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o
m

b
ard

in
g
 th

at su
b
stan

ce, fo
r it co

n
tro

lled
 p

erio
d
 o

f tim
e, w

ith
 

en
 in

ten
se stream

 o
f n

u
clear p

articles, u
su

ally
 n

eu
tro

n
s, p

ro
d

u
ced

 b
y

 
a research

-ty
p

e n
u

clear reacto
r. T

h
is b

o
m

b
ard

m
en

t ("n
eu

tