

3. Fox River, Fox River Opaque 

4. Fox River, Fox River Bond 

5. Fox River, Fox River Laid 

6. Fox  R i v e r ,  E n g l i s h  Bond 
7. B y r o n  W e s t o n ,  25% M e r i t  

Opaque 
8. B y r o n  W e s t o n ,  25% W e s t o n  

Opaque  Bond 
9. G i l b e r t ,  L a n c a s t e r  

t 0 .  B r o w n ,  Cupon Bond 
t t .  B y r o n  W e s t o n , • 2 5 %  W e s t o n ' s  

Bond 
i2 .  C r a n e ,  C r a n e ' s  Bond 
t3 .  C r a n e ,  C r a n e ' s  C r e s t  
14. B y r o n  W e s t o n ,  50% 

W i n c h e s t e r  Bond 
-15 Byron Weston, 25% Rag 

Merit Bond 

t 6 .  B y r o n  W e s t o n ,  25% R e s e a r c h  
Bond 

17. Brown, C o n t r a c t • B o n d  .~ 
t 8 .  G i l b e r t ,  25% R a d i a n c e  Bond 
t 9 .  P a r s o n s ,  P a r s o n s  ' B o n d  

• 20.• R i s i n g ,  R i s ing  P a r c h m e n t  
21.  ,R i s ing ,  R i s i n g  Bond 
22. P l o v e r ,  C o l d  S p r i n g s  Bond 
2'3. P l o v e r ,  P e r m a n i z e d  

~ P a r c h m e n t  
2 4 .  P a r s s o n s ,  E d g e m o n t B o n d  
25. P l o v e r ,  A r t e s i a n  Bond 

E C 

E D 

F C 

G B 

G C 

G C 

H B 

H B 

H C 

H C 

Sb Cr Ca 

G I G B I 

F I G I 

G K H C I 

G I H A I 

G I H. J 

G J H B I 

H J I C 

H 
G 
H 

I B G 

I B G 

I B G 

K I C C 

J G B. C H 

I H C D 

J I 

F 

G 

C 

A C 

B C 

I B H 3 H B D H 

I B H. 

I B H 

I C G 

I C G 

I C H 

I C H 

I D G 

I D H 

J I B 

J I 

G 

J O 

J 

K 

H 

J 

I D 

I D 

I E 

H I 

I J 

H J H 

B 

D 

C 

D 

D J 

B C 

C 

30 



T a b l e  8 ( C o n t i n u e d )  

A1 Mn Na Ti  Cl Sb Cr  Ca  

26. P l o v e r ,  A r t e s i a n  Bond  
O p a q u e  I E H K H B 

27. P l o v e r ,  E r a s a b l e  P l o v e r  
B o n d  No. 20 I F I J C 

28; B y r o n  W e s t o n ,  Old H a m p s h i r e  
Bond I J H 

29. G i l b e r t ,  G i l b e r t  Opaque  Bond J B H It G F 
30. V a l l e y ,  V a l l e y  C o n g r e s s  Bond J C G G D 
31. V a l l e y ,  R e a l o p a c k  D e n s o r  

Fifty J C G D 
32. B r o w n ,  T r o j a n  Bond  J C H J E 
33. Gilbert, 25% Gilbert Superese J C H K l 
34. Valley, Raceway Bond J C H H E 

35. Plover, Plover Bond J E I 1 D 
36. Valley, Valley Forge Bond IK C G H E 
57. Gilbert, 25~/e Gilbert Bond K C H H A E 
58. Valley, Edgeworth Bond K (5 H H E 

59. Gilbert, 25% Envelope Bond K C H E 
40. Plover, Plover Bond Opaque K E H K 
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3.4 DISCUSSION 

T h e  s t a t e  of  the  p a p e r  w o r k  a t  t h i s  t i m e  ia  a n a l o g o u s  to t h a t  a t  the  

end  of  t h e  i n i t i a l  p h a s e  of  the  p a i n t  i n v e s t i g a t i o n .  F o r  e x a m p l e ,  one  

m a t c h i n g  p a i r  of  " f i n g e r p r i n t s "  w a s  found  in T a b l e  1, j u s t  a s  one  s u c h  p a i r  

w a s  found  in T a b l e  8. T h u s ,  d e s p i t e  the  g r e a t e r  r e l a t i v e  " i n t e r - b a t c h "  

v a r i a t i o n s  ( v a r i a t i o n s  e x p e c t e d  wi th in ,  s a y ,  a r e a m  of  p a p e r )  d e f i n e d  in  

p a p e r ,  one  m a y  a n t i c i p a t e  t h a t  a l a r g e r  s c a l e  s t u d y ,  w h e r e i n  p a p e r s  a r e  

t a k e n  r a n d o m l y  f r o m  t he  e n v i r o n m e n t  in a c c o r d a n c e  w i t h  a s u i t a b l e  s a m -  

p l i ng  m o d e l ,  w o u l d  be q u i t e  f r u i t f u l  -- e s p e c i a l l y  i f  a G e ( L i )  d e t e c t o r  i n -  

s t e a d  on a N a I ( T i )  d e t e c t o r  w e r e  to be u sed .  

The  p r e s e n t  d a t a  a r e  i n s u f f i c i e n t  to a l l o w  e x t e n s i v e  d i s c u s s i o n  of  

f r e q u e n c y  d i s t r i b u t i o n s  o f  the  e l e m e n t s .  H o w e v e r ,  the  r e s u l t s  a t  h a n d ,  

- - _ t - ' _ u  " ~ . - . 1  ,.;~ " r ' ~ ' g , l , ~  (3 4 ~ , q 4 , ~ + ~  + k ~ +  r ~ l  ~]-~ ~ l ~ . ~  

Gaussian d i s t r i b u t i o n  funct ion.  Therefore,  there may be d i f f i c u l t y  in 

finding a standard distribution function expression for the element concen- 

trations in paper, as was the case with paints. This may prove to be a 

common situation where the material in question is manufactured with 

deliberate additions of various compounds to achieve a given product. 

Paints obviously acquire much of their observed element content by addi- 

tion of pigments and extenders to organic vehicles and solvents. Opacif- 

iers, whiteners, and,other ingredients are added to paper to achieve de- 

sired qualities. 

_As a preliminary test of the independence of element concentra- 

tions, the data of Table 9 (11) were used to conapute the expected numbers 

of observations of all possible code combinations pairs for aluminum with 

Mn, Na, Ti, CI, and Sb. It was then hypothesized that the observed num- 

bers of observations of the possible codes did not significantly differ from 

the expected numbers. This hypothesis was not rejected by the chi-square 

test. Thus it is entirely possible that NAA data from paper can be treated 

in the same manner that was used in the case of paint: i.e., it may be un- 

necessary to find a suitable standard mathematical distribution function. 
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I f 

Table 9 

CONCENTRATION FREQUENCIES, 40 DIFFERENT BOND PAPERS 

L~ 

Lo 

I. Number of Observations 

Code 
E l e m e n t  A B C D E F G H I J K T o t a l  

A1 Z 1 3 4 18 7 5 40  
Mn I0 19 5 4 I 39 

Na l 15 Z0 3 39 

Ti 6 17 7 30 
C1 l 8 13 5 Z7 

Sb 3 8 7 3 I l Z3 

Cr l 6 5 5 17 

Ca 4 6 2 12 

II. Percent of Observations Per Code 

Code 
E l e m e n t  A B C D E F G H I 

Al 5 Z. 5 7.5 I0 45 

Mn 25. 6 48.6 12.8 10. Z 2.6 

Na Z.6 38.5 50.5 7.7 

Ti Z0 

C1 4.3 29.5 48.3 18.4 
Sb 13 34.6 30.5 13 4.4 4.4 

Cr 5.9 35.4 Z9.4 29.4 
Ca J 33 50 

J K 

17.5 IZ.5 

57 Z3 

17 



3.5 CONCLUSION 

The examination of paper by NAA has been shown to be at approxi- 

mately the same stage of development as the paint study prior to the analy- 

sis of environmental samples. However, although the present data are 

comparatively useful, it has been shown that the same statistical procedure 

used to treat the paint data will probably apply to paper as well. 

In fact, it has been found that the observation frequency code pairs 

of each of five elements with aluminuxn can be successfully predicted from 

their individual, observed, fractional occurrences. Thus, at least the six 

elements (AI, Mn, Na, Ti, CI, and Sb) have a nucleus of background data 

fro,n which to estimate probabilities of matching and mismatching in 
t 

forensic applications. 

In view of the encouraging results to data, it is recommended that 

an adequate environmental sample of paper be obtained and examined by 

N A A  w i t h  t h e  u s e  o f  a G e ( l ~ i )  d e t e c t o r .  
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4. GUNSHOT RESIDUE STUDIES 

4. 1 I N T R O D U C T I O N  

It w a s  f o u n d  v e r y  e a r l y  in t he  p r o g r a m  t h a t  a n u m b e r  o f  c o n s t i t -  

u e n t s  of c a r t r i d g e s  c a n  be r e a d i l y  m e a s u r e d  by NAA in  m a t e r i a l  

r e m o v e d  f r o m  the  h a n d  of a p e r s o n  who h a s  d i s c l ~ r g e d a  f i r e a r m .  S o m e  

s u c h  c o n s t i t u e n t s ,  s u c h  a s  c o p p e r ,  a r e  of  r e l a t i v e l y  c o m m o n  e n v i r o n m e n -  

t a l  o c c u r r e n c e ,  w h i l e  o t h e r s ,  e s p e c i a l l y  b a r i u m  a n d  a n t i m o n y ,  a r e  no t  

c o m m o n .  H e n c e ,  i t  s e e m e d  p o s s i b l e  t h a t  a s u i t a b l e  u s e  f o r  NAA w o u l d  be  

to d i s c e r n  w h e t h e r  o r  no t  a p e r s o n  h a d  f i r e d  a w e a p o n .  The  m o t i v a t i o n  

fo r  t h i s  p a r t i c u l a r  i n v e s t i g a t i o n  d e r i v e d  f r o m  c r i m i r ~ l i s t s '  a d v i c e ,  

e s p e c i a l l y  R.  H. P i n k e r  {then C h i e f  C r i m i r ~ l i s t  of  the  L o s  A n g e l e s  P o l i c e  

D e p a r t m e n t  C r i m e  I n v e s t i g a t i o n  L a b o r a t o r y ) ,  t h a t  no s u i t a b l e  p h y s i c a l  o r  

c h e m i c a l  t e s t  f o r  p r o v i n g  t h a t  a p e r s o n  f i r e d  a w e a p o n  t h e n  e x i s t e d .  

T h e  f a b l e d  d e r m a l  n i t r a t e  t e s t ,  w h e r e i n  the  i n s i d e  s u r f a c e  of a 

p a r a f f i n  h a n d  t e s t  is  t r e a t e d  wi th  d i p h e n y l a m i n e - s u l f u r i c  .~cid s o l u t i o n  to 

f o r m  b l u e  r e a c t i o n  p r o d u c t s  w i t h  u n b u r n e d  n i t r o  c o m p u n d s ,  h a d  b e e n  long 

ago  s h o w n  to be  u n r e l i a b l e  in a l m o s t  c l a s s i c  p r o p o r t i o n s :  i . e . ,  a p o s i t i v e  

t e s t c a n  be  : o b t a i n e d  f-rom n e a r l y  50% of  those- w h o - h a v e  no t  ~ir-ed a gun  

( s i n c e  h u m a n  e f f l u v i a  a n d  e n v i r o n m e n t  c o n t a i n  a p p r o p r i a t e  c h e m i c a l  

r e a c t a n t s ) ,  w h i l e  a n e g a t i v e  t e s t  r e s u l t s  n e a r l y  ha l f  t he  t i m e  w h e n  a p p l i e d  

to a p e r s o n  who  h a s  f i r e d  a gun.  

A m e t h o d  by  H a r r i s o n  and  G i l r o y ,  (12) w h i c h  d e t e r m i n e d  e l e m e n t a l  

c o n s t i t u e n t s  (Ba,  Sb, Pb) in g u n s h o t  r e s i d u e s  by c o l o r  r e a c t i o n s  p r o v e d  

d i s a p p o i n t i n g  to c r i m i n a l i s t s  in a c t u a l  p r a c t i c e  due to m a r g i n a l  s e n s i -  

t i v i t y .  S i n c e  NAA has  e x c e l l e n t  s e n s i t i v i t y  f o r  Ba a n d  Sb (not  f o r  Pb ,  

h o w e v e r ) ,  t h e  i n i t i a l  NAA e x p e r i m e n t s  t h a t  p r o v e d  so e n c o u r a g i n g  w e r e  

c a r r i e d  ou t .  
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4. 2 E X P E R I M E N T A L  AND R E S U L T S  

S e v e r a l  m e a n s  fo r  r e m o v i n g  g u n s h o t  r e s i d u e  p a r t i c l e s  w e r e  i n v e s t i -  

g a t e d ,  i n c l u d i n g  r i n s i n g  the  h a n d  wi th  v a r i o u s  r e a g e n t s ,  w i p i n g  w i t h  s p e c i a l  

p a p e r s  ( s u c h  as  W h a t : n a n  f i l t e r  paper}  o r  c o t t o n  s w a b s ,  and  the  m o r e  t r a -  

d i . t iona l  p a r a f f i n  h a n d l i f t .  It w a s  found tha t  the  p a r a f f i n  h a n d l i f t  p r o v i d e d  

l o w e r  i n t r i n s i c  b a c k g r o u n d  l e v e l s  of b a r i u m  and  a n t i m o n y  a n d ' m o r e  c o n -  

v e n i e n c e  of  h a n d l i n g  tha~r~ the  a l t e r n a t i v e s .  H e n c e  the  s t a n d a r d  m e t h o d  f o r  

r e m o v i n g  g u n s h o t  r e s i d t l e s  f r o m  the hand  e v o l v e d  to be the  p a r a f f i n  h a n d -  

l i f t ;  a s  f o l l o w s :  

1. F o o d  g r a d e  p a r a f f i n  is rnelt¢~.d in a c l e a n  p o r c e l a i n  e v a p o r a t i n g  

d i s h ,  c a r e  be ing  t a k e n  to avo id  b r i n g i n g  the  t e m p e r a t u r e  of  the  

m o l t e n  p a r a f f i n  to o v e r  120°F. 

2. A r e t a i n e r  s a m p l e  of  the p a r a f f i n  i s  t a k e n  f o r ~ m e a s u r e m e n t  of  

Ba  and  Sb b l a n k  v a l u e s .  

3. M o l t e n  p a r a f f i n  is  p i c k e d  up wi th  a s m a l l  c l e a n  p a i n t  b r u s h  and  

a l l o w e d  to f low on to  the sk in  of  the h a n d  b e i n g  t e s t e d .  C a r e  is  

t a k e n  to a v o i d  a b r u s h i n g  m o t i o n ,  s i n c e  t h i s  w o u l d  t r a n s f e r  

r e s i d u e  m a t e r i a l  to the b rush .  

4. A f t e r  the  p a r a f f i n  h a s  coo l ed  and s o l i d i f i e d ,  i t  is  c a r e f u l l y  r e -  

n~oved f r o m  the  h a n d  fo r  a n a l y s i s .  

It is  a d v i s e d  t h a t  the p e r s o n  do ing  [he h a n d l i f t  h a v e  c l e a n  h a n d s ,  

wear plastic gloves, operate in a clean environment, and never re-use any 

of the material (para~ffin, dish, brush, gloves} in subsequent tests. 

The paraffin handlift is placed in a clean polyethylene vial, which 

is then~ealed and subjected to neutron activation in a nuclear reactor to- 
/ 

gether '.with separate barium and antirnony comparator standards. At thi s / 

laboratory the GRT TRIGA Mark I nuclear reactor is used. The reactor 

has a rotating specimen rack (I rpm) with numerous equivalent sample 

positions. The handlift and standards are placed in adjacent positions and 
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i r r a d i a t e d  in a t h e r m a l  n e u t r o n  f lux  of  1 .8  x 1012 n / c m 2 - s e c  fo r  30 m i n -  

u t e s  w h i l e  in the  r o t a t i n g  r a c k .  T h u s ,  t h e y  a l l  r e c e i v e  the  s a m e  d e g r e e  of  

a c t i v a t i o n ,  and  no s e c o n d a r y  f lux  m o n i t o r s  a r e  r e q u i r e d .  

The s o d i u m  and c h l o r i n e  in p e r s p i r a t i o n  p i c k e d  up in a h a n d l i f t  be -  

c o m e  a c t i v a t e d ,  a l s o ,  and  p r e c l u d e  the  d i r e c t  o b s e r v a t i o n  of  b a r i u m  and 

a n t i m o n y  i n d i c a t o r  r a d i o i s o t o p e s  by d i r e c t  g a m m a  r a y  s p e c t r o m e t r y .  

T h e r e f o r e ,  the  d e s i r e d  i n d i c a t o r  r a d i o i s o t o p e s  a r e  s e p a r a t e d  f r o m  the  in -  

t e r f e r i n g  r a d i o i s o t o p e s  by a r a d i o c h e m i c a l  p r o c e d u r e .  

1. The  r a d i o c h e m i c a l  p r o c e d u r e  e m p l o y e d  is  s w i f t  and  c o n v e n i e n t .  

The  a c t i v a t e d  h a n d l i / t  is  p l a c e d  in a b e a k e r  and  to i t  a r e  a d d e d  

the  f o l l o w i n g :  15 m l  d i s t i l l e d  ( a n d / o r  d e i o n i z e d )  w a t e r ,  3 . 5  m l  

HC1 ( c o n c . ) ,  1 m l  HNO 3 ( c o n c . ) ,  ---100 mg  NaC1, .~20 mg  Cu, 

a n d  e x a c t l y  k n o w n  a m o u n t s  (..~ 20 e a c h )  of  Ba  +2 and  Sb +3 c a r -  

r i e r s .  The  m i x t u r e  is bo i l ed  fo r  10 m i n u t e s ,  c o o l e d ,  and  the  

aqueot~s s o l u t i o n  p o u r e d  in to  a 50 m l  c e n t r i f u g e  tube .  By  the  

a d d i t i o n  of 1 m l  of  H2SO 4 ( c o n c . ) ,  BaSO 4 is  p r e c i p i t a t e d ,  and  

c e n t r i f u g a t i o n  q u i c k l y  i s o l a t e s  the p r e c i p i t a t e .  T h e  s u p e r n a t e  

is  to a 150 m l  s e p a r a t o r y  funne l .  

The  B a S O  4 p r e c i p i t a t e  is  s l u r r i e d  in p u r e  H 2 0 ,  f i l t e r e d  onto  p r e -  

w e i g h e d  f i l t e r  p a p e r ,  w a s h e d  wi th  w a t e r ,  w a s h e d  w i t h  e t h a n o l ,  d r i e d  a t  

110 ° f o r  15 m i n u t e s ,  and  w e i g h e d  (to d e t e r m i n e  the  r a d i o c h e m i c a l  y i e l d  of  

b a r i u m ) .  The  p r e c i p i t a t e  is  t r a n s f e r r e d  to a 2 - d r a m  p o l y e t h y l e n e  v i a l  and  

the  a n a l y t i c a i  i n d i c a t d r ,  Ba 159, ~s m e a s u r e d  by m u l t i c h a n n e i  g a m m a - r a y  

s p e c t r o m e t r y .  In a m o d i f i e d  p r o c e d u r e ,  the  p r e c i p i t a t e  is  n e i t h e r  d r i e d  

n o r  w e i g h e d  ( s i m p l y  f i l t e r e d  and  w a s h e d  t h o r o u g h l y ) ,  and  the  r a d i o c h e m i c a l  

y i e l d  is  s u b s e q u e n t l y  d e t e r m i n e d  by m e a s u r e m e n t  of  r e c o v e r e d  Ba c a r r i e r  

w i t h  N A A .  Of c o u r s e ,  in e i t h e r  m o d i f i c a t i o n  the  o r i g i n a l  Ba 139 a c t i v i t y  i s  

r e l a t e d  to t h a t  of  the  Ba  c o m p a r a t o r  s t a n d a r d  in  the  c o m p u t a t i o n  of the e l e -  

m e n t  in the  h a n d l i f t .  
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The  s u p e r n a t e  f r o m  the  BaSO 4 p r e c i p i t a t i o n  s t e p  is  a d j u s t e d  to a 

pH of  1 . 5 - 2 .  0 w i t h  N a O H  s o l u t i o n ,  and  5 m l  of  d i t h i z o n e  r e a g e n t  (400 mg 

of d i t h i z o n e  in 100 m l  CHC13) is  added .  The  m i x t u r e  i s  s h a k e n  and  the  

CHC13 p h a s e  (now c o n t a i n i n g  Cu and  i n t e r f e r i n g  Cu 64) is  d i s c a r d e d .  Abou t  

one  g r a m  of t h i o a c e t a m i d e  is a d d e d  to the  a q u e o u s  p h a s e  to p r e c i p i t a t e  

Sb2S 3. It is  a d v i s a b l e  to w a r m  the a q u e o u s  p h a s e  to e f f e c t  c o m p l e t e  p r e -  

c i p i t a t i o n .  The  p r e c i p i t a t e  is  c e n t r i f u g e d ,  the s u p e r n a t e  i s  d i s c a r d e d ,  and  

the  p r e c i p i t a t e  i s  d i s s o l v e d  in 10 ml  of  HC1. 

The  s o l u t i o n  c o n t a i n i n g  d i s s o l v e d  Sb2S 3 is  b o i l e d  f o r  ~ 15 m i n u t e s ,  

w h i c h  r e m o v e s  s u l f u r  as  H2S and f r e e  s u l f u r .  The  s o l u t i o n  is  d i l u t e d  to 

30 m l  w i t h  H 2 0 ,  the  f r e e  s u l f u r  is  c e n t r i f u g e d  out ,  and  the  s u p e r n a t e  is  

t r a n s f e r r e d  to a c l e a n  c e n t r i f u g e  tube.  The  s o l u t i o n  is  m a d e  to a b o u t  40 m l  

...:*l.w,~,, ~2 V,u ~ .O ....'~] v. ~f C*v~nvh~ntv ................... (chromous chloride solution) is added, and the 

tube is placed in a boiling water bath for about 30 minutes. The solution 

is allowed to stand overnight at room temperature to permit complete re- 

duction of the antimony to the elemental state. The antimony precipitate 

is transferred to a 2-dram polyethylene vial, measured by gamma-ray 

spectrometry for Sb 122 content (the Sb comparator standard is likewise 

measured), and finally the radi0chen~ical yield of Sb is determined by NAA. 

2. The experimental program included studies of multiple firings, 

relative amounts of residues deposited on various parts of the 

hands, the possibility of tagging cartridges to increase the 

uniqueness of the test, the effect of wind on deposition of resi- 

dues, and an extensive study of Ba and Sb levels in handlifts 

taken both from persons who had and had not fired guns. These 

last studies were culminated in the present reporting period. 

Although a few initial experiments indicated the possibility of hand- 

lift levels of Ba and Sb proportionate to the number of times the hand had 

fired a weapon, more extensive studies indicated that this was not the case. 

Apparently the major amount of residue deposited from one residue is 

blown off, but replaced, in a subsequent firing. 
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The largest amounts of residue from a firing were found, in order, 

on the trigger finger, thumb web, and back of hand. The palm of the hand 

received the least amount of residue. However, extensive Ba and Sb resi- 

dues were found in various parts of a weapon that had been discharged but 

not cleaned: and persons who extensively handled such weapons, but did 

not fire them, picked up more Ba and Sb on the palm than on other parts 

of the hand. 

It was found that the Ba and Sb deposited on the hand from a firing 

are easily removed by washing the hands with soap and water. 

Winds were found to influence the quantitative, not qualitative, re- 

sults of firings. A wind from the front increased deposition to the hands, 

while winds from the side or rear had a contrary effect. 

Efforts were made to utilize dysprosium and europium tags (both 

elements are determined with exceeding sensitivity by NAA) to facilitate 

the unequivocal detection of gunshot residues. Experiments involving 

tagged primers and tagged powders were carried out, but neither kind of 

tagging offered conclusive results. In the light of subsequent information 

regarding the particulate nature of gunshot residues, it seems likely that 

improved tagging procedures could be effective. 

It has come to light that the bulk of Ba and Sb in gunshot residues 

deposited on the hand is contained in a fairly small number (~I0-20) of 

relatively large (10-50 D) particles, and that <0. I~0 of the Ba and Sb in the 

cartridge primer (the location of the major amounts of these elements in 

the cartridge) ends up on the hand subsequent to a firing. Obviously then, 

smaller particles or fine powder are not efficient sources of firing evi- 

dence. The correct procedure for tagging cartridges with refractory rare 

earth materials must take this fact into account. Unfortunately, these facts 

were not available early enough in the program, and the tagging methods 

virtually assured that the tags would be emitted as fine powders. 
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D u r i n g  the  p r e s e n t  c o n t r a c t  p e r i o d  i t  c a m e  to l i g h t  t h a t  t he  p r i m e r s  

in 0. 2 2 - c a l .  b u l l e t s  f r o m  one  m a n u f a c t u r e r  d id  no t  c o n t a i n  a n t i m o n y .  H o w -  

e v e r ,  b e c a u s e  the  b u l l e t  l e a d  c o n t a i n e d  ~ 1 %  Sb, th i s  e l e m e n t  w a s  n e v e r t h e -  

l e s s  found  in  h a n d l i f t s  t a k e n  f r o m  t h o s e  who  had  f i r e d  s u c h  b u l l e t s .  Ob -  

v i o u s l y ,  t he  b u l l e t s  a r e  a b r a d e d  a s  t h e y  l e a v e  the  c a r t r i d g e  and  f r a g m e n t s  

of  l e a d  a r e  d e p o s i t e d  on  the  gun hand .  

3. Al l  h a n d l i f t  r e s u l t s  o b t a i n e d  in  the  s y s t e m a t i c  s t u d y  of  h a n d -  

l i f t s  f r o m  p e r s o n s  who  had  no t  f i r e d  w e a p o n s  and  p e r s o n s  who  

h a d  f i r e d  w e a p o n s  a r e  p r e s e n t e d  in T a b l e s  10 t h r o u g h  19. 

T h e s e  r e s u l t s ,  m a n y  of  w h i c h  w e r e  g a t h e r e d  in  the  p r e s e n t  

r e p o r t  p e r i o d ,  a r e  p r e s e n t e d  as  m u l t i p l e s  of  t he  r a w  v a l u e s  

( t i m e s  100 fo r  Ba ,  and t i m e s  1000 for  Sb) f o r  c o n v e n i e n c e  of 

p r e s e n t a t i o n  and  l a t e r  m a n u a l  m a n i p u l a t i o n .  T he  f i r i n g  d a t a  

t a b l e s  a r e  e s s e n t i a l l y  s e l f - e x p l a n a t o r y ;  i . e . ,  t he  B a  and Sb 

v a l u e s  w e r e  o b t a i n e d  f r o m  h a n d l i f t s  t a k e n  of  a hand  t h a t  had  

j u s t  f i r e d  a w e a p o n  o f  the  i n d i c a t e d  c a l i b e r .  

h a n d b l a n k  t a b l e s  ( T a b l e s  10, 11, 12, and 13) p r e s e n t  v a l u e s  

a s  f o l l o w s :  

The  

o b t a i n e d  f r o m  p e r s o n s  in d i f f e r e n t  o c c u p a t i o n a l  c l a s s i f i c a t i o n s ,  

H a n d b l a n k  
C l a s  s i f i c a t i o n  

A 

B 

C 

D 

.Oc .cuJ~ations SamlMed  

C a r p e n t e r s ,  a c c o u n t a n t s ,  TV t e c h n i c i a n s ,  s e c r e t a r i e s ,  
w a t c h  r e p a i r m e n ,  g a r d e n e r s ,  l a b o r a t o r y  t e c h n i c i a n s ,  
p h o t o g r a p h e r s ,  r a d i o i s o t o p e  t e c h n i c i a n s ,  t h e o r e t i c a l  
c h e m i s t s ,  e l e c t r o n i c s  t e c h n i c i a n s ,  c h a u f f e u r s ,  e l e c -  
t r i c i a n s ,  c o m p u t e r  o p e r a t o r s ,  n u r s e s ,  p h y s i c i a n s ,  
s t o r e k e e p e r s  

P l u m b e r s ,  g r a p h i c  a r t i s t s ,  m e c h a n i c s ,  d r a f t s m e n ,  
h e a t i n g  and a i r - c o n d i t i o n i n g  r e p a i r m e n  

E l e c t r o n i c  a s s e m b l e r s  

Auto  m e c h a n i c s ,  p a i n t e r s ,  m a c h i n i s t s ,  m a i n t e n a n c e  
m e n  
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T a b l e  I 0  

G L A S S  A H A N D B L A N K S  
B A R I U M  A S  b~g F O U N D  x 10 2 , A N T I M O N Y  A S  ~ g  F O U N D  x 10 3 

S a m p l  e Ba Sb I 

1 .t4 601 

2 22 60 
3 32 30 
4 t9  t0  
5 3 50 
6 4 5 
7 i8  20 
8 t2  20 
9 48 t0  

10 44 I0  
I I  18 5 
12 32 5 
13 7 5 
14 2 5 
15 3 5 
16 3 5 
17 17 5 
t8  6 5 
t9  9 30 
20 7 5 
21 15 5 
22 7 5 
23 4 20 
24 I I0  
25 22 80 
26 8 10 
27 3 5 
28 4 5 
29 9 5 
30 8 30 

31 26 5 
32 9 20 
33 t t  5 
34 6 5 
35 t0  5 
36 8 5 
37 26 5 
38 t3  5 
39 15 20 

S a m p l e  Ba Sb 

40 25 t 0  
4 t  9 5 
42 9 10 
43 7 5 
44 2 5 
45 31 20 
46  29 65 
47 40 58 
48 26 39 
49 13 I I 0  
50 18 135 
51 9. t 2 
52 iO 2 
53 4 . 7  2 
54 5 . 7  2 
55 14 11 
56 6 . 8  6 
57 2Z 5t  
58 28 3 
59 22 23 
60. 27 18 
61 t2  12 
62 5 . 9  2 
63 268 74 
64 35 23 
65 22 69 
66 26 69 
67 61 22 
68 20 t2  
69 6 . 8  17 

70 5 . 5  20 
7 t  5 . 5  33 
72 4 . 5  3 
73 1 1 . 9  t t  
74 8 8 
75 t 4 . 7  24 

76 9 17 
77 2 0 . 8  4 
78 15.2 6 

S a m p l e  

79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
9O 
9 t  
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
t03  
104 
t05  
t 0 6  
t07  
t08  
t09  
t t 0  
t l t  
1 t2  
113 
1 t4  
115 
1 t 6  
t 1 7  

Ba Sb S a m p l e  Ba 

4 . 4  62 118 8 . 6  
t 8 . 2  21 I19 II 
34 t7  ~20 4 .1  
23 17 121 1.6 
29 25 122 16 
33 3 t  t23 20 
t 6  9 124 19 
19 7 t25  3 . t  

9 . 7  t t  t 2 6  4 . 8  
8 . 7  t0  127 5 .4  

t4  7 128 8.1 
t 4  8 !29  8 . 8  
14 20 t30  4 . 2  
t5  2 t  131 4.6 
51 54 i32  46 
47 94 t33  5 . 9  
10 8 t34  1 .9  
4 . i  2 t35  5 . 8  
4.0 3 136 2 . 4  
7 . t  4 137 9.0 

3 . 2  2 t 3 8  t4  
2 . 5  2 139 8 

19 2 t 4 0  5 . t  
17 5 141 4 . 4  
4 . 5  I 142 3 .4  
3 .2  t 143 2 . 0  
7 . 3  6 . 7  144 2 . 9  
8 . 2  I 145 1 .8  

t 0 . 5 -  12 t 4 6  2 
3 .2  7 t47  t 
4 . 8  2 148 4 . 5  
8 t 149 6.7 
9. I 4 . 6  150 I .  8 
2..6 3 . 3  151 65 
2 . 3  t t52  71 
7 . 2  I 153 15 
6.5 10.7 154 i4 
2 . 7  . I 155 4 . 8  
2 I t 5 6  II 

Sb 

t 
t 0  

3 . 2  
3 . 4  
4 . 8  
2 . 4  
4 . 3  

24 
10 

t 
3 .7  
1 .9  
6 . 5  
7 . 6  
4 . 4  
8 . 7  
3 .7  

i3  
6 
4 
5 

10 
6 
5 
3 
3 
3 
3 
3 
3 
3 

30 
21 

1 
232 

1 
t 8  

2 
7 

Sample Ba Sb 

157 7.4 I 

158 12 15 
159 70 3 
160 116 8 
161 223 3 
162 289 7 
t63  16 4 
164 8 . 3  1 
165 5 . 3  5 



Table 11 

CLASS B HANDBLANI<.S 
BARIUM AS ~g FOUND x I02, ANTIMONY AS ~g FOUND x 103 

5.9 

S a m p l e  B a  Sb. S a m p l e  5 a  Sb B a  Sb B a  Sb 

1 !28 37 

Z 118 74 
3 5 8.2 
4 73 34 

5 165 18 
6 219 16.8 
7 48 5Z 
8 86 47 
9 36 6 

t 0  35. t .  3 

11 i14 

IZ 261 
13 195 

14 157 
15 75 
16 36 
17 55 
18 51 
t9  48 
20 134 

6 

5 

5 
14 

S a m p l e  

2 t  
22 
23 
24 

4 Z5 
6 . 4  26 
5 27 
8 28 
Z Z9 
4.5 30 

Z3 9 
24 7 

198 49 
185 46 
71 14 
8.6 8 

13.5 

12.7 9 
54 14 
47 7 

S a m p l e  

3 t  
32 
33 
34 
35 
36 

9.2 37 
38 

17.1 34 
22 16 

107 4 
164 4 
15.9 81 
16.7 136 
16.5 I0 
37 31 

Table 12 

CLASS C HANDBLANKS 

BARIUM AS ~zg FOUND x 102, ANTIMONY AS [~g FOUND x 103 

Sample Ba Sb Sample Ba Sb Sample Ba Sb Sample Ba Sb 

l 7.6 12.7 
2 16.5 31 
3 32 66 
4 5.2 10 

5 7 31 
6 94 42 
7 33 53 
8 7.7 Z2 

9 6.5 15 
10 13.7 40 
11 15.2 66 
12 9.4 14.4 

13 4.7 8.9 
14 32 27 
15 19.7 10.8 
16 6.8 26 
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T a b l e  13 

G L A S S  D H A N D B L A N K S  
B A R I U M  IAS ~g F O U N D  x 102, A N T I M O N Y  AS k~g F O U N D  x 103 

S a m p l e  Ba  Sb  S a m p l e  Ba  Sb 

t 4 5  4 

2 37 Z 
3 4S 3~ 

J t¢  D 

S 47 31  
6 178 51 

7 1 2 t 0  !~5 

8 528 ~Z8 
9 2.8 2~ 
0 44 3 6  

!I 37 17 

!L' ZO Zl 

13 16 3. 

14 15 2. 
, ,-o~ {74 

-_,'6 470  383 
, i7 Z8~) 198 

i S  ZB 2 !  
• 19 i 3 , 6  9. 
20 310 43 

S a m p l e  B a  Sb 

6 

21 13.5 10 

22 48 Z9 

Z3 7Z 49 

24 23 Z2 
25 28 37 
26 ~.21 i$0 

27 76 I19 

28 I17 iZ-~ 

29 !51  70 
~u 92 26 

, 8  

S a m p l e  B a  Sb 

31 57 15 

32 206 2Z 

33 194 15 

34 I12 99 
135 126 127 
36 16.5 28 

37 35 26 

38 26 120 

39 32 598 

40 t 7 9  72 

4 t  199 98 



J 

T a b l e  14 

0 . 2 2  C A L I B E R  F I R I N G S  

B A R I U M  A S  Dg F O U N D  x 10 2 , A N T I M O N Y  A S  /~g F O U N D  x 103 

S a m p l e  B a  S b  S a m p l e  Ba Sb 

.1 54 1 t l ,  36 
2 t 2 5  Z42 37 
3 32 56 38. 
4 71 7 2  39 
5 21 39 40 
6 53 i126 41 
7 12 50 42 

~ ~AA  AW 8 
9 i 5 . 5  "40 44 

t 0  450 3"02 45 
11 28 70  46 
t 2  t 6 9  t 4 6  47 
13 25 70 48 
t 4  t t 2  252 .49 
t 5  8.2 3~ 50 
t 6  t 2 3  t 3 3  5 t  
i7  t 9 . 8  45 52 
!8  Z40 288 53 

..t9 t 9 . 3 -  .3~, :54 
20 274 64 :55 
.2:t 15.  t : 4 3  5.6 
22  i 2 9  312 57. 
23 i4,4 40 58 
24. 6 t 7: 6 !. 59 
25 t3~  7 37 60 
26 9.9: Z5 6 t  

: 2 7  524 . i92  62 
'28 204 t 3 0  63 
-29: 492 2 9 t 0  64 
3o  •288 98 65 
3:i" 6, 7 t 5  66 
32_ 246 t 8 4  67 
33 49. 5~ 68 
34 6Z ~11 89 
35 16.7 37 70 

127 !27 
22 66 
98 121. 
15.9 47 

2-65 521 

35 t 0 t  
Z13 t t 2 0  : 

6°5 2 9  i. 
73 76 • 
5.5 16 

96 114 
14.9 40 
16 41 

t67  45 
17.Z 32 
59 199 
2Z :43 
17.5 47 

29 96 
301 2~ 
:li.2 75 
84 36 

24 o f~4 
34 138 
t 6 :  i 31 

9 : Z  22 
• 14 i 7  
97 ~4~ 
:13.3 27 

i 5 6  74 
10.4 31 
29 57 
16.3 47 
35. t 36 

1 t . 3  20 

S a m  p le  

7 t  
72 
73 

• 74 
75 
76 
77 
78 
79 
8 0  

/ 8 1  
82  
83 
8 4 :  
85 
8 6  
87 
88 
89 
90 

9Z 
93 
94 
95 
96 
97 
98 
99 

t 0 0  
10t  

S ~  

t 1 0  
, t 4 . 4  
t 2 . 8  
36 

9. t 
i 6 . 8  

2 . 5  
5 
8 . 3  

t7  
7 . 8  
4 

t 0 . 4  
5 . 4  

t7  
85  
37 
28 
Z4 
4O 
23 

220 
38 

t 5 3  
t t 9  
t 6 t  

3 t  
609 
267 

39 
35 

Sb 

i t 7  
34 
24 
73 

9 
t 5  

7 
27 
t 8 

t 8 4  
14 
t i  

4 . 9  
236 
269 
2 t 5  
t 20  

94 
91 

t60  
1t2 
374 
t t 9  
3 t8  
2 t 0  

88 
i33  

3780 
835 
200 
Z66 
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Table 15 

0.25 CALIBER FIRINGS 
BARIUM AS ~g FOUND x 102 , ANTIMONY AS ~g FOUND x 103 

Sample Ba Sb Sample Ba Sb 

I 776 1260 
2 Z22 499 
3 846 56! 
4 96 208 
5 41 0 604 
6 243 ' 296 
7 381 148 

8 347 341 
9 1420 1670 

10 !49 266 
li 298 624 
12 384 579 
13 i07 150 
t4  t 6 1  307 
t5  226 463 
t 6  222 359 

17 212 419 
18 105 253 

Table 16 

0.44 CALIBER FIRINGS 
BARIUM AS ~g FOUND x i02, ANTIMONY AS ~g FOUND x 103 

Sample Ba Sb 

1 149 259 
2 452 152 
3 38 166 
4 168 55 
5 405 I13 
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Table 17 

0.38 CALIBER FIRINGS 
BARIUM AS ~g FOUND x 102 , ANTIMONY AS ~g FOUND x 103 

C~ 

S a m p l e  • Ba Sb 

t t 44  6 t5  
2 64 325 
3 96 255 

.4 25 75 
5 85 295 
6 240 625 
7 154 575 

8 328 555 

9 173 285 

10 69 385 

11 49 103 

12 33 81 

13 47 194 

14 275 678 

~_5 99 360 

16 67 163 

17 71 253 

18 25 67 

19 25 88 

2O 3O 96 

21 148 393 

22 211 791 

I. 

Sample Ba Sb 

23 

24 

25 

26 

S a m p l e  

27 

28 
29 

,30 
3 t  
32 
33 
34 
35 
36 
37 
38 
39 
4O 
4 t  
42 
43 
44 

104 

121 

I13 

109 
71 

56 
113 

57 

76 
487 

16.8 

51 

76 

15 

28 

16.5 

53 

17 
37 

26 

16 

83 

3~4 

405 

334 

~205 

167 

148 
410 

135 

234 

990 
93 

398 
666 

37 
673 

84 
t 3 8  

84 
287 
t95  
t21  
383 

45 

46 

47 

48 

49 
5O 
51 

52 

53 

54 

55 

56 

57 

58 

59 

6O 

61 

62 
63 

64 

65 

Ba 

74 

43 

72 

45 

70 

53 

28 

73 
22 

6 

7.9 
32 

IZ.3 

1.8 

20 

17 
34 

13 

27o 
12 

20 

Sb 

418 

211 

187 

146 

34 

263 

161 

314 

78 

3O 

70 

143 

41 
14 

199 

97 
166 

92 
432 

75 

150 



Table 18 

0.45 CALIBER FIRINGS 
BARIUM AS ~g FOUND x 102 , ANTIMONY AS #Ig FOUND x 103 

Sample Ba Sb 

{ 637 1880 
2 1560 4350 
3 940 3350 
4 2610 3240 
5 568 !730 
6 524 1400 
7 235 642 
8 1990 5980 

9 379 ~290 
io 559 1630 
II 406 ~600 
!2 209 530 

13 244 889 

14 289 ~I10 
i5 298 933 
~6 868 3010 
i7 277 1!550 
18 855 2170 

19 375 1,310 
20 972 2~560 

2 t  258 997 
22 720 274O 
23 67 266 
24 486 1310 
25 58 232 
26 336 1600 

Sample Ba Sb 

27 217 754 
28 317 1270 
29 644 2030 
30 792 2700 
31 195 808 
32 628 1710 
33 207 343 

34 1100 2320 

35 532 836 

36 ~75 208 
37 1370 3500 
38 273 373 

39 587 I170 

40 488 935 
41 526 1410 
42 700 1020 
43 1340 2120 

44 788 2090 

45 184 382 
46 88 132 
47 1310 4210 
48 75 174 

49 84 296 
50 593 552 
51 138 280 

Sample Ba Sb 

52 612 1220 
53 300 i120 
54 634 2550 
55 214 1400 
56 1300 5160 
57 1550 919 
58 100 716 

59 891 1820 
60 ~91 468 
6{ 189 776 
62 211 702 
63 394 691 
64 11 22 

65 161 247 
66 165 1830 
67 908 5780 
68 622 1260 

69 14 37 

70 716 1920 
71 805 2230 
72 204 1380 
73 96 342 
74 215 521 
75 134 355 
76 29! 601 



Table 19 

9 mm FIRINGS 
BARIUM AS ~g FOUND x 102, ANTIMONY AS ~g FOUND x 103 

GO 

Sample Ba Sb 

I 
Z 

3 
4 

5 
6 
7 
8 

9 
10 
iI 
12 
13 

14 

15 

16 
17 

18 

19 
20 
21 

22 

1540 56 
559 753 

I130 2050 
363 610 

137 190 
ZZ7 93O 
322 570 
277 840 
164 247 
~27 380 
ill 360 
I02 580 

169 49O 
122 460 
480 3050 

214 710 
136 700 

84 164 

75 296 
56 124 

163 495 
41 123 

Sample Ba Sb 

23 42 142'. 
23 126 218 
25 64 87° 

26 131 719 
27 25 197, 
28 43 820 
29 28 24~I 
30 44 18'7 
31 46 338 
32 280 680 
33 53 86 
34 665 318 
35 57 133 
36 234 86,3 

37 62 I13 

38 859 3230 
39 48 149 
40 534 2570 
41 233 232 
42 674 3170 
43 856 1200 
44 144 770 

Sample Ba Sb 

45 56 i45  
46 466 52O 
47 5 t  227 
48 247 380 
49 252 t 5 7 0  
50 156 2 t 5  
51 929 4200 
52 i04 183 
53 266 I150 
54 324 630 

55 194 990 
56 309 1520 
57 100 266 

58 If8 130 

59 219 1290 
60 47 102 
61 267 840 
62 267 354 

63 492 2370 
64 212 1090 
65 73 156 



The c l a s s i f i c a t i o n  of handb lanks  r e f l e c t s  the d i f f e r e n c e s  • to wh ich  

p e r s o n s •  in v a r i o u s  occupa t ions  a r e  n o r m a l l y  e x p o s e d  to con t ac t  wi th ,  and 

t r a n s f e r  t 0 t h e  hands  of, b a r i u m  a n d / o r  a n t i m o n y  c o m p o u n d s .  R e l a t i v e  to 

C l a s s  .A, a n d  O n the a v e r a g e ,  the o c c u p a t i o n s  r e l a t e d  to C l a s s e s  B, C,  and 

D p e r m i t  the p i c k - u  p of m o r e  of the  e l e m e n t s  as follows{ 

Re la t ive  to Class  A 

C l a s s  B a  Sb 

B --~4 ~1.3 

C ~I. 0 --,1.8 

D ---6.9 ~ 4 . 8  

It can be seen that Class B is a "high Ba" class, Class C is a "high Sb" 

clas s , and Class D is a "high Ba and high $b" class. 

The f i r i n g s  in a l l  c a l i b e r  c a t e g o r i e s  invo lved  a m u l t i p l i c i t y  of w e a -  

p o n - c a r t r i d g e  c o m b i n a t i o n s  based  on w e a p o n  type ( r e v o l v e r  o r  a u t o m a t i c ) ,  

w e a p o n  m a n u f a c t u r e r ,  and cartr ,  idge m a n u f a c t u r e r .  T h e s e  f a c t o r s  w e r e  

v a r i o u s l y  c o m b i n e d  in o r d e r  to avoid bias  due  to p e c u l i a r i t i e s  i n h e r e n t  in 

a n y  one c o m b i n a t i o n .  

The a v e r a g e  v a l u e s  fo r  all hand l i f t  c l a s s i f i c a t i o n s  a r e  g iven  in 

Tab l e  20. 

Tab le  20  

AVERAGE VALUES F R O M : H A N D L I F T S  
BA-R-IUM AS ~g- FOUND x 102, -ANTiMOINY -AS Dg F o u N D  x 103 

C l a s s  ific a t ion  

H a n d b l a n k  Glas s  A 
H a n d b l a n k  C la s s  B 
H a n d b l a n k  C l a s s  C 
H a n d b l a n k  C la s s  D 
0. •2•2 C a l i b e r  F i r i n g s  
0 .25  C a l i b e r  F i r i n g s  
0. 38 Ca l ibe  r F i r i n g s  

0 . 4 4  C a l i b e r  F i r i n g s  
• : . . .  - . . 

0.45  C a l i b e r  F i r i n g s  
• 9'. m m  : C a l i b e r  F i r i n g s  

Ba Sb 

18.9  16.4 
78 .2  22. 2 
19.4  29 .8  

13}o. 1 78° 
95.4  . ]81.0  

3 19.6 506~ 0. 
77 .9  263. 0 

149.0  4 2 2 / 0  
540. o 1631.0 
26 i .  6 797,.o 
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4 . 3  DISCUSSION 

The  d a t a  f r o m  the  s y s t e m a t i c  s t u d y  of  h a n d l i f t s  w a s  t e s t e d  and  found 

to be n o i  n o r m a l l y  d i s t r i b u t e d  in a m a j o r i t y  of  c a s e s .  T h e  r a w  d a t a  s h o w e d  

t h a t  the  o v e r a l l  a v e r a g e  o f  B a / S b  r a t i o s  in a l l  c l a s s i f i c a t i o n s  w a s  n e a r l y  

10 ( a c t u a l l y  9 . 5 3 ) .  H e n c e  the  d a t a  in T a b l e s  10 t h r o u g h  20 m a y  be r e g a r d e d  

as "normalized". 

Logarithms of the "normalized" data were taken, and the data were 

examined in each classification for log-normal distribution. For this pur- 

pose the data were classified in accordance with the following code: 

R a n g e  of  Log  . R a n g e  o f  Log 
Code  of  N o r m a l i z e d  Va lue  Code  o f  N o r m a l i z e d  Va lue  

A 0 - 0 . 3  H 2. 1 - 2 . 4  

B 0 . 3 - 0 . 6  I 2 . 4 - 2 . 7  

C 0.6-0.9 J 2. 7-3.0 

D 0.9-]..2 K 3.0-3.3 

E ].2-1.5 L 3.3-3.6 

F 1 . 5 - 1 . 8  M 3 . 6 - 3 . 9  

G 1 . 8 - 2 . 1  

The  c l a s s i f i e d  d a t a  w e r e  a s s u m e d  to l i e  w i t h i n  +3{/ of the m e a n  

v a l u e  in e a c h  c l a s s i f i c a t i o n .  The  n u m b e r  of  r a n g e  i n c r e m e n t  d i v i d e d  in to  

6 ¢ g a v e  the  n u m b e r  o f ( ;  u n i t s  p e r  r a n g e  i n c r e m e n t ,  and  i t  w a s  t h e n  p o s s i b l e  

to u s e  a s t a n d a r d  t a b l e  of  a r e a s  p e r ( 7  uni t  to o b t a i n  e x p e c t e d  o b s e r v a t i o n  

f r e q u e n c i e s  f o r  t h e  G a u s s i a n  c u r v e .  The  e x p e c t e d  f r e q u e n c  i e s w e r e  c o m -  

p a r e d  to the  o b s e r v e d  f r e q u e n c i e s  w i th  the  c h i - : s q u a r e  t e s t  and  i t  w a s  found  

t h a t  few of the  d a t a  s e t s ,  Ba  and  Sb f r o m  the  9 m m  w e a p o n  f i r i n g s  w e r e  

e x c e p t i o n s ,  c o u l d  be a c c e p t e d  a s  l o g - n o r m a l .  

N e v e r t h e l e s s ,  s t a n d a r d  d e v i a t i o n s  a b o u t  the  m e a n s  of  the  l o g a r i t h -  

m i c  v a l u e s  and  P e a r s o n  P r o d u c t - M o m e n t  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  

c o m p u t e d .  T h e  v a l i d i t y  of  s u c h  p a r a m e t e r s  w a s  l e s s  c e r t a i n  t h e n  wou ld  be 
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The total frequency along each +45 ° diagonal was obtained. This 

step is consistent with the previously mentioned physical and mathematical 

considerations. These totals were found to have a Gaussian distribution 

for all classifications except Handblank Class A and Handblank Class C. 

The test for Gaussian distribution is exemplified in the following. 

Consider the totals obtained for each +45 ° diagonal of the Class B 

handblank chart of Table 21, Estimate the expected distribution for 38 ob- 

servations in a similar number of groups for a normal distribution. Test 

the hypothesis, by the chi-square test, that the distributions are the same. 

E x p e c t  F o u n d  ,( D i f fe - rence  ) 2 / E x p e c t  

O. 3 0 O. 3 
1 .1  2 0 . 7  
3 . 0  5 1 .3  
6 . 1  6 0 . 0  
8.6 6 0.7 
8.6 6 0.7 
6.1 4 0.7 
3.0 5 1.3 
I.i 3 3.3 
0.3 1 0 . 2  

c h i - s q u a r e  = 9. 2 

The  h y p o t h e s i s  c a n n o t  be r e j e c t e d  in  t h i s e  c a s e ,  s i n c e  the  c h i - s q u a r e  v a l u e  

d o e s  no t  i n d i c a t e  a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the  e x p e c t e d  and  o b s e r v e d  

d i s t r i b u t i o n s .  

The  C l a s s  .& H a n d b l a n k  d i s t r i b u t i o n  w a s  s u c c e s s f u l l y  f i t t e d  w i t h  two 

o v e r l a p p i n g  n o r m a l  d i s t r i b u t i o n s .  T h u s ,  on ly  C l a s s  C H a n d b l a n k  d a t a  a r e  

m a t h e m a t i c a l l y  e x c l u d e d  f r o m  the  f o l l o w i n g  t r e a t m e n t .  The  0 . 4 4  c a l i b e r  

f i r i n g s  w e r e  e x c l u d e d  on the  g r o u n d s  of  too few d a t a .  In t h i s  c o n n e c t i o n ,  

i t  m a y  be n o t e d  t h a t  the  n u m b e r  of  c o n c e n t r a t i o n  c a t e g o r i e s  i n v o l v e d  in  the  

t e s t s  w e r e  a d e q u a t e  to a v o i d  a f a l s e  r e s u l t  f r o m  the  c h i - s q u a r e  t e s t  in  a l l  

c l a s s i f i c a t i o n s ,  e x c e p t  fo r  the  0 . 4 4  c a l i b e r  f i r i n g s .  O b v i o u s l y ,  w i t h  too 

few c o n c e n t r a t i o n  c a t e g o r i e s  ( c o n s i d e r  t he  e x t r e m e  c a s e  of  one and  o n l y  

one  c a t e g o r y ,  f o r  e x a m p l e )  a l m o s t  a n y  d i s t r i b u t i o n  d a t a  c o u l d  be a c c e p t e d  

as  n o r m a l .  
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T h e  e x p e c t e d ,  n o r m a l  d i s t r i b u t i o n s  c a n  be v i e w e d  a s  t h e  s m o o t h e d  

d i s t r i b u t i o n s  of  the  o b s e r v e d  d a t a  by  v i r t u e  of  the f o r e g o i n g  f a v o r a b l e  t e s t s .  

T h e s e  s m o o t h e d  d i s t r i b u t i o n s ;  e x p r e s s e d  as  p e r c e n t  of  o c c u r r e n c e  a r e  

g i v e n  in  T a b l e  22. It  w i l l  be  n o t e d  t h a t  a long  e a c h  +45 ° d i a g o n a l  in  T a b l e  

21 the  n u m e r i c a l  s u m  of  the  Sb c o d e  and  Ba code  is  c o n s t a n t ,  w h e r e  i t  i s  

c o n s i d e r e d  t h a t  A = 1, B = 2, C = 3, e t c .  T h i s  n u m e r i c a l  c o n s t a n t  is  d e -  

s i g n a t e d  by  a R o m a n  N u m e r a l  in  T a b l e  22. F o r  e x a m p l e  R o m a n  N u m e r a l  

VII specifies the (Sb, Ba) diagonal (A, F), (B, E), (C, D), (D, C), (E, B), 

(F, A) that appears in Table 21. 

T a b l e  22 

SMOOTHED DISTRIBUTION OF OBSERVATION PROBABILITY 
IN PERCENT, FOR EACH 45 ° DIAGONAL IN TABLE 21 

F i r i n g s ,  W e a p o n  C a l i b e r  
D i a g o n a l  
Category A B D 0.22 0.25 0.38 0.45 9 rnn~ 

H a n d b l a n k  C l a s s  

II 0.6 
III 3.3 
IV 9.4 0 0 0 
V 14.2 0.1 0.4 0.3 
VI 12.6 0.7 0.9 0.6 0 
VII 10.8 2.8 2.2 i. 3 0.4 
ViII 12.0 7.9 4.5 2r 5 0.9 
IX 13.2 {5.9 7.8 4.3 2.2 0 
X II. 0 22.6 ii. 5 6.8 4.5 0.4 
XI 7.3 22.6 14.7 9.4 7.8 0 0.9 
XII 3.5 15.9 15.8 ii.6 0 ii.5 0.4 2.2 
XIII 1.2 7.9 14.7 13.1 0.7 14.7 0.9 4.5 
xrv 0.4 2.8 11.5 13.1 2.8 15.8 2.2 7.8 
XV 0.3 0.7 7.8 Ii.6 7.9• 14.7 4.5 11.5 

XVI 0.1 0.1 4.5 9.4 15.9 II.5 7.8 14.7 
XVII 0 0 2.2 6.8 22.6 7.8 11.5 15.8 
XIX 0.9 4.3 22.6 4.5 14.7 14.7 
XX 0.4 Z.5 15.9 2.2 15.8 {1.5 
XXI 0 1.3 7.9 0.9 14.7 7.8 
XXII 0.6 2.8 0.4 I1.5 4.5 
XXIII 0.3 0.7 0 7.8 2. Z 
XXIV 0 0 4 . 5  0 . 9  
XXV 2 . 2  0 . 4  

XXVI O. 9 0 

XXVII O. 4 
0 
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T h e  p r o b a b i l i t i e s  g i v e n  in T a b l e  22 e n a b l e d  the  c o m p u t a t i o n  of  the  

p r o b a b i l i t y  t h a t  a n y  p a r t i c u l a r  c o m b i n a t i o n  of  Sb and  Ba  v a l u e s  r e s u l t i n g  

f r o m  the  a n a l y s i s  of  a h a n d l i f t  r e p r e s e n t s  a h a n d b l a n k  , ( lack of  f i r i n g ) ,  

w h e r e  t he  h a n d b l a n k  c l a s s i f i c a t i o n  and  c a l i b e r  o f  w e a p o n  a r e  known.  Th i s  

p o i n t  of  v i e w  is  c o n s i s t e n t  w i th  t r a d i t i o n s  of  A m e r i c a n  j u r i s p r u d e n c e  in  t h a t  

i t  t e s t s  the  a s s u m p t i o n  t h a t  the  p e r s o n ,  f r o m  w h o m  a h a n d l i f t  w a s  t a k e n ,  is  

i n n o c e n t .  The  a r r a y  of  t h e s e  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  e a c h  h a n d b l a n k  

c l a s s i f i c a t i o n  (A, B, and  D) in c o n j u n c t i o n  w i t h  0. 22, 0. 25, 0 . 3 8 ,  0 . 4 5 ,  

and  9 m m  w e a p o n s  i s  g i v e n  in T a b l e  23. 

The  i n t e r p r e t a t i o n  d e s c r i b e d ,  w h i c h  is  c o n s i s t e n t  w i t h  the  v a r i o u s  

p h y s i c a l  and  m a t h e m a t i c a l  c o n s i d e r a t i o n s  d e s c r i b e d ,  h a s  the  v i r t u e  of  s i m -  

p l i c i t y  o f  a p p l i c a t i o n .  The  r e s u l t s  of  a g i v e n  h a n d l i f t  a n a l y s i s  m a y  be s i m -  

p l y  c a t e g o r i z e d  and  the  p r o b a b l e  i n n o c e n c e  {of f i r i n g )  c a n  be r e a d  d i r e c t l y  

f r o m  T a b l e  23. 

A m o r e  s o p h i s t i c a t e d  and  m a t h e m a t i c a l l y  r i g o r o u s  m e t h o d  of  i n t e r -  

p r e t i n g  the  g u n s h o t  r e s i d u e  d a t a  is  d e s c r i b e d  n e x t .  

2. A M o r e  R i g o r o u s  M e t h o d  of  I n t e r p r e t i n g  G u n s h o t  R e s i d u e  Data :  

The  Univac  I108 c o m p u t e r  w a s  u t i l i z e d  in a l l  c o m p u t a t i o n s  

a s s o c i a t e d  wi th  the  f o l l o w i n g  t r e a t m e n t .  The  l o g a r i t h m s  of  the  

r a w  Ba  and Sb v a l u e s  w e r e  o b t a i n e d ,  and  a l l  f u r t h e r  c o m p u t a -  

t i o n s  i n v o l v e d  the l o g a r i t h m i c  v a l u e s ,  M e a n  v a l u e s  and  s t a n -  

d a r d  d e v i a t i o n s  t h e r e o f  of  e a c h  e l e m e n t  in  e a c h  c l a s s i f i c a t i o n  

w e r e  o b t a i n e d .  

In the following treatment the values of the two elements, Ba and 

Sb, for a given sample are considered to comprise a vector: i.e. where 

the two elements for the K TM handlift are distinguished by subscripts 1 and 

2: 

Kl(k ~ 
X ( k )  = 
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• .Table l 23 

PROBABILITY. (IN %)- THAT Sb -AND Ba -VALUES FALLING-IN AG IVEN 

CATEGORY REPRESENT A H A N D B L A N K ,  WHERE OCCUPATIONAL 

HANDB LANK CLASS .AND •WEAPON CALIBER ARE SPECiFLED " 

O,• 

.: - 0.2Z Caliber, 

and 
Handblank Clas's 

• D i a g o n a l  . ". 
C a t e g o r y : .  "A " .B - - - .  . 

:'~LI ' ~ ' : - • ..- . 
. . . .  • . . . .  

I l l .  
..-IV > 9 9 ,  5 " 
V 

VI : ~. 
VII :. 
• V I I I  . " ' 
IX 
X 
Xl "'.. 
XII.. • 
XIII 
XIV 
XV 
XVI 
XVII 

D 

X V I I I  . . . . .  , 
X I X  

X X  

97 " 25 " 57 
96 54 • 60 

89  . 6 9  6 3  
83  : 7 6  64 
7 6 '  79  6 6  
62 - 77 63  
44. 73  6 t  
Z3 58 5 8  

9 . t  38 53  
3 . 0  t 8  4 7  
Z .  5 5 .-7 4 0  
1 . t  1 .  t 3z 

< 0 .  fi < 0 . 5  Z4 
t 7  

• 14  
<0.5 

• a n d  : 
Handblank Class 

A B D 

> 9 %  5 > 9 9 . 5  
6 3  9Z 
25 50 

3 . 6  8 .  t 
" 0 . 6 -  0.6 
< 0 .  t <0 .  t 

> 9 9 . 5  
9 6  
8 0  
5 0 .  
22 
8 . 9  
3 . 8  

- 2 . 5  
< 0 . 5  

O. 38. Caliber, 
and 

Handblank Class 

a : B 

> 9 9 1 5  
9 6  
9 3  
8 6  
7 i 
4 8  
2 3  

7 . 6  
Z ' .  

2 . 0  
0 . 9  

<0 .  I 

> 9 9 . 5  

8 8  
9 0  
88 
S3 
7 4  
5 8  
35 
: 5  

4 . 6  

0 , 9  
<0. I 

0 . 4 5  .Caliber,. 
• and 

. Handblank C las s 

D ~ ' .~ A ' i " '_B.. 

. . . . .  

>99. s 
8 5  . 

. 8 3  -.. 
• "?8 

7Z 
6 6  > 9 9 . 5  > 9 9 . 5  
58 90 98 
50 5 7  90 
4 2  t 5  56 
35 6 . 3  t 4  
28 t . 3  i . 3 .  
Z2 <0. S • <0. S 

17 
15 
< 0 . 5  

D 

>99.5 

98 
94. 
84 

• 64 

36 
16 

5.7 
g.5 

<0.5 

9 ,  r a m ,  • 

• and 
Handblank Class- 

A B D 

>99. 5 
96 
89 
61 
21 
4.9 
2.5 
0.7 

< 0 . 1  

>99.5 
98 
96 
88  
64 
26 
5 . 9  

0 . 7  
< 0 . 1  

>99. 5 
97 
94 

89 
77 
60 
41 
24 
11 
5.7 
•3.4 

<o.s 



A m e a n  v e c t o r  i s  c o m p r i s e d  of the  m e a n s  f o r  e a c h  e l e m e n t ,  

T h e  v a r i a n c e  o f  e l e m e n t  no.  l ,  S l l ,  i s  t he  s u m  of  the  s q u a r e s  of  t he  d e v i a -  

t i o n s  of  a l l  v a l u e s  f r o m  the  m e a n  fo r  t h a t  e l e m e n t  d i v i d e d  by n -  1, w h e r e  

n is  t he  n u m b e r  of  s a m p l e s  t a k e n .  T h e  v a r i a n c e  of the  o t h e r  e l e m e n t  i s  

s22 .  T h e  p r o d u c t  o f  t he  s u m m e d  d e v i a t i o n s  of e a c h  e l e m e n t  f r o m  i t s  m e a n ,  

d i v i d e d  by  n -  1, is  d e n o t e d  by s12  o r ,  e q u a l l y  s21 .  

T h e  c o v a r i a n c e  m a t r i x  i s  g i v e n  as  

I S 1 2 ]  

T h e  s t a n d a r d  d e v i a t i o n s  a r e ,  

d e n o t e d  by (~1 a nd  ff2" 

T h e  c o r r e l a t i o n  c o e f f i c i e n t ,  

of  c o u r s e ,  ( S ] l ) ~  and  ( s22)~  , and  a r e  

r ,  is  g i v e n  a s  

r = s 1 2 / ( S l l S 2 2  )~ 

T h e  B V N  ( b i v a r i a t e  n o r m a l )  is  s u c h  t ha t ,  w h e r e  r < + 1 ,  t~ 1 and  

f?2 ¢ 0, and  the  m e a n  v a l u e s  f o r  e a c h  v a r i a b l e  < ~ ,~, t he  j o i n t  d e n s i t y  

f u n c t i o n  is  

1 
f i X l X  2 ) ' "  = 1 o e  

2 ~ 1 ~ 2 ( 1  - r 2 ) :  . 

XI -~1_~ 2 

2( 1-1-r 2 ) ' ~T ) 
_ _  

(2) 
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• T h e  p r o b a b i l i t y  t h a t  a r a n d o m  p o i n t  (X 1, X2) w i l l  l ie  in  any  r e g i o n  R of  the  

X i X  2 p l a n e  ks o b t a i n e d  by i n t e g r a t i n g  the  d e n s i t y  o v e r  t h a t  r e g i o n ,  

P (X 1, X 2) in  R]  = f i r ( X 1 ,  X2)dx2dx 1 
R 

(3)  

The  p o i n t s  (X 1, X2) t h a t  h a v e  a c o n s t a n t  p r o b a b i l i t y  d e s c r i b e  an  e l l i p s e .  

It  w a s  found  t h a t  t he  e l l i p s e s  of c o n s t a n t  P r e p r e s e n t e d  the  d a t a  

r e a s o n a b l y  we l l .  T h a t  i s ,  w h e r e  c u r v e ,  P = 0 .50 ,  w a s  c o m p u t e d ,  i t  w a s  

f o u n d  t h a t  a b o u t  o n e - h a l f  of  t he  e x p e r i m e n t a l  p o i n t s  w e r e  w i t h i n  the  e l l i p s e .  

It  w a s  of  i n t e r e s t  to d e s i g n  a m e a n s  of  t e s t i n g  any  g i v e n h a n d l i f t  

a n a l y s i s  a g a i n s t  the  two h y p o t h e s e s :  (1) tha t  the  r e s u l t s  b e l o n g e d  to the  

s p e c i f i e d  h a n d b l a n k  c l a s s ,  and  (2) tha t  the  r e s u l t s  b e l o n g e d  t o t h e  s p e c i f i e d  

c l a s s  of  w e a p o n  f i r i n g s .  The  m e a n  v e c t o r s  of the  h a n d b l a n k  and w e a p o n  

c l a s s e s  w i l l  be d e s i g n a t e d  D and  V, r e s p e c t i v e l y ;  and  t h e i r  c o v a r i a n c e  

m a t r i c e s  w i l l  be d e s i g n a t e d  ~ and  T .  The  BVN d e n s i t i e s  a s s o c i a t e d  w i th  

: the  two c l a s s e s  in  q u e s t i o n  w i l l  be d e s i g n a t e d  fh'  for  h a n d b l a n k s ,  and  fw' 

f o r  w e a p o n s  (cf.  Eq.  2). 

The  P (X 1, X2) in  R] (pe r  Eq.  3) c an  be c o m p u t e d  w i t h r e f e r e n c e  to 

e i t h e r  fh Or fw'  a n d  the  r e s u l t i n g  P h  and Pw wi l l ,  of  c o u r s e ,  be d i f f e r e n t .  

T h e r e  w i l l  be s o m e  X r e s u l t s  t h a t  wi l l  c l e a r l y  be long  t o  the  h a n d b l a n k  c l a s s  

a n d  s o m e  tha t  b e l o n g  to the  w e a p o n  c l a s s .  H o w e v e r ,  t h e r e  w i l l  be an  a r e a ,  

c a l l e d  the  c r i t i c a l  r e g i o n  C, w h e r e  the  d e c i s i o n  is  m o r e  d i f f i c u l t .  

The  c r i t i c a l  r e g i o n  m a y  be d e f i n e d  as  the  s e t  of  p o i n t s  t ha t  s a t i s f y  

t h e  i n e q u a l i t y :  

X _ 2 (  1 T - 1  1 -1  -- - - .  ) X < k  , (4)  

w h e r e  k is  c h o s e n  s o  t h a t  t h e  p r o b a b i l i t y  ~ of r e j e c t i n g  h y p o t h e s i s  (1) w h e n  

i t  i s  t r u e  is  a s p e c i f i e d  n u m b e r  (e .  g. (~ = 0.01}.  T h e r e  wi l l  t h e n  be a c o r -  

r e s p o n c l i n g  p r o b a b i l i t y  ~ o f  a c c e p t i n g  h y p o t h e s i s  (1) w h e n  it  is  f a l s e .  
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In  t e r m s  o f  E q .  (4),  a i s  c o m p u t e d  b y  i n t e g r a t i n g  fh  o v e r  C, w h i l e  

i s  u n i t y  l e s s  t h e  i n t e g r a l  o f  fw o v e r  C.  

D e s p i t e  t h e  s i m p l i c i t y  w i t h  w h i c h  t h e  p r o b l e m  i s  s t a t e d ,  i t  i s  d i f f i -  

c u l t  t o  s o l v e .  T h e  p r o b l e m  i s  t r a n s f o r m e d  s o  t h a t  C i s  d e t e r m i n e d  b y  t h e  

i n e q u a l i t y  

2 2 
r X  + s X  < c + k 

1 1 

w h e r e  r ,  

t h e r e  a r e  f o u r  c a s e s :  

1. 

2. 

3. 

s ,  a n d  c a r e  f u n c t i o n s  o f  ~ ,  ~ v ,  ~ ,  a n d  T ,  a n d  i t  i s  f o u n d  t h a t  

C i s  i n t e r i o r  o f  e l l i p s e  ( w h e r e  r > 0, s > 0) 

C i s  e x t e r i o r  o f  e l l i p s e  ( w h e r e  r < 0, s < 0 )  

C i s  b e t w e e n  b r a n c h e s  o f  h y p e r b o l a  h a v i n g  a h o r i z o n t a l  o r i e n t a -  
t i o n  ( w h e r e  r < 0 ,  s > 0), a n d  

4.  C i s  b e t w e e n  b r a n c h e s  o f  h y p e r b o l a  h a v i n g  a v e r t i c a l  o r i e n t a -  
t i o n  ( w h e r e  r > 0 ,  s < 0 ) .  

T h e  f i r s t  t w o  c a s e s  m a y  b e  t r e a t e d  w i t h  t h e  a i d  o f  r e l e v a n t  t a b u l a -  

t i o n s .  H o w e v e r ,  no  t a b l e s  e x i s t  to  a i d  in  t h e  t r e a t m e n t  o f  t h e  l a t t e r  t w o  

c a s e s .  A s  a r e s u l t  a g r e a t  a m o u n t  o f  e f f o r t  h a s  b e e n  e x p e n d e d  t o w a r d  t h e  

d e f i n i t i o n  o f  c r i t i c a l  a r e a s  f o r  t h e  c l a s s e s  t r e a t e d  in  t h e  e x p e r i m e n t a l  

p r o g r a m .  A c o m p u t e r  p r o g r a m  ( B V N ) ,  w a s  w r i t t e n  to  c a r r y  o u t  n e c e s s a r y  

n u m e r i c a l  i n t e g r a t i o n s  to  s o l v e  t h e s e  d i f f i c u l t  c a s e s .  

T h e  r e s u l t s  o f  t h e  c a l c u l a t i o n  a f  t h e  e r r o r  p r o b a b i l i t i e s  {2 a n d  

a r e  g i v e n  in  T a b l e  24. 
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T a b l e  24 

E R R O R  PROBABILITIES F O R  G U N S H O T  R E S I D U E  D E C I S I O N  P R O C E D U R E  

, 0  

HO 

A handblanks 
A handblanks 

A handblanks 

A handblanks 
A handblanks 

B h a n d b l a n k s  
B h a n d b l a n k s  
B h a n d b l a n k s  
B h a n d b l a n k s  
]3 h a n d b l a n k s  

C h a n d b l a n k s  
C h a n d b l a n k s  
C h a n d b l a n k s  
C h a n d b l a n k s  
C h a n d b l a n k s  

D handblanks 

D handblanks 
D handblanks 

D handblanks 

D handblanks 

HI k A 

0. 22 r e v  3. 125 0. 014 0 . 7 5 1  
0. 22 a u t o  1. 563 0. 007 0. 519 
0. 25 a u t o  11. 25 0. 011 0. 046 
O. 38 r e v  1. 563 O. 008 0..483 
O. 45 a u t o  20. 312 O. 008 O. 001 

0. 22 r e v  -14 .  063 0. 010 0.4(i5 
0. 22 a u t o  -15 .  63 0. 010 0. 6(i2 
0. 25 a u t o  -20 .  188 0. 013 0. 842 
0. 38 rev -i0. 938 0. 011 0. 828 
0. 45 auto - i0. 938 0. 006 0. 840 

0. 22 r e v  15. 741 0. 007 0. 819 
0. 22 au to  12. 5 0. 010 0. 704 
0. 25 a u t o  28, 125 0. 015 0. 007 
0 . 3 8  r e v  0. 0 0. 005 0. 542 
0 . 4 5  a u t o  25. 0 0. 006 0. 001 

0. 22 r e v  0. 009 0. 954 
0. 22 a u t o  -2.  344 0. 011 0.9,65 
0. 25 auto -8. 339 0. 010 0. 436 

0.38 rev -3. 486 0. 010 0. 999 
0.45 auto 2. 643 0, 013 0. 263 

C r i t i c a l  R e g i o n  

H y p e r b o l i c  ( p a r t i a l ,  y = 11. 88) 
H y p e r b o l i c  ( p a r t i a l ,  y = 3 . 3 4 )  
E l l i p t i c  ( i n t e r i o r )  
H y p e r b o l i c  ( p a r t i a l ,  y = 4 0 . 4 9 )  
E l l i p t i c  ( i n t e r i o r )  

H y p e r b o l i c  ( p a r t i a l ,  y = 2 . 5 5 )  v e r t i c a l  
H y p e r b o l i c  ( p a r t i a l ,  N = 1. 12) 
E l l i p t i c  ( i n t e r i o r )  
H y p e r b o l i c  ( p a r t i a l ,  y = 1. 73) 
H y p e r b o l i c  ( p a r t i a l ,  y = 2 . 4 6 ) v e r t i c a l  

E l l i p t i c  ( e x t e r i o r )  
E l l i p t i c  ( i n t e r i o r )  
H y p e r b o l i c  ( p a r t i a l ,  y = 2. 74) 
E l l i p t i c  ( e x t e r i o r )  

Elliptic (interior) 
Hyperbolic (partial, y = i. 32) 
Elliptic (inte rio r) 

Elliptic (interior) 
Elliptic (interior) 



4. 4 C O N C L U S I O N  

With the successful interpretation of data associated with the hand- 

blank and weapon classifications to achieve probabilit 7 tables, the chief 

goal of the program with respect ~to gunshot residues has been met. The 

TNAA method has been established as the most useful tool for the crirnina- 

list who wishes to establish whether or not a person has fired a Weapon, 

since the method now far surpasses any other in itsf0undation of experi- 

mental data and the confidence with which case data may be inte'rpreted. 

Results that clearly belong to the class of handblanks or to the 

class of firings, and:results for which less clear-cut ,interpretations are 

p o s s i b l e ,  a r e  e a s i l y  d i s c e r n e d  in  T a b l e  23.  T h e  B V N  t r e a t m e n t  d e f i n e s  

t h e  d e c i s i o n  P r o C e d u r e  in  the  l e s s  c l e a r - c u t  c a s e s ,  a n d  a s s i g n s  e r r o r  

e s t i m a t e s  t o  th'e t w o  p o s s i b l e  d e c i s i o n s  , a s  s h o w n  in  T a b l e  24. 
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5.  BU LLET•  I D E N T I F I C A T I O N  

5. 1 I N T R O D U C T I O N  

B u l l e t  i d e n t i f i c a t i o n  m e t h o d s  a r e  of i m p o r t a n c e  to c r i m i n a l i s t s ,  

and  t h e i r  c h i e f  t001 - s t r i a t i o n  c o m p a r i s o n  - i s  s o m e t i m e s  i n a p p i i c a b l e  

b e c a u s e  of  b u l l e t  i m p a c t  d a m a g e ,  u se  of a s m o o t h  b o r e  w e a p o n ,  o r  s o m e  

o t h e r  r e a s o n .  T h e r e f o r e ,  if~was d e c i d e d  to e x p l o r e  the  p o s s i b i l i t y  t ha t  

N A A  m i g h t  d i s c l o s e  de f in i t iVe  i d e n t i f i C a t i o n  p o i n t s  • in b u l I e t  l e a d s .  • 

The  s t u d i e s  c a r r i e d  ou t  w e r e  a i m e d  a t  i d e n t i f y i n g  t h o s e  e l e m e n t s  

t h a t  m i g h t  m o s t  u s e f u l l y  b e  i d e n t i f i e d  by p u r e l y  i n s t r u m e n t a l  NAA in  a 

l a r g e  and v a r i e d  s a m p l i n g  of  bul le t s , •  de f in ing  t h e  r a n g e  o f  c o n c e n t r a t i o n s  

o f  t h o s e  e l e m e n t s  in  the  • sample ,  a n d  a s c e r t a i n i n g  the  c o n c e n t r a t i o n  u n i -  

f o r m i t y  of  the  e ! l emen t s  w i t h i n  s i n g l e  bu l l e t s ,  s ing le  b o x e s  o f  b u l l e t s ,  and  

s i n g l e  10 t  s o f • b u l l e t s .  O b v i o u s l y ,  i f  t h e  c o n c e n t r a t i o n  v a r i a n c e s  w i t h i n  a 

box of  b u l l e t s  a p p r o a c h e d  t h e  v a r i a n c e s  o v e r  the  s a m p l i n g  of  d i f f e r e n t  

k i n d s  of  b u l l e t s ,  t r a c e  e l e m e n t s  wou ld  not  be p a r t i c u l a r l y  u s e f u l  ident i f ica- -  

t i o n  p o i n t s .  R a t h e r  i t  w a s  h o p e d  tha t  .g rea t  u n i f o r m i t y  w o u l d  be found  w i t h -  

in  a t  l e a s t  s i n g l e  b u l l e t s  a n d  s i n g l e  boxes  Of bu l l e t s  w h i l e  g r e a t  d i v e r s i t y  

w o u l d  b e  found  a m o n g  b u l l e t s  of. d i f f e r e n t  l o t s .  

Radiochernical separation t e c h n i q u e s  w e r e  n0t  e m p l o y e d  in  t he  

s t u d y  due  to c o n s t r a i n t s  o f  t i m e  and  m o n e y .  

5 . 2  EXPERIMENTAL AND RESULTS 

B Qllets were cleaned of any surface coatings. Organic lubricant 

was removed with toluene; jackets or metallic coatings were removed 

w i t h  d i i u t e  n i t r i c  a c id ,  and  ox ide  l a y e r s  w e r e  r e m o v e d • f r o m  t h e  l e a d  by~ 
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s c r a p i n g  w i t h  a c l e a n ,  s t a i n l e s s  s t e e l  b l a d e .  Th in ,  ~ O° 5 r a m ,  s l i c e s  

w e r e  t a k e n  f o r  a n a l y s i s ;  the  w e i g h t s  of  s u c h  s l i c e s  d e p e n d e d  on t h e i r  

a r e a s  and  v a r i e d  f r o m  .~ 10 mg to -~ 150 m g  ~among the  v a r i o u s  s a m p l e s .  

The  e q u i p m e n t  u s e d  f o r  i r r a d i a t i o n  and  c o u n t i n g  c o n s i s t e d  of  the  

p r e v i o u s l  F d e s c g i b e d : T R I G A  r e a c i 0 r  and NaI(T1) and  G e ( L i )  e q u i p p e d  

g a m m a - r a y  s p e c t r o m e t e r s .  Bo th  s h o r t  (g 1 m i n u t  e ) and  long (~ 30 m i n -  

u t e s )  i r r a d i a t i o n s  w e r e  u s e d ,  w i t h  s u b s e q u e n t  and  c o m m e n s u r a t e  c o u n t i n g  

p e r i o d s .  

P r e l i m i n a r y  e x p e r i m e n t s  w i t h  a w i d e  v a r i e t y  of  b u l l e t s  k n o w n  to 

be d i f f e r e n t  by v i r t u e  of m a n u f a c t u r e ,  lot  n u m b e r ,  o r  o t h e r  f e a t u r e  u s e d  

w i t h  s h o r t  i r r a d i a t i o n  and  c o u n t i n g  c y c l e s ,  i n c l u d e d  NaI(T1) s p e c t r o m e t r y .  

The  e l e m e n t  m o s t  c o m m o n l y  e n c o u n t e r e d  and  m o s t  p r e c i s e l y  d e t e r m i n e d  

w a s  a n t i m o n y .  B e c a u s e  the  r a d i o i s o t o p e s  p r o d u c e d  f r o m  t h i s  e l e m e n t  

u s u a l l y  d o m i n a t e d  the  g a m m a - r a y  s p e c t r a ,  o n l y  a few o t h e r  e l e m e n t s  

w e r e  o c c a s i o n a l l y  d i s c e r n e d  (and t h e s e  w i t h  p o o r e r  p r e c i s i o n ) .  N e v e r t h e -  

l e s s ,  the  d a t a ,  w h i c h  a r e  s h o w n  in T a b l e  25, i n d i c a t e d  e n c o u r a g i n g  d i f -  

f e r e n c e s  a m o n g  d i f f e r e n t  b u l l e t s .  ' 

l n t r a b u l l e t  u n i f o r m i t y  of a n t i m o n y  c o n c e n t r a t i o n  w a s  e x p l o r e d  by 

a n a l y z i n g  c o n s e c u t i v e  s l i c e s  t a k e n  f r o m  the  o u t e r  p a r t s  to the  C e n t e r  of  

b u l l e t s  f r o m  t h r e e  m a n u f a c t u r e r s  and  of a l e a d  w i r e  f r o m  w h i c h  b u l l e t s  

a r e  m a d e .  As c a n  be s e e n  in T a b l e  26, the  u n i f o r m i t y  w a s  f o u n d  to be  

good .  

W h e n  a m u l t i p l i c i t y  of  b u l l e t s  f r o m  e a c h  box  of  s e v e r a l  k i n d s  of  

b u l l e t s  w e r e  a n a l y z e d ,  i t  w a s  found  t h a t  the  i n t r a b o x  u n i f o r m i t y  w a s  as  

g o o d  a s  t he  i n t r a b u l l e t  u n i f o r m i t y .  Th i s  is  s h o w n  in T a b l e  27. 

B e c a u s e  t he  d a t a  in  T a b l e s  25, 26, and  27 w e r e  p r o m i s i n g ,  an 

e x t e n d e d  s t u d y  w a s  m a d e  in the  p r e s e n t  r e p o r t  p e r i o d .  A s u r v e y  of  c r i m -  

i n a l i s t s  s h o w e d  t h a t  t h e y  m o s t  f r e q u e n t l y  e n c o u n t e r e d  c a s e s  i n v o l v i n g  

0. 2 2 - c a l i b e r  and  0 . 3 8 - c a l i b e r  b u l l e t s ,  w i th  0 . 3 2 - c a l i b e r ,  0 . 4 5 - c a l i b e r ,  
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T a b l e  25 

E X A M I N A T I O N  O F  B U L L E T S  K N O W N  T O  B E  F R O M  

D I F F E R E N T  L O T S  

B u l l e t s  C o n c e n t r a t i o n  of E l e m e n t s  in Lead  
C a l i b e r  Make  Sb, % W O t h e r ,  ppm 

0 . 4 5  K r a s n e  ( r e l o a d )  
0 . 4 5  H e n s l e y  and G ibbs  • 
0 . 4 5  M i l i t a r y  
0 . 3 8  H e n s l e y  and  G i b b s  
0 . 3 8  U , S .  C a r t r i d g e  Co.  
0 . 3 8  U . S .  C a r t r i d g e  Co.  
0 . 3 8  U n i o n  M e t a l l i c  (UMC) 
0 . 3 8  R e m i n g t o n  -UMC 
0 . 3 8  R e m i n g t o n - U M C  
0 . 3 8  R e m i n g t o n - U M C  
0 . 3 8  P e t e r s  
0 . 3 8  P e t e r s  
0 . 3 8  R e m i n g t o n - P e t e r s  
0 . 3 8  R e m i n g t o n - P e t e r s  
0 . 3 8  R e m i n g t o n  
0 . 3 8  W e s t e r n  
0 . 3 8  W e ' s t e r n  
0 . 3 8  W e s t e r n  
0 . 3 8  W i n c h e s t e r  
0. 38 W i n c h e s t e r  
0 . 3 8  W i n c h e s t e r  
0 . 3 8  W i n c h e s t e r  
0 . 3 8  W i n c h e s t e r  
0 . 3 8  W i n c h e s t e r  
0 . 3 8  F e d e r a l  
0 . 3 0  R e m i n g t o n  
0 . 3 0  S i e r r a  
0 / 3 0  N o s l e r  
0 . 2 2  H o r a a d y  
0 . 2 2  L a p u a  
0,22 Sears 
0.22 Imperial 
0.22 Peters 
0.22 Remington 
0.22 Western 

0.22 Crossman 

t . 0 0  
2 .80  

• <0. 007 
4 . 4 0  

<0. O03 
t . 5 5  
0 .082  
0 .013  
t . 7 6  
2 .07  
t .  94 
2 .99  
0 .92  
0 .87  
0 .85  a 
2 59 a 
3 O0 

0 044 
0 O76 
3 O 9  
I 38 
t 4 7  
1.55 
1.23 
1..89 
t . 2 0  
3. t0 
2 . 2 0  
3 .50 
I.  22 b 
1,. 26 (: 
0 .99  c 
0 .87  c 
0 .85  c 
0 .54  

<0.02 

5600 Sn; t5  A1 
t0 AI 
t t  A1 
3400 Sn:  75 AI 
87 Ag 
0 .67  Ag 
2 .2  Ag; 2 2 , 0 0 0  Sn;  2 . 2  As  
2 . 6  Ag;  t 6 , 0 0 0  Sn;  27 As  
4 . l A g  
8 . 8 A g  
7 . 6 A g  
0 .77  Ag 
3 . 6 A g  
3. t A g  

2 . 6 A g  
t t . 5  Ag 
t 6 . 0  Ag;  167 A,s 
4 . g A g  
0 . 5 6  Ag 
0 . 5 6  Ag 
3 . g A g  
1 .8  Ag; 3t  As  

12 AI 
5 .3  A1; 2 t 0 0  Sn 
6 .5  AI 
5 .4  AI 
1 . t  A1; 1 0 , 4 0 0  Sn;  <5 As 
t . 3  A1; t ,  800 S n ;  285 A s  d 
< 4 A s  
345 As 

78 As 
39 A g  

a 
A v e r a g e  of 10 b u l l e t s  f r o m  a s i n g l e  box .  

b A v e r a g e  of 50 b u l l e t s  f r o m  a s i n g l e  box.  

C A v e r a g e  of 20 b u l l e t s  f r o m  a s i n g l e  box.  
d 

A v e r a g e  of 5 b u l l e t s  f r o m  a s i n g l e  box.  
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T a b l e  26  

COUNT R A T E  DATA OBTAINED FROM M U L T I P L E  SAMPLES FROM SINGLE 
B U L L E T S  { 0 . 3 8 - C a l .  ) AND A B U L L E T  WIRE {0. 22-Cal .  ) 

(7- 

I 

2 
3 
4 

5 
6 

7 
8 

9 
I0 
II 
12 

Sample  

Specific Activity, cpm/mg, of Individu_____al Samples a 
N o r t o n  N o r m a  

(Wire)  (Wire)  R e m i n g t o n  W e s t e r n  
Sec t ion  t Sec t ion  2 (Bullet)  (Bullet)  

F e d e r a l  
(Bullet)  

( o u t e r m o s t )  

Avg. 5450 1177.1 1033.9 
~, % of value ~3.85 ~1.98 ±2.36 

5140 5346 I142.1 I138 1070 
5721 5428 1069.6 1200 1054 
5363 5573 t t 4 9 . 8  t195 1005 
5.235 5561 1085.5 1195 999 
5560 565t  t 1 5 5 . t  1185 t040 
5359 5461 1162.i I155 I040 

5545 5522 I162.1 I195 1033 
5681 (center) 5288 1108.4 1150 1060 

5700 t t 0 3 . 6  t t 9 5  995 
5332 t 1 3 9 . t  t163 ( c e n t e r )  1043 ( c e n t e r )  
5650 1078.5 
5547 ( cen t e r )  t t 2 4 . 2  ( c e n t e r )  
5505 t t 2 3 . 2  
±2.50 ~2.85 

aNet  c p m  in the Sb 122 0~.564 Mev pho topeak  per  mg of s a m p l e .  I n a s m u c h  as  d i f f e r e n t  c o u n t e r s  
and g e o m e t r i e s  w e r e  uised, the a v e r a g e  spec i f i c  a c t i v i t i e s  canno t  be used to judge  the r e l a t i v e  
Sb c o n c e n t r a t i o n s :  e . g . ,  f r o m  Tab le  25 Avg.  Sb in 0 .38  W e s t e r n  was  2 .59%, whi le  Avg.  Sb in 
0 .38  R e m i n g t o n  was  0.185%. 



Table  27 

UNIFORMITY OF ANTIMONY CONGENTRATION AMONG 
BULLETS TAKEN FROM SINGLE BOXES 

Or- 
Or- 

C a l i b e r  

Bullet 

Make  
No.  of B u l l e t s  

Sampled  f r o m  Box: 
Antimony C onc entration 

A v g .  %w Std. D e v i a t i o n ,  °~ow 

0.38 
0.38 

0.22 

0.2Z 
O .~2-2 

0.22 

0.22 

R enlingto~ 10 0.85 
Western i0 2.59 

Lapua 50 i 22 a 

• S e a r s  20 t .  26 a 
I m p e r i a l  20 0 .99  
P e t e r s  • 20 0 .87  
R e m i n g t o n  : 20 0 .85  

aAl so  found : S n  ; 

AI: 

t . 0 4 % ; i n  L a p u a ,  0.18% in S e a r s .  
1 .09 ppm ir£ Lapua ,  t . 2 5  ppm: in  S e a r s .  

±0 .02  
:t:O. t0 
• 0 .04  
+0 .03  
+ 0 . 0 4  
± 0 . 0 8  
+ 0 . 0 4  

! '  ! 



O. 44-caliber, 9 ram, O. 25-caliber, O. 357-caliber, and 12 g a u g e  shotgun 

projectiles less frequently encountered. Therefore, a bullet sampling 

approximately corresponding to the survey results was taken as follows: 

0.22 caliber - 

0. 38 caliber - 

0. B2 caliber 

0 . 4 5  c a l i b e r  - 

0 . 4 4  c a l i b e r  

9 m m  

O. 357 caliber - 

Oo 25 caliber - 

12 gauge 

70 b u l l e t s  f r o m  21 d i f f e r e n t  l o t s  

72 b u l l e t s  f r o m  26 d i f f e r e n t  l o t s  

23 b u l l e t s  f r o m  10 d i f f e r e n t  l o t s  

6 b u l l e t s  f r o m  

11 b u l l e t s  f r o m  

15 b u l l e t s  f r o m  

9 b u l l e t s  f r o m  

5 b u l l e t s  f r o m  

3 d i f f e r e n t  l o t s  

3 d i f f e r e n t  l o t s  

3 d i f f e r e n t  l o t s  

3 d i f f e r e n t  l o t s  

1 lo t  

9 p r o j e c t i l e s  f r o m  5 d i f f e r e n t  l o t s  

The  i n i t i a l  2 4 2  b u l l e t s  a m o n g  75 d i f f e r e n t  l o t s  a r e  l i s t e d  in  T a b l e  98. In 

T a b l e  28 a l l  R e m i n g t o n ,  R e m i n g t o n - P e t e r s ,  and  P e : t e r s  b u l l e t s  a r e  l i s t e d  

as f'Rem"; all Winchester, Winchester-Western, and Western bullets are 

listed as t'W-Wt'; Federal Cartridge Co. bullets are listed as ~'Fed"; and 

Olin-Mathieson bullets are listed as 'wOlin'L 

In the earlier work aluminum, silver, and (with lesser frequency) 

tin had been sometimes observed soon after a short irradiation. However, 

since the Chief aluminum indicator radioisotope, 28AI, is generated from 

silicon also, and since silicon is abundant in the environment, it was felt 

that 28AI was of dubious use. Especially wherever a bullet impacted a 

dirty object, silicon could become embedded in the bullet or a fragment 

t h e r e o f .  

C o n s i d e r a b l e  e f f o r t  w a s  e x p e n d e d  t o p e r m i t  s i l v e r  to  b e  d e t e r -  

m i n e d  in  the  p r e s e n c e  of  a n t i m o n y .  H o w e v e r ,  t he  p r e c i s i o n  of  s u c h  

d e t e r m i n a t i o n s  p r o v e d  to  be  r e l a t i v e l y  p o o r .  T in  c o u l d  o n l y  be  o b s e r v e d  

w h e n  a n t i m o n y  w a s  a t  v e r y  low c o n c e n t r a t i o n  in  b u l i e t  l e a d .  
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S a r n p I e  

T a b l e  28 

B U L L E T S  A N A L Y Z E D  IN E X T E N D E D  S T U D Y  

I d e n t i f i c a t i o n  Numbers 

Mfg. Caliber L o t  No. I n d e x  No. 

1 - 5 R e m  

6 - 10 F e d  
1 1 - 1 5  W - W  

. 1 6 - 2 0  W - W  

2 1 - 2 5  '. W - W  

26-30 F e d  
3 1 - 3 4  W - W  

3 5 - 3 9  R e i n  
40 - 4 4  R e i n  
45-49 W - W  
5 0 - 5 4  W - W  
55 -56 R e i n  
57-58 Rein 

59 R e i n  
60 R e i n  

61 R e m  
62 R e n l  

63 R e i n  

64 R e i n  

65 R e m  

6 6 - 6 7  R e m  

6 8 - 6 9  W - W  
7 0 - 7 i  W- W 

72-74 Fed 

7 5 - 7 6  R e i n  
77-78 R e i n  

7 9 - 8 1  R e i n  
8 2 - 8 4  R e m  

• 38 S&W 6 2 7 N  

• 38 S p e c i a l  F P C 5 1 5 K C  
. Z2 L R  C D 7 I  

• 38 S&W 9 3 9 7 Y A 5  
• ZZ S h o r t  B L 4  

• 22 L R  L F 4 J  C 
• 22 L R  B K 7 2  

• 25 Auto L I  5 Z D  
9 mm Luger JZ3A 

9 mm Luger 45BC51 

9 r n m  L u g e r  3 3 B F 7  

• 38 S p e c i a l  N 0 6 D  3841 
• 38 S p e c i a l  P 0 7 G  3841  
• 38 S p e c i a l  P 0 7 G  3 8 4 t  

• 38 S p e c i a l  P 0 7 G  3 8 4 t  
• 38 S p e c i a l  P 0 7 G  3841 
• 38 S p e c i a l  N 0 6 D  3841 

• 38 S p e c i a l  K 2 9 H  3841 

• 38 S p e c i a l  N 0 6 D  3841 

• 38 S p e c i a l  K 2 9 H  3841 
• 38 S p e c i a l  M 2 4 R  

• 38 S p e c i a l  3 5 2 8 B E 6  3 8 5 3 P  

• 38 S p e c i a l  5 7 B K 7  3 8 S M R P  
• 38 S p e c i a l  C S 2 0 K C  3 8 A  

• 38 S p e c i a l  R A 5 2 8 9  M41  
• 380 A u t o  0 2 1 C  1239  

• 44 R e i n  M a g  H 0 9 H G 2 3 L D  4 4 1 t  
• 44  R e i n  Ma~  H 0 9 H H 0 5 S D  

B o x  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
2 
3 

4 
Z 

1 
3 

2 
1 
1 
1 
1 
1 
t 
1 
t 

Remarks 

Cu coat 

C u  c o a t  

C u  c o a t  

Cu coat 

C u  c o a t  

C u  c o a t  
C u  C o a t  
C u  c o a t  

Cu  coat 
Cu coat 

Cu coat • 

Cu coat 

Half-jac ket 

H a L f - j a c  k e t  
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S a m p l e  

85-87  
88-90  
9 1 - 9 3  
94 -96  
97 -98  
99 

100 
101 
102 
103 
104 
105 
106-108 
1 0 9 - t l l  
1 t 2 - 1 1 4  
115 
116 
117 
118 
119 
120 
121 -122 
123 
124 
125 
126 
127 
128 
129-130 

Rein 

Rein 

Rein 

Rem 

Rem 

Rem 
Rein 

Rem 

Rem 

Rem 
Rem 

Rem 
Rein 

Rein 

Rein 

Rem 

Rein 

Rein 

Rein 

Rein 

Rem 

Rein 

Rein 

Rein 

W-W 

W-W 

W-W 

Rein 

Rem 

C a l i b e r  

• 44 S& W Spcl. 

• 44 SgtW Spcl. 
.22 LR 

• 22 LR 
22 LR 

22 LR 

22 LR 

22 LR 

22 LR 

22 LR 

22 LR 

22 LR 

357 Magnum 

357 M~gnum 

357 Magnum 

357 Magnum 

357 Magnum 

357 Magnum 

357 Magnum 

357 Magnum 
i 

357 Magnum 

357 Magnum 

357 Magnum 

357 Magnum 

45 Auto 
45 Auto 
45 Auto 
45 Auto 
2 Gage Slugs 

Tab le  28 (Cont inued)  

I d e n t i f i c a t i o n  N u m b e r s  
Lot No. Index No. 

Mil E-20P 4405 

MII E-ZOP 4405 

Unknown 2224 

Unknown 2224 

Unknown 2224 
Unknown 2224 

Unknown 2224 

Unknown 2224 

Unknown 2224 
Unknown 2224 
Unknown 2224 
Unknown 2224 ' 

i 1 P- P09D 3578 

I I P-NI4P 3578 

I IP- P09D 3578 

I ! P- P09D 3578 

I I P- P09D 3578 

1 1 P- P09D 3578 

I I P- P09D 3578 

IiP-P09D 3578 

i I P- P09D 3578 

I I P-KZ9ED 3578 

I IP-NI4P 3578 

I I P-N|4P 3578 

53-33BE01 45ALP 

53-33BE01 45AIP 
53-33BE01 45ALP 

23PNI3A 4504 

BN22NI 7 PSi 2RD 

B o x  

I 

2 

I 

2 

3 

4 
5 

6 

7 

8 

9 
I0 

I 

i 

2 
3 

4 

5 

6 

7 

8 
i 

2 

3 

I 

2 
3 

i 

i 

R e m a r k s  

H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c  ket  
H a l f - j a c k e t  
H a l f - j a c k e t  
H a l f - j a c k e t  
Hal f -  jac  ke t 
H a l f - j a c k e t  
Coppe r  c o s t  
Copper  c o s t  
Copper  cos t  

Rif led,  2 3 /4  inch 
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S a m p l e  

131 
132 
133 
134-135  
i36  
137 
138-139  
140-141 
t43  
144 
145 
146 
147 
148 
1.49+...~ 
150 
1 5 i - 1 5 2  
i :53-154 
i 5 5 - 1 5 6  
i 5 7 - i 5 8  
159-160  
i 6 i  
162 
163-165  
166 
167 . 
168 
169 
170 

R e i n  
W-W 
W - W  
W - W  
R e i n  
R e i n  
S p e e r  
S p e e r  
S p e e r  
Speer 
Rein 
W-W 
Rein 
W-W 
W-W 
Rein 
Rem 
W-W 
W-W 
Olin 
Rein 
W-W 
W-W~ 

Rein 
Rein 
Rem 
Rem 
Rein 
Rein 

T a b l e  28 ( C o n t i n u e d )  

I d e n t i f i c a t i o n  N u m b e r s  
Caliber Lot No. Index No. 

12 Gauge Slugs ANZ2NI7 PSIZRS 
12 G a u g e  Slugs  RI  IBD81 S X 1 2 P R S  
12 G a u g e  Slugs  R l  1BD81 S X t Z P R S  
IZ Gauge Slugs G62YL42 SXI2PRB 
12 Gauge Slugs ANI2PI8 PS!Z-3 3/4-00 Bk 
12 Gauge Slugs ANIZi£18 PS12-3 3/4-00 Bk 
• 38 Special 91000{ 3748 
• 38 Special 03003 3758 
• 38 Special 03005 3752 
, 38 Special 03002 3757 
• 22 S h o r t  U n k n o w n  

22 S h o r t  U n k n o w n  
22 S p e c i a l  U n k n o w n  
22 S p e c i a l  Unknown  
22 S p e c i a l  U n k n o w n  , 
22 Special U n k n o w n  
32. Short R.F. 321A45 
32 S&W U n k n o w n  
32 S&W U n k n o w n  
45 Ball WRA2.2690 
38 Auto 242 1438 
38 CNP 36-2.5TD3 W38CNP 
38 CNP Unknown 

38 Special LI9B 3841 
38 Special LI9B 3841 
38 Special LI9B 3841 
38 Special LI9B 3841 
38 Special LI 9B 384I 
38 Sl~ecial L 19B 3841 

B o x  

1 
! 

2 
1 
1 
2 
i 
i 

i 
1 
1 
1 
1 
1 
1 
l 
1 
t 
i 
! 

1 
1 
1 
l 

2 
3 
4 
5 
6 

R e m a r k s  

R i f l e d ,  2 3 / 4  i n c h  
R i f l e d ,  2 3 / 4  i n c h  
R i f l e d ,  2 3 / 4  i n c h  
00 B u c k s  ho t  
00 B u c k s  ho t  
00 B u c k s  ho t  

C o p p e r  c o a t  
H a l f - j a c k e t  
C o p p e r  c o a t  

Copper c o a t  
S u p e r - X  

' C o p p e r  c o a t  

! ' • 



S a m p l e  

171 -173.  Re in  
174 R e m  
175 Re in  
176 Rein  
177 Rein  
178 Rein  
179 -18 !  R e m  
1 8 2  - 184 Rein  
185-186  W-W 
t 8 7 - 1 8 8  W-W 
1 8 9 - 1 9 0  R e m  
191-192  R e m  • 
1 9 3 - 1 9 4  Rein  
195-1q6  Re in  

197 Re in  
198-200  W-W 
2 0 t - 2 0 3  W-W 
204-205 W-W 
206-207 Rem 
2 0 8 - 2 1 0  Ren~ 
2 1 1 - 2 1 3  Rc.m 
214-21  b F e d  
2 1 7 - 2 t 9  W-W 
2 2 0 - 2 2 2  W-W 
2 2 3 - 2 2 4  W-W 
2 2 5 - 2 2 7  Rem 
228-230 W- W" 

231 W-W 
232-234 W-W 
235-237 V¢-W 
238-239 Rein 
240-242 Rein 

T a b l e  28 (Cont inued)  

I d e n t i f i c a t i o n  N u m b e r s  
C a l i b e r  Lot  No. Index No. 

38 Spec ia l  J 0 9 P  3841 
38 Spec ia l  J 0 9 P  3841 
38 Spec i a l  J 0 9 P  3841 
38 Spec ia l  J09P 3841 
38 Spec i a l  J 0 9 P  3841 
38 Spec i a l  J 0 9 P  3841 
32 S&W 4 R - M 1 7 C  113Z 
32 S&W 3 R - J 3 0 N  1232 I 

38 S&W 7 6 - 5 8 R Z 3 t  W38SWp 
38 S&W Unknown K3872T 
38 S&W 3TYZ5M127 3822- 
38 S&W 3 T P 2 7 E 1 6 5  2338 
38 S&W 9RG2 7N 

. 3 2  S&W I R J I O U  1132 

32 S&W Unknown 
32 S&W 112140 K32727 I 

32 S&W A4822 K3272T 
32 AUto 886A8 32AP 
32 AUto LZ2ED 2632 
32 Shlort co l t  ZZ21 1632 
22 Shlor t J 1 2 P 2 D  
22 Short 5g4C 701 

22 Shlor t XB82 SX225 
22 Shbr t  WK72 XP225 
22 Shor t  WK72 XP225 
22 Shor t  EI453F 

22 LR XB12 XPZ2LR 
22 LR XB12 XP22LR 
22 LR WCC6262TB51 XPZ2LR 
22 LR YC2 SX22LR 
22 LR LOIRZB 2224 
22LR WZ4A2B 1522 

Box 

I 

2 

3 

4 
5 
6 
I 

I 
l 

i 

I 

I 
! 

1 

I 
! 

1 

I 
I 

I 

l 

1 
i 

I 

2 
I 

I 

2 
i 
I 

I 

I 

Remarks 

Copper coat 
Copper coat 



In v i e w  o f  t h o s e  c o n s i d e r a t i o n s ,  the  l a r g e r  s u i t e  o f  s a m p l e s  w a s  

a n a l y z e d  u s i n g  the  l o n g e r  a n a l y s i s  c y c l e  and a 35 cc  G e ( L i )  d e t e c t o r .  

Th i s  p r e c l u d e d  o b s e r v a t i o n  of  A g ,  ~Al,,and Sn, bu t  i t  e n h a n c e d  t he  p o s s i -  

b i l i t y  of seeing other, perhaps more!,~seful, elements . . . .  
• ,~ i • . ., \ . , 

A few mlcroscopzc partlcles oflsllver remalned on a few of the 

earlier sa,Tlples analyzed, and in a fewlinstances the gamma-ray spe c- 

tr0meter inalfunctioned. However, analytical results were obtained for 
( 

233 samples. In almost every case antimony was determined. Copper 

was determined in a majority of samples, and arsenic was frequently de- 

termined. These results are given in Table 29. 

5.3 DISC USSION 

The  . . ea r l i e r  r e s u l t s  i n d i c a t e d t h a t  . . . .  bul le ts ,  w e r e  U n i f o r m  in  a n t i m o n y  

u , L  a n  , ~ L ~ z - a o u x . ~  o z "  , , , ~ , , ~ o u J , . u a ~ . ~  ~ u  a ~ L a n u a ~ : u  uvvzaLzon of about +3% i 

of the value. The more extensive study permitted further evaluation of 

intrabox uniformity plus an evalhation Of intralot uniformity (where bullets 

from different boxes,of a given lot we're compared.(see Table 28). Th e 
: :~ : . .... 

intrabox results are summarized in Table ,30. " 

The  i n t r a l o t  u n i f o r m i t y  w a s  found  to be  4-4% of t he  v a l u e  f o r  

a n t i m o n y  ( e x c e p t  w h e r e  the  Sb c o n c e n t r a t i o n  w a s  < 0 . 1 %  w) ,  ±23% o f  the  

v a l u e  f o r  c o p p e r ,  and ~44% of  the  v a l u e  fo r  a r s e n i c  ( s e e  T a b l e  31) .  T h u s ,  

by  r e a s o n  of  i n t r a l o t  u n i f o r m i t y  p l u s  f r e q u e n c y  and p r e c i s i o n ,  o f  d e t ' e r -  
, . . . , . 

m i n a t i o n ,  • a n t i m o n y  is  t he  m o s t  u s e f u l  e l e m e n t  fo r  i d e n t i f i c a t i o n  p u r p o s e s .  

C o p p e r  is  g e n e r a l l y  m o r e  u s e f u l  than.  a r s e n i c  f o r . t h e  s a m e  r e a s o n s . . 1 N 0  

o t h e r  u s e f u l  e l e m e n t s  w e r e  found b y  the i n s t r u m e n t a l  NAA p r o c e d u r e  in a 

s i g n i f i c a n t  • n u m b e r  of  s a m p l e s .  , 
- . .~ ~ , 

F u r t h e r  i n s i g h t  in to  Lhe r e s ,~ l t s  of  the  m o r e  e x t e n s i v e  s t u d y  is" . . . .  

f a c i l i t a t e d  b y  l i s t i n g  the  a v e r a g e d  r e s u l t s  fo r  e a c h  lo t  in  o r d e r  o f  a n t i m o n y  
T 

c o n c e n t r a t i o n ;  t h i s  is =done ini.Tabte~:i32. - ~ ' , ~ 



Table 29 

A N A L Y T I C A L  RESULTS IN EXTENDED STUDY 
a .  

Element 
Sa,r ,  plk! .St), ~/o CI, ,  pp,,~ Am, ppm S;,rrmpl,! Sb. % C,I.  p p m  As ,  ppn~ Saa,~{de Sh.  % C . ,  p p m  

I " ' x  ." x " ~ ' 
Z O. 897 " 940 45 
~. 0,890 9~0 7 9  
4: O. 9~4 988  30 

0 . ~ 4  1862 180 
~ x ~ 

• 1.65 467 758 
8 1 . 6 6  466  778 
o I ; 6 5  4 3 )  712 

IO fJ6~ 49.1 663 
II X x x 

1~ 0.641 1730 < ZG 
1~3 O. 661 × < 24 
14 0.678. x < ~9 
1.5 0 . 6 7 6  16E0 < )4 
16 x x x 
17 0,306 x 104 
18 0,291 x 477 
19 0.291 97 173 
ZO O. }07 x 35~ 
..1 x x x 
22 o ! 8 5  so4 ~25 
2~ 0.185 492 492 
2 4  0 . 1 8 9  u 580 
2~ 0.188 439. 502 
26 " 1.88. 890 520 
27 1:.8~ 500 520 
20 J.89 500 500 

'Z9 I 88 x • 585 
30 ! , 8 8  440 500 
31 0.785 t45 141 
3Z 0.754 :356 180 
33 0 ,75 f  63 35 
34 O. 003 166 103 
.3~ 0:852 500 48 
36 0.948 890 278 

17 0.962 562. 298 
$8 0.771 710 IOZ 

37 O. 7 8 !  434  66 
40 0 .928 "  1050 
41 0.980 1220 131 
4Z 1.03 6 7 0  680 
4 3  0 . 9 7 6  760  660 
44 1.02 040 780 

.45 O. 0394 13 < 5 
46 O~ 0 6 4 6  40 • 7 
47 0.0337 14 "lO 
48 o. 103 59 12 
49 0.~0'I 99 < 0 
50 0.124 32 < 7 
~1 0.0138 8 < 5 
s z  .0.1!1 32 2, 
53 0.0156 It) < 6 
%4 O. 121 27 . c I0 
55 0.'724 711 • 13 
56 0.644 " :  769 " < 24  
57 0.715 958  < 14 
50 0 .701  1 o 2 0  < f6 
59 O. 736  1076  < 1 7  
60 O. 691 '  8 0 0 '  < 12 

6 1  0 . 9 3 0  x " Z ~  
,62 '0273~ 704  < 16 
6( 0.7.51 7 1 6  153 

.64 0.667 795 " " < 23 
6~ 0 . 7 2 8 :  5 0 1  21 
66 O. 742 6~5 < 12 
67 O. ~36 6 7 7  20 
68 ~.,35 336 391 
6~ 2 . 2 6  78Z 545 
70 O. 583 200  <25 
71 ~ . 6 6 0  I0~ ' m 
72" 0.424 57 2~ 
.73 0.421 . 4 7  .IH 
74~ , 0 .  430 ~ 0  < Z 7  

7~ 0 . 9 2 0  u620 I010 
76 0 . 8 ~ 7 '  ~ 5  

-77" I o1 78/) )67 

a v a l u e  not :obtained 

7H 1,05 7~7 103 
7~ 0.741) 451 
~0 '0. 867 6H4 82 
HI O. 7'|4 3~1 30 
82 0 , 7 5 1  371 ..I 
~ O. 011 503 JR 
8,1 0.~50 711) 9~ 
H5 O. 751 ~05 < 40 
86 O. 74~ ~Z 3 < Z.I 
87 O, 7')7 70H 74 
88 O. 745 509' 64 
fi9 0.761 446 16 
90 O. 814 %16 36 
01 0.711 449 42 
9~ O. 7}4 t 3 9  < 22  
9~ 0.725 1..9 <20 
91 O. 7')~* 4~8 69 
95 0.601 438 67 
06 O. 70"~ 123 < 1~ 
97 0. ; '~3 1t9 16 

• 98  O. 700 110 < 8 
99 O. 70R 425 93 

100 O. 7~6 458 62 
I01 0 .76 '  ~57 < Z !  

1 0 2  O. 7L1 I27 < II 
'103 O. 710 114 < 8 

104 O. 764 )64  21 
105 0 . 7 0 6  119 < 8  
106 O. 670 770 < I { 
107 O. 688 H09 22 
108 0 . 6 7 4  668 $6 

Oq 0 . 6 6 J  ~30 < 7 
1~0 0.7zq 848 113 
! !1 0.628 509 10 

. I I Z  0. .658 788 • 18 
I13 O, 657 737 < 14 
t14 0.657 795 <21 
115 0.665 664  < 14 
116 0.682 831 19 
117 O. 690 7Z0 < 22 
118 t .  28 553 • 10 
119 O, 722 837 • 19 
120 0.696 8~Z lL 
l Z i  0".968 74Z 30,i 
122 I.OZ H95 268 

.I..3 O. 674 552 < 13 
124 O. 676 520 < 1 4  
IZq  0.063 16 5 . 7  
126 0.015 1~ < 2 
I..7 0.1137 15 • Z 
$28 |.0~ . . 6 3  I 240 
1 2 9  0.00096 Z. 8' < Z 
1~0 O. 0024  5. 4 < Z 
11t O. 001| ,  2. 3 • Z 

15~ i ) . o |  ~ 8 7  
156 0.  O~'a i 3 0  
1~7 " 1 . 0 4  777 
158 1 1 4  060 
159 ( I . 856  713 
160 0. H64 68.. 
161 0.'~0~ 706 
162 0. I00 < 5 

164 0.815 681 
16~ 0,65q 626 
Ih6 O, BO0 649 
167 0 . 8 2 3  709 
160 0.664 666 
169 0.674 666 
17o 0 . 8 2 0  652 
171 0 .74 )  579 
172 0 7 3 4  5t4 
173 0.754 62~ 
174 0.718 58~ 
$75 0.702 472 
| 7 6  0.68.. 485 
177 0,70~ ~..Z 
178 0 . 7 0 5  504 
170 0.73.. 760 

1 8 0  0 . 5 9 8  6 37 
181 0.731 813 • l J  
IAZ 0.730 563 12 
183 0 . 7 1 9  573 14 
184 0 . 7 4 8  662 • 45 
1~5 Z.4R 167 176 
186 2,43 ..16 170 
187 2.42 759 427 
188 Z.5 !  740 Z96 
189 1.45 217 
190 1.30 124 
19 i  0,905 ~47 
192 0 . 6 6 5  423 
193 0.753 892 
194 0,747 808 
195 0 . 9 6 3  546 
196 0 . 9 7 5  507 170 
197 x x x 

.190 1 . 2 2  147 3567 
109 1 . 1 5  135 3470 
ZOO 1 . 1 7  100 3569 
ZO! 2, 26 65 < 29 
2 0 2  2 .1~ 140 
Z03  2;16 56 < 14 

2 0 4  0,598 JZ 1480 
205 x x x 
206 x x x 
207 x x .  
2 0 8  0 . 5 8 1  1047 x66 

132 O. 0368 L 7 , < 5 209 O. 540 040 
1~3 --0:0344 2~ < 6  ~ 1 0 ,  - 0;580 1079 
134 0 . 6 3 8  36 33 ..11 0 , 7 6 4  9 2 0  
I 35 O. 648 46 < 19 
] 16 O. 720 997 50 
I 37 '0. 745 9't i  88 
1.~0" >. 63 '" 796 592 
I 39 2.61 805 5"17 
140 3.24 dt~, 671 
141 3. ZZ 274 63J 
I~IZ" 3. Z~ Z~8 604 
14:1" O. O00.l, H:8 < )  
1.14 0 . , 1 6  446  9 1  
1.1 ~' O. 71~ 728 42 
141~ 0 . 8 8 ~  76.6 < 2 ~  
147 1. ?q 836 1"36 
148 L ] 9  4lo . < 1 7  
1'1 c~ ~'. 50 ~20 • 46  
i~o L 6 7  258 383 
t51 2.52 478 <4.. 
I¢,~ ~,. %' 445 <68  
1~,3 O. QO0 e* Z 23 
{ 5 4  "0. 8 . . Z  2q8 5 7  

212 O. 736 )93 
213 0.744 246  
214 0.767 798 
215 0.780 773 
2 1 6  0 . 7 6 7  768 
~17 0 . 6 0 0  51 
218 0.570 ~6 
2 1 9  0,501 40 
2..0 O~ 556 75 
221 0 . 5 6 ~  114 
222" O. 5~9 46 , ~ J 7 
. .23 0 . 5 5 4  70 
Z Z 4  0.'~, 30 104 
2 2 5  o. 743 767 

'....6 O. 741 '751 
2- '7  0~7Jl 7..9 

".Jl 1.~4 440 

'&4  
41 

I .I I 
<16 
• 1 3  
198 

< I I  
< Z I  
I ) 9  

<17 
45 

104 

<, '6  

42 
lOZ 

07 
; ' 4  

l l J  
6o 
46 
76 

< 9  
47 

40  
52 

109 
43  

202  
7 2 -  

2 8 0  

89 
I I )  
46 

143 
59 
74 

18t 

<ZO 
< 8  

<17 
4Z 

< Zo 
• 2o 
<23 

16 
$5 
75 

ZI 
149 

<1o 

73 



Table ~ 0 

INTRABOX RESULTS 
MAN V A L U E S  AND STANDARD DEV~T~NS & 

Sample , ,  Sb ,% 

Z-5 o. 8.9 ,. 03 
7 - 1 0  11.66 i.O-I 

12- 15 0.. 67 ,., OZ 
1 7 - 2 0  O. 3:0: * .01,  
22"25 O, 18:8:~. 001 
:26-30 1 ,88  .e,,02. 
3i..-34 0 . 7 7  ±'.03 
35-3 9 07 86: s=. 09 
40- 44 O. 99 4. . 0 4  
4 5 - 4 9  O. 091 i . i 0 7  
50254[ ..0. 08. :~. 06 
5 5 - 5 6  O. 68 ~:. 05: 
57, .58  o.7:t  .0,1 
:B6-.6.7 O. 739,4--; 004 

: 6 8 - 6 9  2 . 3 0  .*.. 0 6  
7o .7 !  o. 62 + .o6  
72- 74 O. 425..io 005 
75.'76 O. 90. ~;.05 
77~"78 1 .02 4 . , 0 i  
79-81  0 . 7 8  4.. 07 
82-8~ o. .81 ~:. o1: 
85-87 0 .76  +.:04 
88-  90 o. 78 4.. 0.4 
91-93: 0 , 7 2  4..01 
94 -96  O. 73 ~-..06 
97 '  98 O. 72 ,4.. 01 

1 0 6 -  10:8 O. 68  4.. 01 
!09-III 0.6:7 ± . 0 5  
: l iZ- 1.14 O. 66 4. .0-1 
1 2 1 - 1 2 2  1 . 0 0  4..02 

. 1.29.130 O. 002.4.,.001- 
i34-435(6) O. 63. 4.:...03 
1 3 6 - ( 3 )  ' O; 71 4...02 
!3:7-(3j 0 .76  4..04 
138-139  2 .62  4...01 
140-1411 3 . 2 3  , . 0 1  
151- 152 2.52. .4. .  O0 
153-154 0 .86  4.,06 
t 5 5 - 1 5 o  O. 016*.. 004 

Cu., pp m 

9404- 50 
.445*.35 

lfi80± 80 
97(S. V..) 

4:80, 30 
580+.:220 
t 8 2 ,  120 

6184- 180  
910±1200. 

4 5 .  32 
:21* 12 

735± 35 
99O. 40 
650* 35 
560+ 3 I0 
! 5 5 ,  65 

51-4- 6 
6Z0(S.: V. ) 
7874- I 
500± 160 
560,  180 
580* 110 
490* 40 
240 .  170 
340* !90 
125± 20 

• 750, 1 O0 
660± ~260 
7704- 30 

.820,:!.10 
4. I ~- 1 . 8  

40* I 3 
1040* 40 

924,  1R " 
800±7 
255± 27 
4604- 24 
195, 140 
2104. 170 

85+67  
730 +50 
<39 
3 5 0 , 1 3 0  
530 i 4 0  

525 *'35 
114 +62 
1 5 8 , ! ! 0  
560 +300 

9 ~:Z 
1 0 , 7  

< Za 

< i 7  
• 20 - 15 

4 7 0 , 1 1 0  
2 0 . 1 5  
22 *5 

985.:~35 
335 ±45 

56 *37 
50 ±40 
74(S. V. ) 

.49"12 
42 ( S . V . )  
68~i 
16 (S . ,V. ) .  
194-4 
654.64 

<21 
255*25 
< 2  

<40 
70 a~18 
82~* 12 
555,53 
650*27 
<68 

.60 ±5Z 
33.141 

74 



Samples 

T a b l e  30 ( C o n t i n u e d )  

Sb,  % Cu,  p p m  A s , p p m  

157-158 1.09 
159-160 0.:86 
163-165 O. 77 
171-173 0.74 
179-181 0.69 
182-184 0.73 
185-186 Z.45 
187-188 Z.47 

189-190 1.38 
191-192 0.79 
193-194 0.75 
195-196 0.97 
198-200 1.18 
BOI-Z03 2.18 
208-210 0.51 
Zll-Zl3 0.75 
214-216 0.77 

Z17-219 0.58 
ZZO-ZZZ O. 56 
ZZ3-ZZ4 0.58 

2Z5-ZZ7 0.74 
ZZ8-Z30 I. Z4 
Z32-Z34 1.19 
Z35-Z37 0.62 

238-239 0.78 
Z40-242 0.71 

+.07 820+57 110+30 
+. Ol 700 + ZO < 53 : 
+.09 720+ 120 60+70 
+.01 580+ 70 77+32 
+.07 740+ 90 ZZ+I8 
+.01 600+55 13+1 
+.03 190+36 177+i 
+.06 750+ 14 365+90 
:e. 10 170± 65 46±8 
+. 19 485± 90 76+4-7 
±.01 850± 59 137±90 
±.01 5Z6± 35 Z33 ±78 

±.06 141± 8 3520+70 
+. 07 87+ 46 

+.OZ 1030+ 97 89±24 
±.01 350± 130 83±53 
±o01 780i Z8 106±67 
±. Ol 50± 8 < 20 
±.00 78± 34 ZO±18 
+. 07 87± 34 < 20 

+.00 750+ ZO 25+14 
+.03 310+ 70 8Z+65 
±. 12 167+ 20 55+33 

+. 08 38± 24 16(S. V. ) 
+. 06 780~ 1 I0 37(S. V. ) 
+.01 474+ 14 70±6 

a 

B a s e d  on v a r i a t i o n  b e t w e e n  s a m p l e s .  W h e n  
o n l y  one  r e s u l t  a v a i l a b l e ,  t h i s  i s  i n d i c a t e d  
b y  (S. V. ) and  no  s t a n d a r d  d e v i a t i o n  i s  g i v e n .  

75 



Tabie 3..:1 

INT R A LO T, INTE I%B OX R ESU L TS 

.- . ,I  
o -  

" )S~mples 

57-61 
6z,.64 

63 i65  
85-90 
91,-105 
i o6-~:o8, I ~z, ]z0 
109-I11 ,  lZ3, l Z4 
12,5- IZ7 
1.3Z, 1.33 
!36, •i•37 
i63-  1 70. 
17,i 21 78 
z z o - z z 4  
2Z8-Z31 

::Bullets ~ t ?  No.. 

Re m', .38 Specia l  P07G 
Rem~, . 38 SpeciaI  NO6D 

• ['" 

KZ9H 
. Re_~n, [.;4458 W MI iE-20P 
Rein, • 2 ?. LR Unknown 
Rern, ;357 l~!~.gnUm 11P-P09D 
l~ern, , 357 l%~agnum i !P -N!4 :P  
W~ W, . 45 AUto 53- 33.BE01 
W-W; IZ Gauge Slugs  R.11BD8]. 
Re in ,  !ZGauge  Slugs  AN1ZPlo8 
i t e m ,  . 3 8 S p e c i a l  L t9B 
Re in ,  .38 Specia l  J09P  
%¥_.~r ..ZZ Short  WK7Z 
W-W, .ZZLR XBI2 

N o .  o2 
Boxes 

4 
3 
Z 

2 
I0 
8 
3 
3 
Z 

2 
6 
6 
Z 
Z 

M e a n  Va-iues :and S t a n d a r d  
De:~;iat$on .... 

Sb,-,% C u , p p m  ~a~s, ppm 

0. 76 ±. 11 
0.69 4.. 03 
0 .74  *.  02 
0.77 4. .05 
0 .73 4.. 0Z 
0~69 ~. 0z* 
0.67 +. 01 

0 . 0 4 5  ± . 0 t 6  

953 4-i40 
747 a-47 
650•4.95 
535 4.1 I0 
270 4.130 
740 *100 
580.±74 
15 4.1 

0 .0356± .0017  3. 1 ±.8 
0.74 *:. O1 969+39 
0.76 4.. 07 678130 
0.71 +.02 5Z5•4.50 
0.57 +. 04 82 ±Z7 
I 24 +.OZ 3804.97 

lim. 
lim. 
87 ±93 
47 4-I 7 
30 ,Z6 
17 4.4 
33 4.45 
lim 
lim 
69 +Z7 
63 4.40 
68 4.30 
lira 
66 4-6i 



0 r de r L o t  
, No___ . _ _  ( o r  S a m p l e s )  

T a b l e  3 2 

75 LOTS ORDERED BY ANTIMONY CONCENTRATION 
- . • . 

1. 03005 
2 ANZZNi7  

3 B N 2 2 N I 7  
4 Unk (155- 156) 
5 R:I I BD81 
6 53-33BEI01 
7 33BF7 
8 +45Bc51 

9 Unk (I 62) 
i0  B L 4  
t I 9 397YA5 
1 z c82  O K C  
t 3  03002 
14 W K 7 2  

:15 " .Z221 

1 6  X B 8 2  
1 7  8 8 C A 8  
18 Yc2 

Cat: 

o 38 
: t 2 G  
t2G 
. 3 2  
t 2 G  
, 4 5  
9 r a m  
g r a m  

,38" 
o 22  
. 3 8  
° 38 

+38 

.2Z  

. 3 2  

. 2 2  

. 3Z  

. 2 2  

Sb, % 

.0004.t 
.. 0011 
• o o  2.. oo  I 
• 0 t  6 " ,  0 0 1 4  

.036,. 002 
• 0 4 5 . .  (1!6 
.08 * . 0 6  
.09 ,.07 
.11 
, 19  , . 0 0  
.30 * . 0 1  
. 4 3  * . 0 0  
. 5 2  
• 57 +*. 0.4 

• 5 7  i. 0 2  
.58 *.01 
• 60 
.60 . . 0 8  

Cu. +ppm 

8 . 8  
2 . 3  
4. 1 , t ,  8 
2 t 0 , 1 7 0  
3. I+0..8 
• 15,1 . 
2 t , 1 2  
45,32 
<5 
480.30 
97 
5:t *6: 

446~ 
82 +27 

I 030,97 
50 *8 
3 Z  
38.2,t 

A , ,  ppm 
- . i  ; / ,  " 

< 3  
< z  
¢ 2  
33,1,4 
<5 
<6 

I o , 7  
9~ 

< tl 
53O*4O 

3 5 0 , 1 3 0  
22*.5 
9 i  

<25 .. 
89*24 

<Z0 
1480 

1 6  
19 57BH7 

2 0  . . . .  G 6 2 Y L 4 2  
2 i  
22 
23 
24 
25 
26 
27 
28 

29 
30 
3i 

32 
33 
34 
35 
36 
37 
38 

39 
4O 

1 1 R N 1 4 P  
C D 7 1  L . 

1 1 P - P 0 9 D  
4 R -  M t 7C+ 
N 0 6 D  

W 2 4 A Z B  

Unkn.  ( t  45) 
Unkn. (9 | - 10 5) 
3RoJ30N 

M 2 4 R  
K29 H . .  
E i 483:F 
ANIZP18 
JIZPZD 
9RGZ7N 
LI .9B 
P 0 7 G  
524C 

B K 7 2  

, 3 8  
tZO 
. 35.7 
. 2 2  
• 357 
• 32 
. 38  
+ ZZ 

. 3 8  
22 

2 2  
+ 32 
. 3 8  

. 3 8  
. 2 2  
126 

. 2 2  
~38 

. 3 8  
. 3 8  
. 2 2  

. 2 2  

. 6 2  , .  06 

. 6 3  * . 0 3  
67 * .01  
67 +. 02 

• 69 * '  02 
69 *• 07 

• 69 * . 0 3  
.71 -~.oi 
. 7 1  ~. 02 
. 7 2  
• "73 , • 0 2  
.73 .~. o I 
. 7 4  -+-. 00' 
. 7 4  % 02  
.,74 *. 00 

• 74 *. 01 
:. 75 *. 0 t  

. 7 5  , .  o t  
. 7 6  , . 0 7  

\ 

• 76 *. ;11 
. 77 - , - .  ol 
.77 *.03 

1 5 5 , 6 5  
4o~3 

55o.74 
1 6 8 0 , 8 0  

+74o21oo 
7 4 0 * 8 0  
74.7,47 
4 7 4 , t  4: 
5 2 5 , 5 0  
730 

27o,13o 
600,4 
650*35 
650*95 
7 5 0 , 2 0  
964,39 ~ 

.350,136 
850,59 
67:8*30 
9,53.140' 

78+28  
t 8 2 , 1 2 0  

20215  
40 ~:33 
3 3 , 4 5  

< 39 
1 7 , 4  
2 2 . 1 8  

< 2 3  
7O 
6 8 , 3 0  
4 2  
3 0 , 2 6  
i 3 ,1  
20215 
87e93 
2 5 , t  4 
69*27 
8 3 , 5 3  

1 3 7 , 9 0  
9 8 5 , 3 5  

< 1 6  
1.106,67 
t 14,622 
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S p e e r  
, R e i n  ~ 

W-W 
W o W  

-W,W 

W - w  
W , ~  
W - W  
w - w  
g e d  
S p e e r  
W~W 

R e i n  • 
W - W  
W - W  
W- .W 
W - W  

R e i n  
W - W  
R e i n  
R e i n  
R e i n  
R e i n  
R e  m 
Rein.  
R e i n  

R e i n  
R e i n  ~ 
a e m  

R e i n  
R e i n  

. R e i n  
. R e i n  

R e i n  
Re in  
R e i n  
R e i n  



¢ 

O r d e r  
No. 

Lot 
(or Samples) 

41 
42 
43 
44 
45 
46 
47 

4 8  
49 
50 

5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 t  
62 

'63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

MI I E-Z0P 
H07HGZ3LD 
L01 R2 B 
3TFZ7E!65 
H09HH05SD 
Unkn. (153- 154) 
L I  5 ZD 
Z242 
Unkn. (146) 

RA5289  
I R J I O U  
J23A 
3625TD3 
1 I K - K 2 9 E D  
2 3PN1 3A 
021C 
WRA,  22690  
112140 
WCC626277351  
X B I 2  
3TYZ5M127  
FPCSI5KC 
Unkn. (150) 
Unkn. (147) 
LF4JC 
A4822 
3528BE6 
Unkn. (I 48) 
76-58RZ31 
Unkn. (187- 188) 
U'nkn. (1 49) 
321 A45 
910001 
03003 

T a b l e  32 ( C o n t i n u e d )  

Cal. Sb, % 

. 4 4  . 7 7  +. 05 
• 44 .78 ,. 07 

• 22 .78 4.. 06 

• 38 . 79 *. 19 
.44 .81 ,.01 
• 32 . 86 ,. 06 
• Z5 . 8 6  ±. 09 
. 3 8  . 8 6  4-.01 
.22 , 89 
• 3 8  . 8 9  ~ .  0 3  

• 3 8  . 9 0  ~. 05 

• 3 2  . 9 7  *. 01 
9ram • 99 *. 04 
38 1 . 0 0  
357 1 . 0 0  ~ .02  
45 1. 02 
380 1 . 0 2  ,.01 
45 1. 09 ~. 0 7  
32 ) .  t8  ~. 06 
22 1. 19 ±. lZ 

• 2 2  1 . 2 4  * .02  
. 3 8  1. 38 +. 10 
. 3 8  1 . 6 6  * . 0 t  
• 2 2  1 .  67 
• 2 2  1 . 7 9  

• 2 2  1 . 8 8  4-. o 2  

• 3 2  2 . 1 8  s ~ . 0 7  

. 3 8  2 .  3 0  4-.06 

• 22 2. 39 
.38 2.45 ~.03 
.38 2.47 :~.06 

• 22 2.50 

• 3 2  2 .  5?. ~.00 
. 3 8  2 . 6 2  4-.01 
. 3 8  3 . 2 3  ±.01 

Cu, p p m  

535+110 
500±160 
7804.110 
485+90 
56O 
1954.140 
618+180 
7O0*20 

77 
940s:50 
62O 
526~35 
910:~200 
796 
820~110 
263 
787!1  
820+57 
141 ±8 
167 i20  
380~:97 
170:L65 
445+35 
258 
836 
5804.220 

87±46 
530-310  
419 
1904.36 
750~:14 
329 
460+24 
800~7 
255+27 

As ,  p p m  

47 * i7  
56*37 
37 
76 ±47 
50~-40 
60 +52 

158-110  
< 33 
< 2 3  

85*67 
985~35 
233+78 
560*200  
198 
285*25 
240 
335 ~45 
110+30 

3520~.17 
55+33 
66~61 
46+8 

7 30 +50 
383 
138 
525 ~35 

< 30 
470 ±110 

< 1 7  
177+1 
365 ~90 

46 
< 6 8  
555+53 
650 :L27 

R e i n  
R e i n  
R e i n  
R e i n  
R e m  
W-W 
R e i n  
R e i n  
W-W 
R e i n  
R e i n  
R e i n  
R e m  
W-W 
R e m  
R e i n  
R e i n  
Ol in  
W-W 
W-W 
W-W 
R e m  
F e d  
R e i n  
R e m  
F e d  
W-W 
V . W  
W-W 
W-W 
W-W 
W-W 
R e m  
S p e e r  
S p e e r  
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T h e  75 l o t s  c a n  be  d i v i d e d  in to  t h r e e  g r o u p s  - t he  25 l o t s  o f  

l o w e s t  Sb c o n c e n t r a t i o n  { O r d e r  Nos .  1 -25) ,  t h o s e  o f  i n t e r m e d i a t e  Sb 

c o n c e n t r a t i o n  { O r d e r  Nos .  26-50) ,  and  the  r e m a i n i n g  l o t s .  W h e n  t h i s  is  

d o n e ,  the  d i s t r i b u t i o n  of  b u l l e t s  in e a c h  g r o u p  f r o m  the  d i f f e r e n t  m a n u f a c -  

t u r e r s  is  f ound  to  be v e r y  n o n u n i f o r m :  

O r d e r  No.  R e i n  a W - W  F e d  S p e e r  

1 -25  7 15 1 2 

2 6 - 5 0  21 3 1 

5 1 - 7 5  11 10 2 2 

a I n c l u d i n g  O l i n - M a t h i e s o n ,  the  p a r e n t  c o m p a n y  of  R e m i n g t o n .  

It i s  i m p o r t a n t  to  a s c e r t a i n  the  d e g r e e  to w h i c h  b u l l e t s  c a n  be 

u n i q a e l y  d e t e r m i n e d ,  e s p e c i a l l y  in t i le m i d d l e  r a n k s  of  a n t i m o n y  c o n c e n -  

t r a t i o n .  

A s s u m e  t h a t  a b u l l e t  in  q u e s t i o n  h a s  the  f o l l o w i n g  c o n c e n t r a t i o n s  

(wi th  a v e r a g e  s t a n d a r d  d e v i a t i o n s ) :  0. 75 + 0 . 0 3 %  w Sb, 400 + 92 p p m  

Cu, and  100 + 44  p p m  As .  A s s u m e  20 to d e f i n e  the  d i s t i n c t i v e  r a n g e  in  

e a c h  c a s e .  T h e n  the  r a n g e s  of  i n t e r e s t  a r e :  

Sb :  0 . 6 9  

Cu: 216 

As:  12 

- 0 . 8 1 %  w Sb 

- 5 8 4  p p m  Cu 

- 188 p p m  A 

A m o n g  t he  75 l o t s  of  b u l l e t s  the  f o l l o w i n g  f a l l  w i t h i n  the  t h r e e  s i m u l t a n -  

e o u s  r a n g e s  o f  i n t e r e s t :  W24A2B ( r a n k  26), J 0 9 I  ~ { r a n k  27), unkn  ( s a m p l e s  

9 1 - 1 0 5 ,  r a n k  29),  J 1 2 P 2 D  ( r a n k  35),  M l l E - 2 0 P  ( r a n k  41) ,  H 0 9 H G 2 3 L D  

( r a n k  42) ,  3 T F 2 7 E 1 6 5  ( r a n k  44),  and H 0 9 H H 0 5 5 D  ( r a n k  45)  - o v e r  10% of  

the  75 l o t s .  

E x a c t  s t a t i s t i c a l  d e f i n i t i o n  of  t he  d e g r e e  to w h i c h  b u l l e t s  m a y  be 

d i s t i n g u i s h e d  f r o m  one  a n o t h e r  is  r e n d e r e d  d i f f i c u l t  b e c a u s e  the  t h r e e  
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e/lemen~.do not have Gaussian concentration distributions a m o n g  the 

po~tion~sample ( n e i t h e r  n o r m a l  nor  log-normal). R a t h e r  the a n t i m o n y  

concentrations are unnaturally distributed as a: result of deliSerate addi- 

tions at selected.levels, of concentration; and the other two elements have 

urmatural distri, butions that are probably associated with antimony. Cor- 

relation of concentration ranking orders between antimony and' copper, 

and between antimony and arsenic substantiate this latter assertion. 

These cot.relation coefficients, R, are as follows: 

Sb:Cu-R = 0.38 

Sb:As-R = 0.55 

Both  v a l u e s  i n d i c a t e  s i g n i f i c a n t  c O r r e l a t i o n s  among  the  s e t  of  75 lo ts .  

T h u s  the  n u m b e r  (8) of  i n d i s t i n g u i s h a b l e  bul le t  lots  in the  e x a m p l e  of the 

p r e c e d i n g  p a r a g r a p h  i s n o t  s u r p r i s i n g .  

Exa lmina t ion  of Tab le  32 shows tha t  12 of the l i r s t  25 r a n k s ,  2 of 

the  s e c o n d  2 5 : r a n k s ,  and 18 of the  l a s t  25 r anks  a r e  u n i q u e l y  i den t i f i ed  

by the  t h r e e  e l emen t s . .  Whi le  the s econd  25 r a n k s  a r e  h igh ly  b i a s e d  by 

the  s i m i l a r i t y  a m o n g  the 21 R e m i n g t o n  m e m b e r s  of the g roup ,  the d i s -  

t i n c t i v e n e s s  a m o n g  the o t h e r  two g r o u p s  of 25 s a m p l e s  i s  not  g r e a t .  

The e a r l i e r  e x p e r i m e n t s  involved  a s m a l l e r  p r o p o r t i 0 n  of R e m i n g -  

t o n a n d  W i n c h e s t e r  b u l l e t s ,  and the  a n t i m o n y  v a l u e s  Of 30 10ts of bu l l e t s  

w e r e  m u c h m o r e  d i s t inc t ive ,  than  in the c a s e  of the l a t e r  e x p e r i m e n t s .  

H o w e v e r ,  i f  one e x a m i n e s  the  s ix  R e m i n g t o n ,  R e m i n g t o n , P e t e r s  , a n d  

P e t e r s  r e s u l t s  of  t h e  e a r l i e r  s t ud i e s ,  i t  is found tha t  t h e y  a n t i c i p a t e  in 

m i n i a t u r e  the  l a t e r  r e s u l t s  (Sb v a l u e s  w e r e  0 .92 ,  0 .87 ,  0 .87 ;  0 .85 ,  1 . 9 4 ,  

and 2.. 99% L 

The. p r e p o n d e r a n c e  of Re ming ton .  and Winche s t e r  a m m u n i t i o n  t aken  

fo r  the  l a t e r ,  s tudy  is c o n s i s t e n t  wi th  the d o m i n a n t  m a r k e t  p o s i t i o n  of' t h e s e  

c o m p a n i e s .  While a m o r e  i dea l  c o r r e s p o n d e n c e . b e t w e e n - t h e  s a m p l e  
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s e l e c t i o n  and  an  i n d i v i d u a l  m a n u f a c t u r e r ' s  s h a r e  of  the  m a r k e t  m i g h t  

h a v e  b e e n  a c h i e v e d ,  the o v e r - a l l  r e s u l t s  w o u l d  h a v e  b e e n  s u b s t a n t i a l l y  

the s a m e ,  i . e .  , R e m i n g t o n ' s  b u l l e t  u n i f o r m i t y  and  s t r o n g  m a r k e t  p o s i -  

t i on  l end  a m a r k e d  n e g a t i v e  a s p e c t  to the  p r o b a b i l i t y  of  d i s t i n g u i s h i n g  

b e t w e e n  two b u l l e t s  by NAA. 

C o n c u r r e n t  w o r k  wi th  o t h e r  e v i d e n c e  m a t e r i a l s ,  s u c h  a s  p a p e r  

and  p a i n t ,  h a s  s h o w n  t h a t  s i g n i f i c a n t  c o n f i d e n c e  t h a t  a c c i d e n t a l  m a t c h i n g  

of  d i f f e r e n t  s a m p l e s  h a s  not  o c c u r r e d  u s u a l l y  r e q u i r e s  the  m e a s u r e m e n t  

of  > 5 e l e m e n t s .  Had  th i s  i n f o r m a t i o n  b e e n  a v a i l a b l e  s o o n e r ,  the  a t t a c k  

on the  s u b j e c t  o f  b u l l e t  i d e n t i f i c a t i o n  w o u l d  h a v e  b e e n  qu i t e  d i f f e r e n t  in 

the  f i n a l  s t u d y ,  s i n c e  the  e a r l i e r  s t u d y  s h o w e d  t h a t  i n s t r u m e n t a l  NAA d id  

not  u s u a l l y  o b s e r v e  t h i s  m a n y  e l e m e n t s  in b u l l e t  l e ad .  R a t h e r ,  p o s t -  

i r r a d i a t i o n  r a d i o c h e m i c a l  s e p a r a t i o n s  w o u l d  h a v e  b e e n  r e c o m m e n d e d  to 

i m p r o v e  the  p o s s i b i l i t y  of o b s e r v i n g  a l a r g e r  n u m b e r  of  e l e m e n t s  in  a 

s m a l l e r  s u i t e  of s a m p l e s .  

A l t h o u g h  the  p r e s e n t  w o r k  h a s  no t  p r o v i d e d  an  a d e q u a t e  m e a n s  o f  

c o m p a r i n g  b u l l e t  s p e c i m e n s ,  as  h a d  b e e n  hoped ,  i t  h a s  d e f i n e d  the  s c o p e  

of  w o r k  n e c e s s a r y  to a c h i e v e  the  d e s i r e d  goa l .  

B a s e d  u p o n  the  p r e s e n t  f i n d i n g s  the  a l t e r n a t i v e  a p p r o a c h e s  to t he  

t a s k  a r e  a t t r a c t i v e .  One a p p r o a c h  w o u l d  fo l low the  c o u r s e  o f p o s t i r r a d i a -  

t i on  r a d i o c h e m i c a l  s e p a r a t i o n s  to d i s c e r n  and  q u a n t i t a t e  a t  l e a s t  s i x  e l e -  

m e n t s  in  b u l l e t  l e a d .  T h i s  p o s s i b i l i t y  i s  h i g h l y  f e a s i b l e ,  s i n c e  r e m o v a l  

of  i n t e r f e r e n c e  f r o m  the  d o m i n a n t  a n t i m o n y  r a d i o i s o t o p e s  w o u l d  open  t h e  

s p e c i m e n s  to t h e  fu l l  s e n s i t i v i t y  of  the  v e r y  p o w e r f u l  NAA t e c h n i q u e .  The  

l a r g e r  n u m b e r  of  o b s e r v e d  e l e m e n t s ,  e a c h  of  w h i c h  w o u l d  s e r v e  a s  a n  

i d e n t i f i c a t i o n  p o i n t ,  w o u l d  g r e a t l y  i m p r o v e  the  r e l i a b i l i t y  w i t h  w h i c h  d i f -  

f e r e n t  b u l l e t s  c o u l d  be d i s t i n g u i s h e d .  As a r e s u l t ,  the  m a t c h i n g  of  two  

s p e c i m e n s  f r o m  a c o m m o n  s o u r c e  w o u l d  h a v e  m u c h  g r e a t e r  c r e d i b i l i t y .  

The  a l t e r n a t i v e  a p p r o a c h  w o u l d  i n v o l v e  the  d i s t i n c t i v e  t a g g i n g  of  

b u l l e t  l e a d s  w i t h  c o m b i n a t i o n s  of  e l e m e n t s ,  in  s m a l l  a m o u n t s ,  t h a t  c o u l d  
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be e a s i l y  o b S e r v e d  by i n s t r u m e n t a l  N A A .  P r e l i m i n a r y  d i s c u s s i o n s  w i t h  

c a r t r i d g e  m a n u f a c t u r e r s  i n d i c a t e  that  this  would be  d i f f i cu l t  to i m p l e m e n t  

in a p r a c t i c a l  w a y .  N e v e r t h e l e s s ,  if the i m p o r t a n c e  of the  t a s k  w a r r a n t e d  

it, t he  n e c e s s a r y  a l t e r a t i o n s  in m a n u f a c t u r i n g  p r o c e d u r e s ,  the tagging • 

a p p r o a c h  could  be r e a l i z e d .  With t h r e e  tagging e l e m e n t s ,  e a c h  s e l e c t e d  

t o  h a v e  a c e r t a i n  i nd iv idua l  c o n c e n t r a t i o n  wi th in  p o t e n t i a l  c o n c e n t r a t i o n  

ranges covering three orders of magnitude, atlea.st onemillion distlnc- 

• tire tagging codes could be devised. Clearly, within any reasonable time 

s c a l e  of i n t e r e s t ,  a l l  l o t s  of  bu l l e t s  m a n u f a c t u r e d  in the  Uni ted  S ta tes  

cou ld  h a v e  a unique  tag.  

5 . 4  CONCLUSION 

The n u m b e r  of i d e n t i f i c a t i o n  points  d e v e l o p e d  by i n s t r u m e n t a l  

N A A i s  too l i m i t e d  to p r o v i d e  a m e a n s  of a lways  d i s c e r n i n g  b e t w e e n  

bu l l e t s  f r o m  d i f f e r e n t  lo ts .  W h e r e v e r  two bul le t  s p e c i m e n s  have  con-  

c e n t r a t i o n s  of a n t i m o n y  a n d / o r  o t h e r  m e a s u r e d  e l e m e n t s  {e.g~,  c o p p e r ,  

a r s e n i c )  tha t  arC d i f f e r e n t ,  a f t e r  allowing• for  i n t r a l o t  v a r i a t i o n s  d e f i n e d  

i n  t h i s  w o r k ,  it is sa fe  to c o n c l u d e  that  rAe two s p e c i m e n s  c o m e  f r o m  

d i f f e r e n t  lot~. H o w e v e r ,  i f  the c o n c e n t r a t i o n s  of Sb, Cu, and As a r e  the  

s a m e  (aga in  a l lowing  for  i n t r a l o t  v a r i a t i o n s ) ,  it is not  safe  to s a y  tha t  the  

bu l l e t s  c o m e  f r o m  the  s a m e  lot.  I m p r o v e m e n t  of th is  s i t u a t i o n  r e q u i r e s  

a n  e x t e n d e d , p r 0 g r a m  to e i t h e r  {1) expand,  With r a d i o c h e m i c a l  t e c h n i q u e s ,  

the n u m b e r  o f • o b s e r v e d  e l e m e n t s ,  or  (2) i m p l e m e n t  a p r o g r a m  o f  tagging  

b u I l e t s  w~ith u n i q u e  c o n c e n t r a t i o n  codes  of added t r a c e  e l e m e n t s  t ha t  a r e  

e a s i l y  m e a s u r e d  by i n s t r u m e n t a l  NAA. 
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6 .  DISCUSSION AND C O N C L U S I O N S  

The  e i g h t - y e a r  p r o g r a m  h a s  e x a m i n e d  a w i d e  v a r i e t y  of  m a t e r i a l s  

that can be suitably interrogated for forensic purposes. The array of 

materials examined, mentioned in the introduction, no doubt comprises 

o n l y  a f r a c t i o n  of  a l l  p o s s i b l e  m a t e r i a l s  of  i n t e r e s t ;  y e t ,  b a s e d  on d i s -  

c u s s i o n s  w i t h  c r i m i n a l i s t s ,  i t  is  b e l i e v e d  to c o n t a i n  m o s t  m a t e r i a l s  of  

m a j o r  i n t e r e s t  to c r i m i n a l i s t s .  C e r t a i n  e x c e p t i o n s  h a v e  d e v e l o p e d  o v e r  

t he  y e a r s ,  h o w e v e r .  F o r  e x a m p l e ,  the  p r e s e n t  d r u g  p r o b l e m  a c r o s s  the  

l a n d  w a s  no t  a n t i c i p a t e d  in the  e a r l y  y e a r s  o f  t h e  p r o g r a m ;  o t h e r w i s e ,  a 

m u c h  g r e a t e r  v a r i e t y  of  d r u g s  wou ld  h a v e  b e e n  i n v e s t i g a t e d .  I n d e e d  it  is  

p o s s i b l e  t h a t  one  o r  m o r e  d r u g s  w o u l d  h a v e  b e e n  s e l e c t e d  f o r  i n t e n s i v e  

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

The  s i z e  of  the  p r o g r a m  s i m p l y  d id  no t  e n c o m p a s s  the  p o s s i b i l i t y  

o f  d e f i n i t i v e  i n v e s t i g a t i o n s  of  m o r e  t h a n  a few m a t e r i a l s .  H o w e v e r ,  the 

w o r k  on  g u n s h o t  r e s i d u e s  and  p a r t i c u l a r l y  on p a i n t  h a s  d e m o n s t r a t e d  the  

w e a l t h  of  i n f o r m a t i o n  and  the  d e g r e e  of  c o n f i d e n c e  in i n t e r p r e t i n g  a n a l y t i -  

c a l  r e s u l t s  t h a t  c a n  be g a i n e d  by the N A A  m e t h o d .  The  p r o g r a m ' s  s t u d y  

o f  t h o s e  m a t e r i a l s  h a v e  m a d e  i t  p o s s i b l e  fo r  t he  c r i m i n a l i s t  to u s e  NAA 

to  a r r i v e  a t t e s t i m o n i a l  s t a t e m e n t s  in  c a s e s  i n v o l v i n g  t h e s e  m a t e r i a l s  

and  to a s s i g n  p r o b a b i l i t y  v a l u e s  to t h e  t r u t h  o f  h i s  s t a t e m e n t s .  T h i s  is  an  

i m p o r t a n t  c o n t r i b u t i o n  to the  f i e ld .  

The  s t u d y  of  p a p e r  w a s  e x t e n s i v e  e n o u g h  to d e v e l o p  p r e l i m i n a r y  

e s t i m a t e s  o f  p r o b a b i l i t i e s  fo r  v a r i o u s  " f i n g e r p r i n t s " .  It i s  c l e a r  t h a t  i t  

w o u l d  be of  v a l u e  to c h a r a c t e r i z e  t h i s  m a t e r i a l  a t  l e a s t  a s  w e l l  a s  p a i n t s  

h a v e  now b e e n  c h a r a c t e r i z e d .  
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The s t u d y  of  bu l l e t  lead  p r o v e d  the oniy  c a s e  in which  an e x -  

t e n d e d  s tudy  s h o w e d  the a p p l i c a b i l i t y  of p u r e l y  i n s t r u m e n t a l  NAA to be  

m o r e  l i m i t e d  than  had  b e e n  •init ial ly i n d i c a t e d  by p r e l i m i n a r y  e x p e r i m e n t s .  

At the p r e s e n t  t i m e ,  the  a p p l i c a t i o n  of NAA to the c o m p a r i s o n  of  two bul le t  

l e a d s  c a n  show two  s a m p l e s  to be d i f f e r e n t ,  i f  the concen t r a t ions •  of  Sb, 

Cu, a n d / o r  As a r e  s i g n i f i c a n t l y  d i f f e r e n t ;  but i t  canno t  show two s a m p l e s  

to be the  s a m e  in m o s t  c a s e s .  It is l ike ly  tha t  this  l i m i t a t i o n  can  be o v e r -  

c o m e  by i m p l e m e n t i n g  e i t h e r  r a d i o c h e m i c a l  p r o c e d u r e s  or  t agging .  

All told,  the  p r o g r a m  has  m e t  i ts  o b j e c t i v e s .  NAA has  b e e n  shown 

to be o f  r e a l  v a l u e  as  an i n v e s t i g a t o r y  tool.  F u r t h e r  d e f i n i t i v e  e f f o r t s  to 

c h a r a c t e r i z e  a d d i t i o n a l  e v i d e n c e  m a t e r i a l s  wouid  :undoubtedly  be w o r t h -  

whi le .  
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7. S U M M A R Y  

O v e r  a p e r i o d  of  e i g h t  y e a r s  the  a p p l i c a t i o n s  of  n e u t r o n  a c t i v a t i o n  

a n a l y s i s  (NAA)  in the  f i e ld  of  c r i m i n a l i s t i c s  h a v e  b e e n  i n v e s t i g a t e d .  In 

the  e a r l i e r  y e a r s  the  e f f o r t  w a s  c o n c e r n e d  w i th  o u t l i n i n g  a p p l i c a t i o n s  

f e a s i b i l i t y ,  and  p o t e n t i a l l y  u s e f u l  a p p l i c a t i o n s  w e r e  d i s c e r n e d  a m o n g  a 

w i d e  v a r i e t y  of  m a t e r i a l s  - i n c l u d i n g  p l a s t i c s ,  r u b b e r ,  g r e a s e s ,  o i l s ,  

p a i n t ,  g l a s s ,  s o i l s ,  p a p e r ,  ink,  h a i r ,  f i n g e r n a i l s ,  w o o d ,  t o b a c c o ,  d r u g s ,  

w a t e r ,  w h i s k e y ,  sk in ,  m a r i j u a n a ,  b u l l e t s ,  and g u n s h o t - r e s i d u e s .  The  

e f f o r t  in  t h i s  f i n a l  r e p o r t  p e r i o d  h a s  c o n c e n t r a t e d  on  the d e f i n i t i o n  of the  

e x a c t  f o r e n s i c  a p p l i c a b i l i t y  of  NAA w i t h  r e s p e c t  to a f e w  s e l e c t e d  m a t e r i a l s  

o f  m a j o r  i n t e r e s t  to c r i m i n a l i s t s ;  n a m e l y ,  g u n s h o t - r e s i d u e s ,  p a i n t ,  a n d .  

b u l l e t s .  

T h e  r e q u i r e m e n t  of  p o t e n t i a l  a p p l i c a b i l i t y  f o r  m o s t  i n s t a n c e s  is  

d i r e c t e d  t o w a r d  the  p o s s i b i l i t y  t ha t  n u m e r o u s  e l e m e n t a l  c o n s t i t u e n t s  o f  

a m a t e r i a l  c a n  be  q u a n t i t a t i v e l y  m e a s u r e d  by  NAA and  t h a t  t he  c o n c e n t r a -  

t i o n  p a t t e r n s  of  t h e s e  e l e m e n t s ,  w h i c h  c o m p r i s e  an e l e m e n t a l  " f i n g e r p r i n t " ,  

a r e  h i g h l y  u n i q u e  f o r  e a c h  s o u r c e  of  the  m a t e r i a l .  If  the  e x a m i n a t i o n ,  by  

NAA,  o f  1 0 - 2 0  s a m p l e s  of  a m a t e r i a l  f r o m  d i f f e r e n t  s o u r c e s  s h o w s  e a c h  

to  h a v e  ~ r e a s o n a b l y  u n i q u e  " f i n g e r p r i n t " ,  p o t e n t i a l  a p p l i c a t i o n  m a y  be  

s a i d  to  e x i s t .  

T h e  d e g r e e  of a p p l i c a b i l i t y  r e q u i r e s  a n a l y s i s  o f  a r e a s o n a b l y  l a r g e  

a n d  r e p r e s e n t a t i v e  s a m p l i n g  of  the  p o p u l a t i o n  of  the  m a t e r i a l  in q u e s t i o n  

to  d e f i n e  t h e  p r o b a b i l i t i e s  tha t :  (1) t wo  s a m p l e s  f r o m  a c o m m o n  s o u r c e  

w i l l  h a v e  d i f f e r e n t  " f i n g e r p r i n t s "  and  (2) t w o  s a m p l e s  f r o m  d i f f e r e n t  s o u r c e s  

w i l l  h a v e  t h e  s a m e  " f i n g e r p r i n t " .  In p r a c t i c e  it i s  d e s i r a b l e  to  a s s o c i a t e  
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the  r e s u l t s  o f  c o m p a r i n g  two  s a m p l e s  w i t h  p r o b a b i l i t i e s  t ha t  v a r i o u s  g i v e n  

i n t e r p r e t a t i o n s  a r e  t r u e  o r  f a l s e .  F o r  e x a m p l e ,  if  t h e  " f i n g e r p r i n t "  of  a 

p a i n t  s a m p l e  f o u n d  a t  t he  s c e n e  of  a C r i m e  m a t c h e s  t h a t  o f  a p a i n t  f l e c k  

t a k e n  f r o m  t h e  s u s p e c t ,  w h a t  i s  t h e  p r o b a b i l i t y  t ha t  t he  s u s p e c t ' s  s a m p l e  

d id  no t  c o m e  f r o m  the  s c e n e  of  a c r i m e .  O r ,  i f  t he  t w o  s a m p l e s  do no t  

h a v e  t he  s a m e  " f i n g e r p r i n t s " ,  w h a t  i s  t he  c h a n c e  t h a t  t he  s u s p e c t ' s  s a m p l e  

n e v e r t h e l e s s  c a m e  f r o m  the  s c e n e  o f  the  c r i m e .  In p r a c t i c e ,  t h i s  l a s t  

q u e s t i o n  i s  u s u a l l y  t r i v i a l ,  b u t  i t  s h o u l d  be  a s k e d .  

In t h i s  r e p o r t  p e r i o d ,  t h e  p o p u l a t i o n  o f  b u l l e t s  and  p a i n t s  h a v e  

b e e n  c h a r a c t e r i z e d  and the  a n s w e r s  to the  f o r e g o i n g  q u e s t i o n s  h a v e  b e e n  

d e l i n e a t e d  fo r  a n y  p a r t i c u l a r  a n a l y t i c a l  r e s u l t s .  The  s t a t i s t i c a l  r e g i m e n  

a p p l i e d  to the  p o p u l a t i o n  of  p a i n t s  h a s  b e e n  s h o w n  to be  a p p l i c a b l e  to the  

p o p u l a t i o n  o f  p a p e r s ,  a l s o ,  and  p r e l i m i n a r y  s t a t i s t i c s  h a v e  b e e n  s t a t e d  

f o r  the  i n t e r p r e t a t i o n  o f  c o m p a r a t i v e  p a p e r  a n a l y s e s .  

T h e  t r e a t m e n t  of  g u n s h o t - r e s i d u e s  is  s o m e w h a t  d i f f e r e n t .  On ly  

two  e l e m e n t s ,  B a  and  Sb, a r e  r e l a t e d  b y  the  NAA t e c h n i q u e  to the  q u e s t i o n  

of  w h e t h e r  a p e r s o n  d id  o r  d id  no t  f i r e  a w e a p o n .  T h e s e  e l e m e n t s  a r e  d e -  

t e r m i n e d  in h a n d l i f t s .  A h a n d l i f t  i s  a c q u i r e d  b y  a p p l i c a t i o n  of  m e l t e d  

p a r a f f i n  to the  h a n d  and r e m o v i n g  the  p a r a f f i n  a f t e r  i t  s o l i d i f i e s .  P e r s o n s  

who  h a v e  no t  f i r e d  a w e a p o n  u s u a l l y  h a v e  s o m e  of  the  e l e m e n t s  on t h e i r  

h a n d s ,  a n d  i t  h a s  b e e n  n e c e s s a r y  to d e f i n e  the  r e l a t e d  p r o b a b i l i t i e s  o f  

f i nd ing  g i v e n  a m o u n t s  in t h e i r  h a n d l i f t s ,  w h i c h  a r e  c a l l e d  h a n d b l a n k s .  

P e r s o n s  w h o  h a v e  f i r e d  a w e a p o n  u s u a l l y  h a v e  i n c r e a s e d  a m o u n t s  of  Ba  

and  Sb on  t h e i r  g u n h a n d ,  and  i t  h a s  b e e n  n e c e s s a r y  to d e f i n e  the  r e l a t e d  

p r o b a b i l i t i e s  o f  f i nd ing  g i v e n  a m o u n t s  u n d e r  th i s  c i r c u m s t a n c e .  The  in-  

t e r p r e t a t i o n  o f  a g i v e n  h a n d l i f t  a n a l y s i s  h a s  b e e n  m a d e  p o s s i b l e  by  the  

a p p l i c a t i o n  of  a p p r o p r i a t e  b i v a r i a t e  n o r m a l  d i s t r i b u t i o n  s t a t i s t i c s  b a s e d  

on  the  h a n d b l a n k  and  f i r i n g  p r o b a b i l i t i e s .  The  bu lk  of  t h i s  w o r k ,  bo th  

a n a l y t i c a l  and  s t a t i s t i c a l ,  h a s  b e e n  c a r r i e d  ou t  in  the  p r e s e n t  r e p o r t  

p e r  iod .  
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B e c a u s e  t h i s  is  a f i n a l  r e p o r t ,  i t  h a s  s e e m e d  a p p r o p r i a t e  to d i s -  

c u s s  t he  p r e l i m i n a r y  w o r k  of p r e v i o u s  y e a r s  c o n c e r n i n g  p a i n t ,  b u l l e t s ,  

g u n s h o t - r e s i d u e s ,  a n d  p a p e r  so t h a t  the  r e a d e r  c a n  a p p r e c i a t e  the  s e -  

q u e n c e  of  s t e p s  in  t h e s e  s t u d i e s .  

The  a p p l i c a b i l i t y  of  NAA to  t he  c o m p a r i s o n  of p a i n t  s p e c i m e n s  i s  

f o u n d  to be i m p r e s s i v e .  Us ing  a G e ( L i )  d e t e c t o r  in p o s t a c t i v a t i o n  g a m m a -  

r a y  s p e c t r o m e t e r ,  an  a v e r a g e  of n e a r l y  15 e l e m e n t s  is  m e a s u r e d  i n  p a i n t s  

a n d  it  i s  f o u n d  t h a t  the  10 m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s  p r o v i d e  a 

g e n e r a l  s u f f i c i e n c y  of i d e n t i f i c a t i o n  p o i n t s .  On the  a v e r a g e  the  c h a n c e  

t h a t  two  d i f f e r e n t  p a i n t s  w i l l  have  " f i n g e r p r i n t s "  m a t c h i n g  to  t h e s e  10 

i d e n t i f i c a t i o n  p o i n t s  i s  l e s s  t han  one in  a b i l l i o n .  F u r t h e r m o r e  the  m e t h o d  

c a n ,  w i t h  a h i g h  p r o b a b i l i t y  of s u c c e s s ,  i d e n t i f y  two s p e c i m e n s  of  p a i n t s  

a s  be ing  of  t he  s a m e  k i n d  ( m a n u f a c t u r e r  a n d  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n )  

but  of  d i f f e r e n t  l o t s .  In s u c h  c a s e s  the  s p e c i m e n s  m a t c h  to f ive  o r  s ix  

i d e n t i f i c a t i o n  p o i n t s  (on the  a v e r a g e  d i f f e r e n t  p a i n t s  h a v e  o n l y  a b o u t  one  

c h a n c e  in  a m i l l i o n  of  do ing  th i s ) ,  but  d i f f e r  s i g n i f i c a n t l y  on s e v e r a l  o t h e r  

i d e n t i f i c a t i o n  p o i n t s .  

It is  i n t e r e s t i n g  t h a t  the  d i s t r i b u t i o n  (of c o n c e n t r a t i o n s )  of o n l y  one  

of  t h e  15 m o s t  f r e q u e n t l y  o b s e r v e d  e l e m e n t s ,  t a n t a l u m ,  c a n  be d e s c r i b e d  

a s  G a u s s i a n .  I t  w a s  n e c e s s a r y ,  t h e r e f o r e ,  to  c o m p u t e  c o n c e n t r a t i o n  

p r o b a b i l i t i e s  of i n d i v i d u a l  e l e m e n t s  d i r e c t l y  f r o m  the  a n a l y z e d  p o p u l a t i o n  

s a m p l e  c o m p r i s e d  of 155 d i f f e r e n t  p a i n t s .  I n a s m u c h  a s  the  10 m o s t  f r e -  

q u e n t l y  o b s e r v e d  e l e m e n t s  d id  not  i n c l u d e  S i g n i f i c a n t l y  c o r r e l a t e d  p a i r s  

of  e l e m e n t s  ( for  e x a m p l e ,  b a r i u m  w a s  i n c l u d e d ;  but  c h r o m i u m ,  a c o n -  

s t i t u e n t  of  the  p i g m e n t ,  b a r i u m  c h r o m a t e ,  w a s  no t  i n c l u d e d ) ,  the  p r o b -  

a b i l i t y  of f i n d i n g  a g i v e n  " f i n g e r p r i n t "  c o u l d  be o b t a i n e d  by a s i m p l e  c o m -  

b i n a t o r i a l  m e t h o d .  

A l t h o u g h  a d d i t i o n a l  a n a l y t i c a l  w o r k  w a s  not  done  on p a p e r  s a m p l e s  

in  t h i s  r e p o r t  p e r i o d ,  the  d a t a  g a t h e r e d  in  p r e v i o u s  y e a r s  w a s  e x a m i n e d ;  
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and it w a s  found t h a t  the s t a t i s t i c a l  a p p r o a c h  s u c c e s s f u l l y  app l i ed  to 

p a i n t s  w o u l d  w o r k  f o r  p a p e r ,  too .  T h u s ,  i t  s h o u l d  b e  v e r y  w o r t h w h i l e  to 

a n a l y z e  a c o m p l e t e l y  r e p r e s e n t a t i v e  s a m p l e  of  the  p o p u l a t i o n  o f  p a p e r s  

and obtain a complete set of statistics. 

Bullet lead proved to be less definitively characterized by instru- 

mental N.A.A than either paint or paper. This had not been anticipated in 

earlier work, but a representative sample of the  population of bullets re- 

vealed that one major manufacture controls the level of antimony to an 

unexpected extent. Since antimony is the most useful of three elements 

routinely observed by simple, instrumental NAA in bullet lead, and since 

the other two elements (copper and arsenic) have concentrations corre- 

lated with that of antimony, the comparison of bullets by NAA is not al- 

ways m e a n i n g f u l .  W h e r e  t w o  s a m p l e s  h a v e  s i g n i f i c a n t l y  d i f f e r e n t  c o n c e n -  

t r a t i o n s  o f  one  o r  m o r e  o f  t h e s e  e l e m e n t s ,  i t  m a y  be  s a i d  t ha t  t he  s a m p l e s  

a r e  f r o m  d i f f e r e n t  l o t s  o f  b u l l e t s .  H o w e v e r ,  m a t c h i n g  c o n c e n t r a t i o n s  do  

no t  c o n c l u s i v e l y  i d e n t i f y  two  s a m p l e s  a s  b e i n g  f r o m  the  s a m e  lo t .  

It i s  c o n c l u d e d  t h a t  e i t h e r  p o s t i r r a d i a t i o n  r a d i o c h e m i c a l  p r o c e -  

d u r e s  o r  b u l l e t  t a g g i n g  t e c h n i q u e s  w i l l  be  r e q u i r e d  to a c h i e v e  the  d e s i r e d  

g o a l  o f  c o m p l e t e l y  d e f i n i t i v e  c o m p a r i s o n s  o f  b u l l e t  l e a d s .  

With the completion of sampling and analysis of nearly 600 hand- 

lifts, including both handblanks and firings, a sufficiency of data has been 

gathered to allow probabalistic statements regarding the results of analyz- 

ing a given handlift, where one each of a variety of occupations and weapon 

calibers are specified. For example, given a case involving a 0.38- 

caliber revolver and a suspect whose occupation is as an accountant, the 

Sb and Ba values of his handlifts (right hand and left hand) can be inter- 

preted with respect to the probability that the suspect did not fire a gun. 

If the results are associated with a very small probability that the 

suspect did not fire a gun, a judge or jury may consider this to be beyond 
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r e a s o n a b l e  doub t .  H o w e v e r ,  s i n c e  t h i s  is  no t  the  p r o v i n c e  of  t h i s  p r o -  

g r a m ,  no d e f i n i t i o n  o f  r e a s o n a b l e  d o u b t  h a s  b e e n  a t t e m p t e d .  

Altogether, the  p r o g r a m ' s  o b j e c t i v e s  h a v e  b e e n  m e t .  A wide  

v a r i e t y  of  m a t e r i a l s  h a v e  b e e n  s h o w n  to be p o t e n t i a l l y  s u i t a b l e  c a n d i d a t e s  

f o r  u s e f u l  NAA a n a l y s i s  f o r  f o r e n s i c  p u r p o s e s ;  and  i t  h a s  b e e n  s h o w n  t h a t  

s u c h  m a t e r i a l s  can  be c h a r a c t e r i z e d  to s u c h  an  e x t e n t  by NAA t h a t  the  

c r i m i n a l i s t  c a n  a f f i x  r e a l i s t i c  s t a t i s t i c a l  p r o b a b i l i t i e s  to the  t r u t h  o f  a l -  

t e r n a t i v e  i n t e r p r e t a t i o n s  of  a g i v e n  a n a l y s i s  o r  a n a l y t i c a l  c o m p a r i s o n .  
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I. Principle 

N u c l e a r  r e a c t i o n s ,  m a n y  of  w h i c h  p r o d u c e  r a d i o i s o t o p e s ,  a r e  p r o -  

r o o t e d  w i t h i n  a s a m p l e  by b o m b a r d m e n t  w i t h  s u i t a b l e  r a d i a t i o n .  E a c h  

r a d i o i s o t o p e  i s  d e f i n i t i v e l y  c h a r a c t e r i z e d  by  i t s  d e c a y  p r o p e r t i e s  and  s e r v e s  

a s  an  a n a l y t i c a l  i n d i c a t o r  o f  the  e l e m e n t  f r o m  w h i c h  i t  i s  d e r i v e d .  Al l  e l s e  

b e i n g  e q u a l ,  t h e  a m o u n t  of  the  r a d i o i s o t o p e  f o r m e d  is  a l i n e a r  m e a s u r e  of  

the  a m o u n t ,  in  the  s a m p l e ,  of  the  e l e m e n t  f r o m  w h i c h  i t  w a s  p r o d u c e d .  

A. T h e  d i s i n t e g r a t i o n  r a t e ,  A, o f  a g i v e n  n u m b e r ,  N ~, o f  r a d i o -  

i s o t o p e  a t o m s  of  a p a r t i c u l a r  k ind  is  r e l a t e d  to s p e c i e s '  h a l f  

l i f e ,  t l / 2 ,  by  the  e x p r e s s i o n  ( w h e r e ) ,  = 0 . 6 9 3 / t l / 2 ) :  

A = N*X (1) 

B. T h e  v a l u e  of  N "~ d e r i v e d  f r o m  t he  b o m b a r d m e n t  of  N a t o m s  of  

p r e c u r s o r  s p e c i e s  wi th  a p a r t i c u l a r  k ind  of  r a d i a t i o n  f o r  a 

l e n g t h  of  t i m e  t i i s  g i v e n  in  the  e x p r e s s i o n :  

N*X = N~D(~(1-e-kti)  , (2) 

C. 

w h e r e  (~ is  the  f l ux  of  b o m b a r d i n g  p a r t i c l e s ,  and  ~ i s  the  r e -  

a c t i o n  c r o s s  s e c t i o n  ( e n e r g y  s p e c i f i e d ) .  

T h e  a c t i v a t i o n  e q u a t i o n  is  d e r i v e d  by s u b s t i t u t i o n  of  (1) in (2): 

A = N~)~i(1-e -}'ti) (3) 

2. M e t h o d  

A k n o w n  a m o u n t  of  s a m p l e  m a t e r i a l  i s  s e a l e d  in a s u i t a b l y  i n e r t  

c o n t a i n e r  ( u s u a l l y  p o l y e t h y l e n e  o r  q u a r t z ) ,  s u b j e c t e d  to b o m b a r d m e n t  of  

k n o w n  p a r a m e t e r s  ( a c t i v a t i o n ) ,  and the  r e s u l t i n g  r a d i o a c t i v e  a n a l y t i c a l  i n -  

d i c a t o r s  p r o d u c e d  f r o m  e l e m e n t s  to be  d e t e r m i n e d  a r e  q u a n t i t a t i v e l y  m e a -  

s u r e d  a f t e r  t he  b o m b a r d m e n t  t e r m i n a t e s .  D e c a y  o f  e a c h  r e l e v a n t  s p e c i e s  
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m u s t  be  t a k e n  i n t o  a c c o u n t :  t h e  d e c a y  o b e y s  the  r e l a t i o n  

-At 
A -" A e , w h e r e  
1 o 

A o and A 1 are disintegration rates at the beginning and end of time period t. 

A. Activation may be carried out with several devices: 

I. Nuclear Reactor: the most prolific source of the most 

generally useful bombarding particles -- thermal neutrons. 

Reactors also provide copious fluxes of high energy neu- 

trons, which promote some useful endoergic nuclear re- 

actions. Reactors are also characterized by stability and 

reliability of operation. In addition, they generally provide 

a larger volume of useful sample space than 

2. Other devices, such as isotopic neutron sources and parti~ 

cle accelerators. Isotopic neutron sources are character- 

ized by much lower fluxes than reactors. Accelerators, 

which have certain restricted uses in activation analysis, 

are comparatively less stable and reliable. 

B. Measurement of radioisotopes is carried out with devices com- 

mensurate to the task. Since most radioisotopic activation 

products give rise to monoenergetic gamma rays, and since 

there is little duplication of gamma ray energies among the 

various activation products, the most useful technique is 

i. Gamma ray spectrometry. The gamma-ray spectrometer, 

comprised of a detector (either a high-efficiency, moderate- 

resolution sodium iodide detector or a high-resolution, 

moderate-efficiency lithium-drifted germanium detector ) 

coupled to a multichannel pulse height analyzer, enables 

simultaneous qualitative identification and quantitative 

measurement of a multiplicity of gamma emitters. Less 

generally useful are 
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C. 

2. O t h e r  d e v i c e s ,  s u c h  as  g e i g e r  c o u n t e r s ,  p r o p o r t i o n a l  

c o u n t e r s ,  C e r e n k o v  c o u n t e r s ,  and  so  f o r t h ,  w h i c h  n e v e r -  

t h e l e s s  h a v e  i m p o r t a n t  o c c a s i o n a l  u s e s  f o r  the  m e a s u r e -  

m e n t  of r a d i o i s o t o p e s  t h a t  do no t  g i v e  r i s e  to  g a m m a  r a y s .  

R a d i o c h e m i c a l  S e p a r a t i o n s  a r e  s o m e t i m e s  n e c e s s a r y  when ,  by  

r e a s o n  of  c o m p a r a t i v e l y  l a r g e  r a d i o i s o t o p i c  y i e l d ,  e l e m e n t s  of  

l i t t l e  i n t e r e s t  i n t e r f e r e  w i t h  the d e t e r m i n a t i o n  of  d e s i r e d  e l e -  

m e n t s .  C h e m i c a l  p r o c e d u r e s  a r e  i n s t i t u t e d  a f t e r  a c t i v a t i o n ;  

t h u s ,  s i n c e  the  a n a l y t i c a l  i n d i c a t o r s  h a v e  b e e n  f o r m e d ,  a d d i t i o n  

of  o t h e r  m a t e r i a l  to the s a m p l e  d o e s  no t  j e o p a r d i z e  the a c c u r a c y  

of the result by contamination. 

3. A d v a n t a g e s  o f  a c t i v a t i o n  a n a l y s i s  r e l a t i v e  to o t h e r  a n a l y t i c a l  t e c h n i q u e s  

a r e  s i g n i f i c a n t .  

S i n c e  i t  i s  a n u c l e a r  m e t h o d  and  i n v o l v e s  p e n e t r a t i n g  r a d i a t i o n s ,  and  

s i n c e  t h e  o n l y  h a n d l i n g  of  the  s a m p l e  p r i o r  to the f o r m a t i o n  of  the  a n a l y t i c a l  

i n d i c a t o r s  is  in  i t s  p a c k a g i n g  for  a c t i v a t i o n ,  i t  h a s  the  v i r t u e s  o f  

A. M i n i m a l  m a t r i x  e f f e c t ,  w h i c h  e n a b l e s  one  to a d d r e s s  l a r g e  o r  

s m a l l  s a m p l e s  w i t h  e q u a l  f a c i l i t y ,  

B. C o m p l e t e  l i n e a r  d y n a m i c  r a n g e  f r o m  the  l i m i t  of d e t e c t i o n  

t h r o u g h  m a j o r  c o n s t i t u e n t  c o n c e n t r a t i o n s ,  and  

C. M u c h  l e s s  c o n t a m i n a t i o n  p o t e n t i a l  t h a n  o t h e r  t e c h n i q u e s .  O t h e r  

a d v a n t a g e s  i n c l u d e  

D. G r e a t  s e n s i t i v i t y .  M a n y  e l e m e n t s  c a n  be d e t e r m i n e d  in a m o u n t s  

o f  10 -11  g r a m s  o r  l e s s ,  and  the  m e d i a n  s e n s i t i v i t y  fo r  75 e l e -  

m e n t s  a t t a i n a b l e  w i t h  a t y p i c a l  n u c l e a r  r e a c t o r  is  10 -9 g r a m s .  

E. S i m u l t a n e o u s  d e t ' e r m i n a t i o n s  of  a m u l t i p l i c i t y  of  e l e m e n t s  a r e  

a c h i e v e d ,  s i n c e  a l l  e l e m e n t s  a r e  s u b j e c t  to a c t i v a t i o n  d u r i n g  

a n  i r r a d i a t i o n  and  g a m m a  r a y  s p e c t r o m e t r y  s i m u l t a n e o u s l y  

m e a s u r e s  a m u l t i p l i c i t y  of  g a m m a  e m i t t e r s .  
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. Use of activation analysis are found in every field of endeavor, hence 

are too manifold to even enumerate here. Typicai examples include 

A. Research in such fields as biomedical (study of trace elements 

in tissues, diagnostic measurements), geochemical (study of 

continental drift, history of the solar system and earth), cri- 

minalistics (using trace elements as material "fingerprints"), 

and pollution (studying sources and patterns of pollution): 

B. Routine analysis of petroleum products, plastics, alloys, ores, 

tissues, crops, textiles, and Other natural and manufactured 

materials for trace constituents and/or major constituents. 
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00  

Element, ppm (K denotes thousands of ppm) S a m p l e  Object 
No~ Sampled 

38 Door  (Ext .  } 
4 t  W a l l  ( In t . )  
63 D o o r  ( E x t . )  
65 W a l l  ( E x t . )  
84 R e f r i g .  

127 H e a d b o a r d  
t 3 t  A~*to. 
t 4 3  F a n  
i 4 7  A i r  C ondi t .  
i 4 8  A i r  Cond i t .  
157 La the  
i58 Lathe  
159 Lathe  
tb0  M i l l i n g  Mach .  
161 E l e c t r o n i c  C a b .  542 
t64  F o r k  Li f t  307 
192 A~tto 83 

C_.E M__o.n C_~o N_~a ~ A_! C_! m_ C__~a T_i V__ 

5 t 3  <2, 3K 536 876 <99 iSOK 8 1 . 8 K  2 . 2 5  977 
424 <Z .6K 2 . 9 i K  i . 6 8 K  <1t0  87K t t 5 K  < 3 . 8  202 

3.2K 23.8K 14.3K 235 2.47K ZI8K - - 4~ 25 <54 

3 . 0 K  7 . 8 K  4 . 0 K  4 . 3 6 K  i . 6 9 K  26K 59K i 3 . 4  iZ2  
409 <24K 65 i 7 4 K  <64 <9.7K <370 <3.3 303 

Z.2K 200K Z8K Z8K i.i5K 42K I0.4K <23 
38 <79 149 2 i 2  28 <6. tK <40 < 0 . 6  <73 

314 <i.4K 827 827 i81 746 ZIK <5 
641 <4.3K 4.3K 1.49K 535 <8.0K 183K <7 
7 5 i  < iSK Z7K 982 338 <8. OK <Z9K <35 
545 < 2 4 0  943 855 3 4 . 7  < i . 3 K  25K <5 

< i K  < i .  OK 2 . 3 K  6 3 i  < i N  < i .  5K 129K <7 
t . 9 K  < 3 . 7 K  6 . 4 K  3 . 8 K  i S t  < i . 6 K  308K <9 
i • 5K < 3 . 4 K  6.  ZK 744 :  < i40  t 0 8  i 34K c t0  

<7. OK 54K i. 6K <i 30 <i. 8K <TK ,36 
<5.7K 7.5K 405 <70 882 163K <3 
<0.8K 57 236 <30 <i.4K i08 <2 

CLASS L BLACK OR GRAY PAINTS (17 SAMPLES) 

F___% N.__! C___9.u Z.~ 

232 < 5 . 6 K  <26 < t8K < 1 . 6  1 7 . 3 K  
0 . 3 3  < 6 . 6 K  423 <450 < t . 6  i . 2 K  

79.2 <5.9K <50 <880 <4.3 221 
57.9 5.67K 143 <SK 87.9 73K 
5 7 . 7  1 3 . 6 K  56 <3K <2~0 299 

60 !  488  35K 523 <4K < 3 . 7  5: '0 
2 . 8  < 8 . 5 K  <t9 < t00  606  <48 

t 6 t  i i . 4  < 4 . 5 K  < i 0  < i t 0  <Z.2  )49  
<60 22.2 5.6K <I4 <280 <2.8 4.9K 

i.4ZK 24.0 <4.4K <I0 <330 <3.4 ~.2K 
4 . 4 6 K  2 2 . 0  23K t .  t K  <280 580 t . 2 K  

1 3 . 3 K  t 7 . 3  < t7K t . ? K  <330 . . . .  
t 0 . 0 K  257 5 t K  i . 6 K  <2K <t0  4 . 0 K  

9 . 6 K  207 5 i K  t .  SK <2K 1 . 2 K  I . T K  
t 3 . 6 K  488  70K 2 . 0 K  <2K < 3 . 1  t . 7 K  

148K 63 132K 2. 3K <420 <2.2 i.0K 
<39 2.3 <4.6K < t t  <86 i . 0 K  <75 

• I I 



s I m I 

CLASS I. (Continued) 

~0 
~0 

S a m p l e  Object 
No. Sampled 

38 Door  ( E x L )  
41 Wal l  ( I n t . )  
63 Door  ( E x t . )  
65 Wal l  ( E x t . )  
84 Re.~rig. 

127 H e a d b o a r d  
131 Auto. 
143 Fan 
147 Air Condit. 
148 A i r  Condi t .  
157 Lathe 
158 L a t h e  . 
159 Lathe 

Element, ppm (K denotes thousands of ppm) 
O a  A s  B r  S r  ~ A g  Cd In  Sb I 

<1.3 <2.5 11.3 110 <14 <2 <26 <5.8 152 <15 
<I. 4 <i. 6 14,3 <16 <14 <3 <24 <3.5 42 <15 
<3.1 <26 9.5 83 <28 <26 <50 <4.4 <1.5 <14 
.~.8 431 50.9 <300 <37 <42 <66 135 57 <150 

<I.0 !.7 76.3 <68 <8 <4 56 <0.2 1.2 <42 
<2.3 2.6 49.1 <130 <22 <26 <40 <0.2 4.9 <46 
<0.4 <0.3 15.2 <5 <10 <6 <9 <34 <0.3 <0.4 

160 M i l l i n g  M a t h .  2.  t 36 5 . 6  <46 <17 <8 <3t  <4. t t 32  
161 E l e c t r o n i c  Cab.  6 . 2  <0 .9  3 8 . 6  <73 <t4 <63 <25 - '7 .9  <t 
1o4 F o r k  Li f t  < 1 . 0  < 0 . 6  1 7 . 7  <t5 <10 <10 <t7 <3 .5  Z8 
192 Auto .  <0 .5  < 0 . 4  4 7 . 7  <6 <t5 <20 <t9 <59 <t 

Ba La Hf Ta 

2 . 4 9 K  <1 1 . 4 8  <3 
45 4.2 2.17 <3 

t 0 8  <2.4 < 2 . 8  <2 
53K 5.7 <6 <4 

<55 <0.6 <3 <2 

<69 9.2 <3 <2 
5.7 <0.5 <3 <2 

w_. A_~.~ !. 

7, 79 0.13 <3 
7.31 <; <3 

<I. 8 <5 <5 
6. I <8 <6 

<0.6 2.5 <2 

<2 0.4 <4 
<0.4 <2 <2 

<0.7 <0.5 10.9 <5 <10 <'7 < i t  t . 6  3.8 <0.8 2:6 2,3 1.2. <2 <0.6 5.8 <2 
< t . 6  < t . 4  89 67 <23 <12 <42 <2.0 8.4 <t1 5 .6K < i . 5  10.8 29 6.7 <5 <4 

6.2. <1.5 Z 5 0  <t4 <24 <20 <t0 <3.0 76 <2i 77 55 <3 <2 <2 <5 <4 
<1.0 <0.7 44.5 <II <15 <13 <19 <69 3.3 5.8 159 <0.4 <5 8.5 <5 <3 <3 

<I.2 <0.9 -- <13 <19 <II <25 8.7 .. <1.4 328 <i.0 <9 49 -- <3 <3 
<2.0 <1.3 2.0.6 <55 66 9.5 <56 <4.9 8.8 <9.8 I.SK <1.7 5.6 33 155 1,6 <5 

< t l  397 < t . 4  1 . 8  53 3 . 8  8 . t  <3 
<34 87 <0.9 <9 71 <I 0. 3 <3 
, 2 8  t ~K <0 .7  <8 56 <1 <2 <2 

<t .  3 <3 <0.4 <2 ~2 "i <3 <3 



CLASS H .  W H I T E  OR OFF-WHITE PAINTS (63 SAMPLES) 

I-J 

O 
0 

S a m p l e  O b j e c t  
No..._/.. 

25 Sail B o a t  
27. Ground  R a i l  
3 0  
3t 
32 
35 
40 
54 
55 

59 
71 
72 
73 
#4 
78 
99 

N& ! 

t .  7K 
659 

H i g h w a y  R a i l  475 
B r i d g e  •Rail Z . 4 K  
L igh t  P o s t  t .  IK  
D o o r ,  House  802 
W a l l .  House 203 
Wall 1 ~ 6K 
Cabinet t 8 9  
W a l l  t .  3K 
R e f r i g e r a t o r  2 . 3 K  <3K 
W a s h e r '  5 t 2  <3K 

W a s h c r  406  <3K 
W a s h e r  421 <4K 

Shelf  b95 <4K 
Sid ing .  House  7 t 7  <4K 

82 Door 901 <6K 
Be) R e f r  ~ g e r a t o r  890 <3K 

87 Clothes Dryer 227 <41[ 

88 F r e e z e r  637 <4K 
89 Clothes b r y e r  219 <4K 
90 F r e e z e r  384 <4K 

91 W a s h e r  105 <250 
92 W a s h e r  t19 <760 
~ W a s h e r  907 <920 

94 .Wash~,r 93 <5K 

9~ W a s h e r  83 <4K 

9 o  Wa s t , e r  151 <4K 

97 ~Vasher  220 <4K 
~ W a s h , . r  206  <5K 
~ " R e f r i ~ e r a t o x  048 . <350 

100 ~ , . f r t g p r a t , ~ r  Obe <3K 
101 R ~ t r x g , , r a h ) r  4q0  <5H 

I02" R e f r * g , . r a t o r  ]63 <4K 
t 0 3  R e f r * g e r a t o r  428  <4K 

104 R e f r i g e  r a t o r  407  <SK 
tO ~ <4E 

l o t  
Wu:dow St l l  I .SK 
~t ,.dow Fra :he $.0K ~ O K  

E l e m e n t ,  p p m  ( K  d e d o t e s  t h o u s a n d s  o f  p p m )  

, A_L C_.L . ~ c_.L T_.& 2 .  c...z~ M...m.~ r e C o N_.Z 

<54 17K 2.2K 349 " - -  3 0 t K  <0.2 <63 145 <SK 126 <650 

<25 3.3K 63" 345 -- 200K 3 <68 I11 <5K 406 <150 

<94 2.2K 39 <95 -- 183K <0.I <73 537 <SK 505 <450 

66K 199K 177 574 -- <11 <10 <49 588 <5K 512 <480 
67K 286K 203 845 -- <4 <4 47 102 <~K 667 <190 

<400 463  t . 6 K  <560 24K 8 . 8 K  <2 <IK 3 . 4  - -  <66 <JK 
3.4K 5.7K 771 153 68K 254K <6 <52 27 <SK 291 <270 

28K 13K 579 2.3K 89K Z30K <I0 <75 45 <8K 29 <410 
5.4K 4.5K. 253 39 81K 193K <6 <78 900 174 <480 

i3K 6.9K 406 2.5K 358K 129K 7.3 <65 57 <5K 

C_~u Z n  Ga A0 

<t0 7.0K 8.4 3.9 

%3 70K <2 13 
<4 85K <2 3.7  
<5 19K 43  <2., 
<3 t . 0 K  5 2  Z.0 

<22 6 t K  <9 <43 
<I 568 <t <0.6 

<3 426 1 . 0  < t . 2  
<2 902 <1 21 

3 . 0 K  Z l K  . 716  - -  234K 
2 . 6 K  < I . Z K .  158 -.- t 9 3 K  
2 . 0 K  887 146 - -  t 6 t K  
7.1K 303 95 - -  200K 
7.7K <79 704 13K 203K 
8.2K 100 <72 <IZK 254K 

42K 339 921" <ZK t 5 t K  
2.2K t . 4 K  247 <IOK 182K 

4.5K 554 153 -- 241K 

Z - IK I. 6K 154 - - Z08K 
4.8K f. ZK 51 -- Z23K 
3.7K 566 230 -- 204K 

3 . t K  6 t 2  <37 - :  352K 

3.6K '53 <38 - -  358K 

8.9K 652 <40 - ~  327K 
8.7K 721 <38 -- 305K 

3.7K ,I.IK ~42 -- 359K 

3.7K 928 <51 . -  342K 

6.0K 995 i99 -- 326K 

6.7~ 55 194 -- 324K 

3 . 3 K  t . l K  Z45 7 . 3 K  3 t 9 K  
3 .4  K t . 6 K  3 t 7  . -  300K 

10t  655 79 - -  306K 

2.5K .Z93 66 <gK 246K 
2 . 6 K  308 165 <OK 279K 
Z.TK 58 65 - -  276K 
4.7K 1 . 1 K  308 5ZK 263K 

29K 2 . 7  K 2 . 0 K  .. • t 7 8 K  

8 . 5  <540 <3 348 2 . 7  <J~ 1 
<4 <48 239 <4K <9 <940 <3 1 . 7 K  <2. 0 . 6  
- - <49 503 <4K <I0 <2Z0 <2 341 <t <0.6 

<4 <47 5 . 7  <6K <13 2 , 3 K  <3 467 <2 0 . 5  
<7 <29 ~.Z <4K 6.Z <190 <2 167 <I 3.7 
<9 <56 210 <5K t98 < tK  <3 4.3K <2 <0.9 
<8 57 5.0 4.8K <I I <170 <2 <92" <2 <0.8 

<29 <57 103 3.5K 69 <830 <3 1.9K <2 <11 
<4 <45 899 <~K <10 <390 ,O t . 9 K  <2  ' 2.2 

- -  <4] 7 .5 <5K, <t0 <t40 ~.2 83 <I <0.4 
4.3 <60 24Z <6~K <14 <2K <.4 2.4K <2 2.3 
-- <40 4 .0  <5K < t l  <150 
- - <45 325 <4K 5 . 4  <ZK 

<3 <37 
<6 <35 
<9  <36 
<9 <33 
<6 <36 
<6 <35 
<7 <40 
<7 <ZO 
<4. <49 
13 <70 
49 <44 295 

<4 <70 306 

<4 <42 393 
<4 .<27 287 
<6 <51 26 

<50 41 

7.3  <SK 7.Z <260 
5 .9  <4K 20 <220 
1.5 <5K <t0 <120 
6.7 <&K 6.9 <130 
2 .2  <5K <t0 <t30 
9.8 <5K 5 .8  <t60 
2.2 < 5 K  <1 e. <140 
0 . 6  <3K. <4 <5 

13 38K Z3 <4JO 
",4 <SK 35 c650 

<5K 18 <2K 
t 3 K  20 <2K 

t . 8 K  t 9  <3K 
<4K 1'3 <2K 
<5K 154 <'700 
<4K ~89 <2K 

<2. t75 t . 5  J .0  
<2 491 <t <0.7 

272 IZ3 <i  1.1 
<2 77 0 . 8  l . Z  
35 5t  0 .7  2 .6  
<2 93 O. 3 358 
<2 65 <1 9 . 6  
<2 28Z <~ 8 . 4  
<2 99 <1 0 . 7  
<4 <3 <3 O. 6 
<5 4 3 1  <2 <t 

b t O 0 0  <2 <2 
• ~ 5 . 6 K  <2 <4 
~1 2 3 K  1 . 7  1 0  
< 3  5 9 ~  <2  I .  3 
*2 395 < t  i .  7 
<4 ' 3 . 3 K  < 3  Z.Z 
<5 t S K  6 . 0  Z . 0  

v I ~ *. 



• I 

CLASS ii. (Continued) 

~..a. 

0 ¸ 

S a m p l e  Object 
No. 

zs. ~ S~aB0~t 
27 G.r ound Raii 
30 Highway Rali/ 
3 i  B r i d g e  R a i l  
3Z L i g h t  POSt 
35 
40 
54 
55 
$9 

7 i  

Element,  ppm (K denotes. thousands of ppm)  
B r  • Sr Mo Ag Cd In S b  I B a  

Z79 < 2 1  ~ 8  <t8  <28 9 .4  98 9 . 4  82 
59 <7. <25 <4 < i 0  <0.2 3.4 <0.Z <3 
9 . 3  <2t <Z6 <2 <30 Z.Z 1.3  <0. 8 <8 
25 <13 <ZI <22 <Z2 5.6 <Z <0.7 45 
36 <7 <19 <20 <8 <34 Z . t  <0.3 <2 

Door,• Housle <ii <i30 <3i0 <ii <180 <4.i 36K <5 t 6 i K  
Wa]/, House 5.0 17 <8 <4' <IZ <i.4 4.3 <6 <3 
Wall 25 92 <19 <8 <34 <1.7 57 <5 79 

L~a Hf T_~a W Au Hg 

11 <3 <2 <3 <6 67 
<2 <3 <2 <2 <5 <7 
<i i. 0 <2 <2 <4 <5 

4.7 <2 . <Z <2 <5 <4 
<2 <2 <2 <2 0. Z <3 

. .  <32 <Zt <t9 <0.7 <55 
<i 3.4 <2 <I <2 <2 
i.0 2 .9  59 Z i  <0.5 53 

72 
73 
?4 
78 

7 9  

92 
93 
94 
95 
96 
97 
98 
99 
I00 

t07. 
t 0 3  " R e f r i g e r a t o r  40 <89 <i2 <4 <2t <8 i . 4  <24 16 i  <I 4 . 0  <2 
~.04 
/05  
I06 

Cab£net  I0 33 < I0  <I <16 <2.3  12 <9 19 I .  i 0 . 5  <3 <I <2 <2 
Wal2 15 125 15 <21 <33 5 , 3  84 <2 7 . 5 K  Z .7  0 . 8  5Z 19 <5 <4 
R e f r i g e r a t o r  348 t35  <15 <6 <27 <5 37 <t4 9 . 3 K  <Z 4 , 3  5 .8  <i 0. i <3 
W a s h e r  4 0  <9 <9 <3 <16 <2 78 <5 1 .0  0 .9  3 .5  7 .1  3 , 6  5 . 6  <2 
W a s h e r  36 <10 <27 <4 <45 <Z 2. Z <9 234 <3 <3 5 .6  <2 <5 <5 
~Va she r  29 <8 , <6 <5 <i t <2 t .  5 <8 . t • I <0.5 <2 <2 <t 0 . 4  <2 
She]J 53 <36 </5 <7 <27 <4 50 <I0 Z.4K 3.2 2.4 <2 <| <4 <3 
Siding Houlse 3.0 <8 <12 <7 <22 <35 0 ,7  <3 <4 • <i <2 <2 <i <3 c~ 

82 Door t2 <33 <t6 <ZZ <Z8 <7 ZZ <45 Z03 13 <3 23 7 .0  <4 <4 
86 R e f r i g e r a t o r  t30  44 <tZ <4 <23 35 2 . 6  t4  Z. 7K t .  3 <3 i 3 <t <4 <3 
87 Clo~hes Dryer 35 <6 <8 <5 <13 <70 16 5.1 3.8 1.7 Z.4 27 5.7 7.2 <2 
88 ' F r e e z e r  167 ~ <44 <13 <5 '<25 <6 6.9 <21 Z.TK <i 1.8 4.6 <i0 <4 <3 
89 C)othes. Dryer 143 <8 <9 <6 <17 <Z 1.9 <6 I! <i <3 4.3 0.8 <3 <2 
90 F r e e z e r  t34  <75 <t0 <t7 <17 <1 30 <24 96 <t <3 6 .2  t . 7  .1.0 <2 
91 Washer 40 <iZ <9 <i0 <15 <8i IZ 6.Z 41 0.6 4.4 8.1, 2.3 Z.6 <2 

Washer 31 <I0 <9 <10 <15 <81 6.5 5.Z 35 <i 4.8 4.9 1.7 <2 <2 
• W a s h e r  31 <5 <8 </4 <ii <46 Z;6 <1 5.7 <i <2 <2 ~i <Z <2 
Wxsher 40 <5 <8 <I| <t4 <55 6.0 <2 <3 <I <2 <Z <t <2 <Z 
Washer 60 <6 <I0 <9 <|7 <70 7.0 3,3 3,1 <I <2 <Z 3.0 7.7 <Z 
Washer 39 <7 <9 <t0 < t6  <9t 5.5 2.5 3.2 <t <2 <Z 1.3 <Z <2 
Washer 94 <7 <IZ <8 <ZZ <Z 17 <5 7.9 1.8 2.4 30 7. 3 0. I <2 
W a s h e r  42 <i <i <t0 <1 - -  t l  <t 0 . 2  3.1 5 .1  4 !  7 . 4  <18 <2 
Re{r igera t0 r  |06 18 <17 <6 <3Z <2 40 7.5 3.8 <i Z.6 26 |0 0. I <3 
Refrigerator i? 62 <22 <6 <43 <Z 43 6.5 2i <2 2.5 32 Z2 <6 <4 
Refrigerator IZ5 <74 <15 <5 <29 <5 8.5 <It 5.4K <i 7.Z <2 "<Z <4 <3 
Refrigerator 90 <78 <16 <i <,Z7 <6 Z0 <16 Z2K <i 6. I <2 <2 <4 <3 

< I <3 <2 
Refrigerator 38 <64 <9 <4 <|6 <(~ <I <~Z 155 <| 3. Z 4.'Z <| <3 <Z 
Window Sil ! 39 t08 <18 <5 <,33 0.8 35 <12 1.2K <2 5.4 - .  <2 <5 <3 
Window Frame 46 <41 <2Z <2Z <40 <7 I.I <26 80 8.3 <3 <Z <Z <5 <4 



CLASS II. (Cont inued)  

b.a 

O 
tO 

S a m p l e  Objec t  
No.  Sampled  Na Mg AI 

tZ4 Window Frame 343 <3K 2.6K 

128 Bed Frame 825 

IZ9 Folding Chair 206 

141 Chair 196 

14Z Cabinet 723 

15Z Cabinet " I .  5K <I5K ZSK 805 

t 53  Door i.6K <I6K ZSK 1.4K 

154 D r a w e r  I. 7K <i6K Z4K 565 

155 Cabinet 1.4K <IOK 3.8K I. OK 

166 Door Frame 341 <4K 5.9K t 3 K  
to7 W a l l  296  <4K 5 . 4 K  t5K 

<4K 6 . 8 K  865 
<3K 2 . 4 K  602 

<750 Z. tK  302 
<3K i 6 K  365 

Element, ppm (K denotes thousands of ppm) 
C1 K Ca T i  V 

2 . 2 K  342 i 2 3 K  189K <5 
545 82K 247K <7 
166 i 0 1 K  178K 19 
t70  i 7 6 K  88K <5 
54Z i 5 6 K  1 5 1 K  <13 

3 . 6 K  205K 160K <23 
3.4K t 9 7  K i 5 9 K  <28 
Z. 0K Z01K 149K <27 

I .  OK 244K 145K <14 = <55 
548 t 2 5 K  t 9 3 K  <7 <48 

80  124K 193K 12 <57 

C:r Mn F e  

<56 88 <SK 
<56 152 <TK 

<72 24 <6K 

<53 46 <5K 

2 .,3K 88  <5K 
<45 2 t  <6K 

106, Z2 <SK 
<42 , 27 <SK 

t 8  <5K 

28 5.4K 79 

Z5 <6K iii 

Co 

131 <IK 

87 <820 
I07 <210 

124 <750  

176 <930 

Zi <480 
30 <470 

< t t  < 5 i 0  
49  <490 

<450 
<420 

N__ ! . c.......~ z_z.~ o....Ea . A L  

<2 2 ,  ZK <I <I 

<3 t 2 0  <2 <I 

<2 t 6 K  <t <1 
<2 t .  4K <l  <t  
<4 228 6, 7 <2 

<3 <130 5 . 9  <t  
<4- <130 7 . 2  1,6 

<3 . . 443 9.1 <2 
<3 t t K  ' <2 <t 
<3 ~.3K <t 0.4 

<1 573 < t  0.~ 3 
t68  D o o r  
170 Wall 
t 7 t  W a l l  
172 Wall 

173 Desk 

175 Water Ski  
179 Sink 
182 Step L a d d e r  
t83  Stool  
184 Table 

186 T a b l e  
1 8 7  B u r e a u  
188 C h a i r  
|qtl AUtO 

120 <4K 4.6K I. 3K <29 83K 247K <7 <63 

177 <6K 4.8K I. iK <32 82K 280K <9 g87 
-- <15K 18K 14K -- 83K 217K </4 <59 

?8Z < t 6 K  19K ~ 2 0  514 68K I98K ,Z7 <4-4 
1 . 5 K  <660 8 . 3 K  9 5 t  t .  ~.K <2K Z47K <5 <66 
2. iK <4K $.8K 5.5K 341 <2K 308K <8 <I ~J 

781 <3K 4.ZK 1.6K <170 IZ3K 176K 20 <~ 

656 <4K 7.5K 168 . 101 <2K' 302K <9 582 

373 <3K 646 l .  IK 156 89K liSK <4 <110 
429 <3K 4.0K 4.0K 258 14K Z50K <5 <i~0 
• !. 6K <4K 8.2K <290 378 39K 158K 6.8 <iZ0 

728 <4K 9.3K • 757 493 <ZK 255K <10 88 

379 <SK 5.4K " 7ZK " <I.IK 88K Z09K :I0 
350 <430 12K 683 <60 <2K 318K <11 

93 
t 65  13K 
324 3.2K 
303 '<6K 

30 <6K 
79 <8K 
43 <6K 

4 . 2  <bK 

10 <6K 
t 3 9  <I2K 
63 <6K 

" 10. <5K. 
<4.5K 13 <I 30K 

<50 14 <6K 

8.0K 8Z <zg0 <I 5.8K <I 

138 <350 59 5.7K <i 
4.5 <640 <2 5.ZK . "13 

<IZ <650 <2 3. ZK <1 
139 <870 <4 Z8K • <2 
176 41. ~K" <6 8.5K <3 

99 "~710 2 t 3  2.2K <2 
67 <130 <2. 231 <I 

<I 3 <350 " <4 66K <2 

0 . 3  
<t  

19 
<Z 

<1 
<! 

<i  
124 < i .  7 H  <4 24K <2 <2 
173 <i.5K <4 39K <2 <2 

109 <250 <5 1.4K <2 <I 
<280 <3.8K <36 <3. IK <14 <34 
458 <2.80 <2 •331 " Z . 9  <I 

• 1 • i 



CLASS II. (Continued) 

O 
~0 

S a m p l e  Ob jec t  
No. Samp led  B r  S r  

124 Window F r a m e  43  
128 Bed F r a m e  
129 F o l d i n g  C h a i r  46 
t41  C h a i r  
t4Z C a b i n e t  
t52  C a b i n e t  
153 D o o r  
154 D r a w e r  
t55  C a b i n e t  
166 D o o r  F r a m e  
t67  W a l l  
168 D o o r  
t 7 0  Wall 
17t  W a l l  
t7Z WaH 
173 D e s k  
t75  W a t e r  Ski  
179 Sink 
182 Step L~dder 
183 Stool  
t 84  T a b l e  
186 T a b l e  
187 Bureau 

<37 < t l  <7 <21 
39 <31 <16 <10 <29 

104 <14 <'7 <24 
9 , 4  t14  < t0  <9 < t6  

t6  379 <28 <tfi <51 
21' t 9 0  <18 <23 <3Z 
46  122 <18 <t9  <33 
30 114 < t8  <22 <32 
25 96 <t7  <13 <3t  
16 Z57 < t t  <8 <18 
19 263 < t l  <9 <19 
18 <i2 <I0  <7 <17 
ZI' <13 < I I  <13 <19 
- -  < t9  <16 <24 <26 
87 <19 <t5  <23 <26 

17 <36 <19 <11 <33 
87 <44 <28 <12 <54 
37 810 <13 <8 <26 
29 <6 <13 <8 <16 

9 . 9  435  <21 <10 <30 
50 147 <Z6 <9 <46 
9.6 . I. 3K <22 <16 <36 

20 <10 <12 <9 <21 

<3 64 <4 <2 
<4 57 <17 <3 

0 . 9  89 <8 <3 
0 . 3  51 <2 <2 
0 .  I 477  <4 <S 

<2 4 .  I <5 94 
<3 5 , 9  <6 50 
<3 2.7 <10 44 

0 . 8  77 <14 17 
0 . 3  19 <6 <2 
0 . 3  24 <7 <2 
0 .3  40 <11 71 
O. 3 39 <35 <3 

<2 - -  <=46 <3 
<I 2.0 <4-7 8 . 3  
<3 <2 <3 1 . 0 K  <2 9 . 8  <3 <2 0 . 1  <4 
<4 408 <7 353 <3 <6 45 7. t <7 <5 

0 . 2  54 <14 1 . 2 K  4 . 5  3 . 6  2 . Z  1 . 4  4 . 9  <3 
<61 41 <2 24 <1 3.  t 8 . 3  3 . 3  <3 <3 

<3 3.0 <15 103K 20 0.S t l  4 .7  <4 <4 
<1 Z44 <30 3, 6K <2 5 . 4  12 5 . 7  <6 <S 
<1 134 <33 72K 5 .6  2.2 <4 2.0 <S <4 

3.6 <t <16 811 <1 8 . 4  <2 <1 7.8 <3 
91K <67 <280 <18 <130 <89 <22 <3 <220 

0 . 7  2 . 4  9 . 1  <1 <3 <2 <1 <3 <2 

188 C h a i r  
t 9 0  Auto 

Element ,  ppm (K denotes  thousands  of ppm) 
W Au 

<33 ,~440 < 1 . 3 K  <17 < 2 . 5 K  <1 
65 <1t <10 <t7 <19 <86 

t7 .5.4 <3 51 
<16 <2 4.6 36 
930 t3 3 . 6  t5  
<16 12 2.7 <2 

8 . 1 K  13 
63 
5o 
49 
53 
30 
43 
34 

<21 
23Z 

85 

4 . 8  <3 
9 . 5  <4 
3.5 4.4 

<t <2 
14 Z8 <2 <6 

9.0 <3 <2 <2 <5 
8.4 <3 <2 <2 1 . 1  
7 . 1  <3 <2 <2 . 0 . 8  

14 <3 9.5 <2 0.2 
<1 4 .0  ZO 4.4 <3 
<1 2.9 2t  3.7 <3 

5.4 Z.4 15 5.7 <3 
5 . 0  3 . 1  18 6. t <3 
- - <3 14 - - <4 
4.1 <3 ,io 4.6 <4 



CLASS III. BLUE, VIOLET, OR GREF.N PAINTS (34 SAMPLES) 

b-a 

O 

Element, ppm (K denotes  thousands of ppm) 
N a  M g  A1 C I  K 

258 - - 17K 3.9K 4 4  
t . 7 K  <8 3 0  3 . i K  t . 4 K  9 7 5  
i. 3 K  < 5 K  4 . 7 K  < 3 K  3 t 6  

340 <5K 4ZK I. 8K <60 
Z23 <5K 20K 2.3K <36 

502 - - IZK 7.6K <5 
73 <IN 24K I. 5K <36 
42 < S K  1 7 K  I .  9 K  <40 
41 <8K 15K I.gK <40 

196 491 t , 2 K  2 . 0 K  <60 
255 <3K 2 . 6 K  55K <80 
6 6 7  <51< 8 • IK I .  2 K  4 2  
2 6 t  <5K 8.2K t . 2 K  7Z 
168 <BE t .  8K 7.4K 98 

4.2K 40K 6.6K 1.1K Z.SK 
607 <460 1.0K 4.~K 401 
8 0 2  7 . 3 K  2 . 8 K  4 . 8 K  7 6 4  

1 . 4 K  < 3 K  t . 9 K  4 . 6 K  8 2 2  
196 <330 2.7K Z.3K <36 
Z 0 5  < 2 K  3 0 K  6 .  t K  < 6 t  
52 <2K 40K 40 133 

1 1 4  < 1 6 K  7 . 9 K  1 3 K  I i 3  
1 0 3  < t 0 K  t l k  1 . 1 K  <55 
564 <IIK 35K I.gK <37 

Ca T i  V C r Mn F e  C o 

- = <47 548 2 3 K  I • 3 K  
6 9 K  t 0 6 K  - - Z 5 6  4 t  <5 K 8 0  
9 0 K  2 4 3 K  < i 0  <62 7 . 5  < 6 K  3 4 0  
- - < 3 K  <47 < 5 6  t .  6K  < 6 K  5 5 3  
<9K < 4 K  <I <44 Z6 7 . 9 K  <12 
. . . .  <93 <89 5 3 2  < 6 K  651 
<8K -- <32 . <34 5. i <4K <I0 

< 6 K  . - <22 <36  27  < 5 K  < I 0  
<7K .- <25 <35 25 <4K <9 

29K 47K 3.5 293 24  <8K Z49 
31K 170K 97 285 7Z <6K 249 

2 . 2 K  2 4 6 K  <8 7 5 6  t t  t ~ K  263 
-- 254K 6.0 821 16 1 0 K  243 
-- 57K -- 914 782  ~0K 653 
- - 6 . 8 K  64  1 5 3 K  94  5 4 K  < I 0  

<860 134K 5.7 Z56 24 <SK 18 
<2 5 i K  56 t 3 2 K  52 <6K 2 t 8  
<2 t 4 3 K  <5 1.  t K  53  t 4 K  4 4 3  

<IOK 159K -- 944 7.4 <5K <II 
< 5 0 K  < 4 8 0  < t 2  <81 l i 3  < g K  1 .  i K  
< 5 6 K  < i g K  < i 7  <62 3 . 6  < 7 K  <16  
<61K <3K <27 <66 263 <8K <17 
< 6 8 K  < 2 K  < i 4  <59 Z38  <TK <15 
< 7 2 K  < 2 K  <17 <60  3 0 8  <TK < t 6  

Ni Cu Zn 

<2.5K 576 < t K  
<450 <5 <680 

< I K  <3 t .  OK 
< 6 K  9 0 5  i 4 6  

<300 2 6 6  2 t 6  
- -  Z . 0 K  2 9 3  

<310 t 9 1  65  
<220 2 6 8  <45 
< 4 0 0  95 <44 
<970 <2 46K 

- -  <2  8.2K 

<290 <3 2 .  OK 
<'270 <3 595 

<6K 2 . 2 K  504 
< 2 K  <5 <220 

< 6 9 0  8 1 6  t 2 K  
<680 9 0 1  1 3 K  
< 7 8 0  <6 2 3 K  
<460 461 254 

<2K 3.0K 150 
<t30  5 4 1  191 
<860 535 $90  
<711 468 <170 

I .  8 K  <3 < 7 9  

S a m p l e  O b j e c t  
N o .  S a m p l e d  

2 0 1  A u t o  
2 i t  D o o r  

i Bookcase 
9 A u t o  

13 Auto 
19 Aoto 

21 A u t o  
23 . A u t o  
24 A u t o  
36 BooksheLf 
39 C a b i n e t  
53 Wall 

56 Wall 
67 Tool 

70 Table 
75 China Closet 
8 0  D o o r  Jamb 

81 Door Jan~b 
83 Washer 

t i 5  A u t o  
t t 7  A u t o  
I i 9  Auto 
t 2 0  A J t o  
12 ~. A u t o  
144 A i r  C o n d i t i o n e r  4 6 2  < 6 K  4 1 K  73Z 2 0 5  
145  A i r  G o r r d i t i o n e r  2 0 9  < 5 K  5 5 K  i .  Z K  2 1 i  
156 Cabinet 435 <25K 53K 2, iK 870 

162 Work Bench i.6K <3K 4.0K i.7K <150 

165 Door Frame 743 <900 5. ZK I. 3K 484 

174 Desk 715 <2K 7.3K 3.6K 315 
177 W a t e r  S o f t e n e r  845 <7K 44K 5. iK 96 
i 8 0  W a l l  H e a t e r  2 1 2  < 4 K  4 . 3 K  6 2 2  61  
i 9 1  Auto 68 <2K 23K ZZ 40 
lq5 Auto 38 <15K 24K Z, I K  24 

<2K 8.8K <31 <51 13 <5K 138 
<21< <4K <24 <49 9.7 <SK <12 

35K 37K <48 >77 104 59K 97 

27K 51K 42 61K 184 130K 1.5K 
184K 146K <7 <57 17 <6K 165 

<2K 205K <9 16 IZ <SK 257 
<2K <4K <31 <46 14 <SK Z97 
<2K I~.IZK <7 <44 241 <TK <11 

<7K <3K <29 <40 3.4 <5K <|i 
<SK <27 <2.? <37 23 3.7K <10 

<230 <3 2ZK 
<220 <5 <130 
<680 440 6.3K 

<i.3K 455 6|Z 
<470 <2 303 

<560 240 633 
< 7 4 0  4 4 0  5 i 0  

<ZK <3 6.7K 
<210 2 . 0 K  <82 
<190 176 42 



CLASS ILL (Continued) 

O 
t.n 

S a m p l e  
No. 

201 
2 t t  

1 
9 

13 
19 
2 t  
23 
24 
36 
39 
53 
56 
b7 
70 
75 
80 
81 
83 

i t 5  

1 t9  
t20  
12t 
144 
t45 
t56  
t 62 
t65 
174 
177 
180 
t 9 t  
195 

Object 
S a m p l e d  

Auto 
Door  
Bookca0e 
Auto 
Auto 
Aoto 
Auto 
Auto 
Auto 
BookeheI~ 
C a b i n e t  
W a l l  
Wa l t  
Too l  
Table 
C hiha Closet 
Door  3arab 
Door  2arab 
W a s h e r  
:Auto 
Auto 
Auto 
Auto 
AUtO 
A i r  C o n d i t i o n e r  
A i r  Gond i t ione  r 
Cab ine t  
Work  Bench  
Door  F r a m e  
Desk  
Wate r  So f t ene r  
Wa l l  H e a t e r  
Auto 
Auto 

Element,  
Ga Ao B r  

t . 2  <t 135 
<2 I 27 
<2 <t t8  

9. I <1 32 
5.1  <1 18 

<9 <I 3.8K 
<t <t 56 

3, 5 <1 12 
3.6 <1 12 

<2 <4 15 
<2 <2 2Z 
<2 <t 39 
7, t .  <I 35 

<I <2 34 
<3 <3 15 
<2 <1 t49  
<2 <2 753 
<2 8.7 58 
<t <t 50 
<1 <1 59 
2.1 <1 56 
2 . 4  <1 ?b  
Z. 8 <1 8t 
9 .4  <t 63 

• 9 . 3  <1 43 
9.5 <1 173 

15 3 .4  27 
<2 <2 20 
<1 <t t5  
<2 <t 19 

5 .7  <1 26 
<t 25 27 
2.9 <1 14 
3.7 <1 22 

s,  ~ 0  Ag Ge ~ 

<IK .<13 <23 <31 <1 <1 
<170 <18 <20 <30 <2 4 . 0  

<34 <9 <28 <16 <1 l i  
<240 :13 <23 <28 <I <1 

<I0 <6 <22 <13 <85 3.5 
<t <3 <37 <1 <140 <1 

<10 <t0 <t8 <21 <81 <1 
<8 <8 <18 <i7 <91 <t 

<14 <7 <18 <t6 <14 <1 
<76 <22 <10 <38 <3 489 
16t <13 <4 <Z2 <9 62 

8.6  <15 <7 <26 <t t7 
<11 <t2 <8 <20 <2 6.5 

<220 <t7 <4 <38 <t 4.0 
<60 <3t <5 <40 <7 <t 
40 <18 <6 <34 5 . !  5t  
179 <25 <6 <42. 0.6 299 
288 <22 <7 <40 0.6 60 
<15 <t0 <4 542 <1 9. t 
<59 <32 ¢4 <64 <4 <t 

<8 <~4 <26 <18 <67 1..3 
<32 <38 <10 <65 <4 <1 
<29 <34 <10 <57 <4 t3 
<~0 <tO <20 <20 <6 <t 
<tO <19 <24 <27 <98 <I 
<I0 <18 <23 <35 <2 <I 
130 <15 <21 <27 0.2 14 
<50 152 ~16 <47 <8 656 
65t <15 <9 42 0.5  30 

30 <t3 <9 <25 <2 ' 1t 
<23 <t5  <2t <29 <3 <1 
<76 <t0 <1t <18 <1 <t 
<12 <18 <21 38 <t 0 . 5  

<8 ' < 8  <19 <18 <2 <1 

pp,m (K denotes-thousands of ~.pm) 
I Ba  L~ ELf T a  

< I I 0  <65 <~ <2 <2 
4 . Z  $5 <2 7 .0  <2 

<73 76 <i I I  <2 
<t5  <89 <1 3 .3  <2 

<2 <4 <i <2 <2 
<3 <t <1 <2 <3 

5.3 t03 <1 <2 <2' 
<3 662 <1 <2 <2 
<3 845 <I <2 <2 
<4 i70K <~ <8 <5 

<27 4 . 2 K  <t 4 . 0  <3 
6.8 307 <I <5 32 

<8 t92 1.2 2 .0  33 
<t9 i25 <t <3 9 .0  
<t6 t45 9.2 <3 <4 
<2 39 3.8 2.7 t2  

<t6 5.5K 6.2 1 .0  <5 
<25 403 t9  6 . 7  0.4 

6.7 846 <I 2.4 <2 
<4 3 , 8 K  <1 4 0  <3 
<2 25 <1 <3 <2 

<10 695 <1 <3 <2 
<14 672 <I <3 <2 
<t8 <t0  <t <3 <2 

<2 Z2 <1 . <3 <2 
<4 26 <1 <3 <2 

<32 1 .5K 31 <3 <2 
<25 <28 <2 <9 27 

<2 995 <2 1.6 8 . 7  
63 2.1 <1 '<3 <2 
<7 422 <I <3 , :2 

<28 <46 <I <3 <2 
2 .3  <7 <1 <2 <2 

<7 7~3 <i <2 <2 

W A u  H8 

<1 <3 <3 
<2 5.0 7 .3  
<1 6.4 
<i  <3 <2 

<42 <2 <i  
<1 <81 <I 
<1 <2 <2 
<I <2 <2 
<I <2 <2 

3. S <5 <5 
3 .1  <3 <3 
9 .9  <4 <3 
9 .0  <3 <2 
3.7 <3 <3 

<2 <5 <5 
<2 <5 <4 
<2 0.2 92 

3.0 4 . 1  <4 
1.4 9.2 <2 

<~ <6 <5 
<I <3 <3 

4 . 4  <7 <6 
8.9 <6 <6 

<i <3 <2 
<2 <4 <3 
<2 <4 <4 
<2 <4 361 
5 .6  <6 37 

<I ~-4 <3 
<I <3 <3 
<! <6 <3 
<1 <3 <2 
<i  <3 <3 
<I t .  6 <2 



CLASS IV. YELLOW, ORANGE, OR RED PAINTS (23 SAMPLES) 

O 
C~ 

S a m p l e  O b j e c t  
No. S a m p l e d  Na Mg 

t l  Auto 212 <2K 

17 Auto  Z24 -- 

Z6 Sa i l  B o a t  I 8K < 120 
Zo Auto 59 < 5K 

E l e m e n t ,  ppm (K denotes  thousands  of ppm) 
AI CI K G T i  V C r  Mn Fe Co Ni  

I. 4K 5. 9K <YZ <YK 825 3.4 64K 7.6 <8K <16 385 

579 334 145 <gK <4K <I0 IIK 7. 3 <6K <12 <400 
2. 3K 1.6K <200 -- ll0K- <I Z4K 1.0K <YK 268 <760 

3. IK 411 131 <6K Z 4 I K  - -  167 Z. 5 <SK < I 0  < 3 6 1  

Cu Zn 

< 4 250 
<4 82 

< 6  < 3 2 0  
<2 2.8K 

34 Signal Post 917 <66 

42 Cabinet 599 < 4K 
43 Auto J~6 <ZI0 
51 L o o s e  Wal l  536 6. 8K 
61 Wall 3. 4K 3ZK 
6Z Wal l  418 3ZK 
60 S h e l f  863 < 3 K 
77 C h a i r  398 

107 Aut~ 198 < 5 K  
125 Baby  Crib 135 <3K 
126 Table 780 <3K 
I 30 Sofa 473 <7 K 
163 F o r k  L i f t  363 < 3 K  
176 B e d  F r a m e  468 < 3 K  
181 S t ep  L a d d e r  ! 6K <3K 
185 Table 173 <3K 

189 Auto 95 <57 
193 Au to  110 <4K 

194 Auto 165 <3 K 

5.9K 78i 32Z -- 5ZK 
5. 7K 596 357 62K 255K 
L 4H 789 <70 <850 <300 
3 1H 2. 3K 865 23K 44K 

Z3K 963 2. 3K <20K 51K 
23K 753 I. 9K <Z0K 47K 
2. 3K 889 169 -- 144K 

<2 K 946 6. OK 249 I. 2K 1. 5K 
Z. 3K 3.9K <I00 <I. ZK -- 
3. IK 567 Z25 153K 198K 
3 3K 1.5K 399 IIYK 158K 

31K I. 3K 362 <ZH <6K 

8. 2K 705 <79 

3.8K 1 . 2 K  ! 41 
Z. 6K 1. 8K Z21 
I. 4K 2. ZK 840 

2. 9K 279 22 
13K 442 < 37 

4. 5K 920 <49 

<I Z4K 130 <4K Z07 < 580 < 4 34K 
<7 <55 46 <5K 269 < 340 < 3 !. 2K 
3.9 50K 4.8 <SK <IZ <220 <3 867 

17 3.0K 64 <8K 60 <930 <3 |0IK 
<9 1.0K 44 ilk 6.5 <710 <5 554 
II i.2K 50 8.8K <II <780 <5 622 
-- <82 I. 7 <YK 223  < 330 < Z "3, 2K 
2.1 <71 20 <8K |.2K <680 <2 <90 

< 5  ZYK 3.0K <5K <ll <i4K <3 <130 
<6 3. 6K Z7 <6K I 37 < Z40 < 2 i. 3K 
<5 825 21 <4K 44 < 350 < 3 I. 4K 

<27 212 625 87K 266 <3K <6 475 
<2K 3.3K <II 161K 3.! 144K Z. 0K <Z00 <3 <8Z 

<ZK 154K <7 I. OK 56 i IK <I i < 650 < 5 749 

8.3K 9.5K 31 42K 14 <6K 352 <IK <4 I. IK 
9.9K 1.7K <5 <52 213 <5K 212 <ZK <4 811 

<ZK 931 7.2 14K 6. 3 21K <12 <180 <Z <73 
<ZK <960 <IZ <43. 9.4 9. iK 3.0 <520 732 <YZ 

<ZK 249K <9 50 i8 <6K 45 <210 <2 1.9K 

3 



C L A S S  IV. ( C o n t i n u e d )  

0 
..~ 

Sample Object E l e m e n t ,  ~pm (K d e n o t e s  t h o u s a n d s  of ppm) 
No. Sampled Ga As Br Sr Mo Ag Cd In Sb I Ba La H.f Ta W Au Hg 

11 Auto <Z <Z Z09 <45 9.3K <4 <75 <5 2.8K 14 5.3K <l <I0 <6 <2 <8 <7 
17 Auto <Z <l 36 Z. 2K {.5K <ZZ 57K <4 692 <17 47K <i <2 <5 <l <6 g. ZK 
26 S a i l b o a t  < 3  < 5  164 < Z 7  < 5 0  < 4  < 3 1  < Z  i . 6 K  < f  692 < Z  < 7  < 5  < 3  < 0 .  i < 8  
28 Au to  

-- <2 i4 c<5 <7 <1,9 <11 0.1 8.8 <3 3.4 <! <2 14 4.9<2 <2 
34 Signal Post 1.5 0.2 28 <23 <Z2 <4 <31 3.7 03 <4. 538 <2 <3 <3 <Z 0.| <4 
42 Cabinet <2 <3 107 45 <3J <I0 <52 <3 27 <18 457 <Z <3 <Z <Z 1.6<6 

.13 Auto <2 <Z 102 <II 3. IK <7 <17 <66 1.5K <I 4.3K <I <8 <5 <l <7 <5 
51 Loose Wall 1.9 37 69 <40 <Z4 <6 <37 "5.5 ZZ <4 69 <2 1.0 <4 <Z <5 <5 

61 Wall Z.0 1.8 II 2-4 <Z5 <21 <46 0.5 1.9 <5 82 13 <3 <Z <Z <4 <5 

6Z Wa!l  9.7 Z. 9 |4 Z7 <Z4 <21 <47 1.3 7.9 <8 99 13 <3 <2 <Z <4 <5 
69 S h e l f  < Z  1.?. 38 145 < 1 3  < 4  < Z 4  0 . 6  65 3 . ; '  85 14 2 . 7  17 5 .1  0 . 1  < 3  
77 Chair <Z <l 64 71 <12 <6 <Zg <2 489 <4 6. ZK <I <4 <Z <i <3 <3 

107 Aut, <I <2 45 <640 Z. 8K <21 <37 <0.5 468 <37 839 <1 <4 <4 <R <5 <4 
{25 Baby Crib < i < I 53 74 <iZ <8 <Z0 <98 54 <2 44 15 7.5 19 5.9 <3 <Z 

~Zb Table <Z 1.3 14 37 <IZ 24 <Z2 0.3 43 <3 37 5.8 3.1 <Z <! 0.3 <5 
30 Sofa 6.6 2..I 44 <99 <14 <ZZ <28 <0. Z 1.7 <5l I.ZK II <3 <Z <I <3 <3 
63 Fork Lift <Z <l ZZ <8 < 15 <9 <17 1.7 0.8 <8 <7 <l <10 18 <l <3 <3 

76 Bed Frame <Z <Z 132- <Z7 <16 <8 <'34 <3 ~'19 <6 102 1.9 <4 9.5 3.4<4 <3 

81 Step Ladder <Z <I 51 <39 7.0K <II <33 <4 Z8 <9 3.6K <I <4 <4 <Z <5 <4 

85 Table <Z <2 135 <78 <18 4.2- <36 <i <Z <2-3 <50 3.4 <3 <Z 3.7 <5 <4 

8/} Auto <1 <| 53 <7 |.ZK <|I <Ji <44 320 <;'.3 <5 <1 <4 <3 <1 <'3 <3 
193 Au to  0.6 <I Z5 <16 <15 <15 <31 <| < l  <6 Z5 <i <Z 4.4 <1 <3 <3 

194 Auto <1 <I 111 9.3 <li <I0 <Zi <I 1.5 <6 <I <1 4,4 IZ 4.0 3.9 .~2 



CLASS V. BROWN OR TAN PAT]~TS (i9 SAMPI .~S)  

O 
CO 

.~nnpl e Oh j e t !  
N,J. Sam pl ed 

~,~. Trash  Can 
37 Doors 
.~,L Window Frame  
~¢,7 Wall 
%H Wall 
60 Cabinet 
b4 Wall 
66 D,, . r  

H~ D,)or F'an 

E l e m e n t ,  ,ppm (K denote s  thousands  of  ppm)  
Na M s Ai C I  K 

660 < t 10 4.9K. 31 Z60 
144 <ZH 483 982 .~70 

I.•|K < 4 K  3 .7K 1.3 K 495. 
Z69 - -  399K 27Z 616 
574 <4K  4.2K 898 247 

I. ZK f S K  2&K <40 487 
4 IK <61< 2 .7K < 4 K  2 .6K  3IK { .SK 88 
2 .9K  20K 28K 741 807 IZ0K 5 iK  < 9 
1.4K < 3K. 951 . 3 .6K  437 - -  87K <4 

844 <4Z0 Z.0K Z. 4K Z~6 < I J K  146K < 4  

Ca Ti V Cr  Mn F e  Co Ni Cu 

- -  171K <1 5 .8K 1.4K- < 6 K  247 <800 < 4  
28K 9. 3K 62  <990 9.6 - -  < 6 4  .<830 <17 
47K Z i0K t3 6 . 9 K  28 39K ZZO -<690  < 3  
- -  1O5K < 31 659 126 i 4 g  <Z0- <560 <;> 
71K Z;'SK 27  6 .0H 29" < 4 K  t 7 5  <3"/0 342 

< 2 1 K  73K <6  <80 129 6.6K 334 <730 <3 
2. ZK 

88 
<05 
146 

Zn  Ga 

2 . 6 K  <Z 
67K <7 
73K 1.5 

Z. 0K ° 9 . 0  
66K t .  6 
Z3K I 1 .  

4 . 4 K  75K 206 < 2 6 K  i .  I K  93K <4 
407 8. IK  47 <ZK  <5  5 .6K  15 

z. 9 < 5 K  t48 < t E  <Z 2 .4K  <Z 
176 <SK <. i i  < 8 6 K  <Z < 4 8  <1 

1L$ Ch©lt  i: 3K <570 5 .2K i , 4 K  951 13K 183K <3  L05 • 43 
146 A i r  C,m~i t ioner 196 <Z5K 51K 546 588 < 8 K  < 4 K  < 16 202 35 
14 ° Do,), 453 <ZK J .0K Z. 4K 628 141K 27K <5 92 404 
t'~0 Cabi., : !  ~ .  3K <EK 8 .5K 1.3K I . | K  13K 166K < 1 0  1.4K 493 
t"~! " Wind,~w Frame I. SK <SK ZSK 638 2 .7K 20JK 144K <27 <42 Z6 
IbU Wall t6Z - -  82K Z.SK 447- 47K 171K < 55 95 13 ;> 
17/4 D,,,,r BSS < 5 K  3.9K 575 155 i05K 2~'3K 7.8 25 j  851. 
t~a6 Auto 14R - -  49K l i 7  <46 <,IZK 7 . 9 K  <42 <40 816 
";6 Chai r  456 < 3K 2 . 5 K  787 i76 < 10K 53K <5  <42 240 

< 9 K  323 <660 <4  6. ZK < 2  
19K <15 <260  <3  l .  l K  15 
61K 419 < 3 K  331 2 5 5  <1 
36K 163 < 3 K  <5 3 .3K <3 

<SK 4t <430  <3  < lZ0  7 .8  
2 .8K  <12 <330 85 6 . 0 K  16 

< 5 K  51 < 5 K  <4  15K 1 . 0  
I qK  < I I  <560 5l  < T Z  3.0 
47.K 0. Z < 2 K  < Z  338 < t  



CLASS V. (Continued) 

b.A 

O 
,,D 

/ 

samp|e Object -- E l e m e n t ,  p p m  (K d e n o t e s  t h o u s a n d s  of p p m )  
No. S a m p l e d  As  Br  S r  Mo Ag Cd In Sb I Ba L a  Hf Ta  W Au Hg 

33 Trash Can 3.0 29 <31 <17 <4 <32 <2 5.4 <2 <I0 <2 <3 <2 <2 <4 <3 

57 Doors <38 <i0 <130 <280 <11 <240 <4 35K <II 155K <3 <31 <Z0 <18 <I <50 
52 Window Frame 24 31 185 <25 <9 <40 1.8 97 <4 5.7H 3.0 1.8 :'5 5.9 <5 <5 

57 Wall 16 29 <ZI 57 <34 <24 <3 44 <Z3 79 23 <5 <4 4.3 <3 52 

58 Wall 15 1.6 Z02 <20 <8 <31 1.9 91 <24 0. BE <I 5.5 21 5.7 <4 <4 
60 Cabinet <2 12 67 <2! <31 <35 <3 22 <4 6. iK 24 <4 <3 <2 <5 <4 

64 Wall 709 59 <21<<48 <47 <93 95 {5 <210 5.8K ZZ <5 <3 <4 <1 I05 
66 Door 4.4 18 <58 <28 <25 <50 <I0 Z0 <40 3.9K 14 <4 <3 <2 <6 <5 
68 Ref.-igerator <! 187 8! <14 <5 <26 0.7 95 <5 <17 <I Z.l <Z <I 9.0 <3 

85 Doer Fan t.6 6| 134 <|7 <5 <8 <24 5.8 <| 455 17 <3 <2 <I 8.Z <3 
i23 Chest 2.9 53 <24 <23 <11 <41 <2 6.9 5.5 798 <2 <4 5 ;). 7.4 0.3 <4 
146 Air Conditioner 43 55 <II <18 <28 474. <Z 8.0 <7 1.7K 1.8 <3 <Z <Z 0. Z <3 

149 Door 21 38 <91 <23 <8 <25 <5 <I <6 247 <l <2 <2 <I 0.1 <3 
150 Cabinet 15 75 <IZ0 <25 <I0 <46 <8 7.4 <IZ 6.3K I0 <3 Z2 <Z 1.8 Z09 
t51 Window Frame 1.2 17 |22 <17 <22 <29 <Z 4.0 <3 52 5.8 <3 <Z <:) 0.3 63 

169 Wail 0.6 7.3 <ll <I0 <22 <16 <5 <I <22 <17 6.1 <3 15 <I <3 <2 

178 Door <I 47 848 <16<17 <28 <I 26 <5 157 i'.5 <3 9.7 3.1 0. I <3 
196 Auto <I 80 <ZZ <9 <Z0 <17 <4 <I <30 Z. 4K 0.3 <3 <Z <I <3 <2 

7~ Chair <| 24 <51 <II <6 <20 <I 0.7 <6 Z. 6K Z.l 27 4.7 2.2 <3 <2 
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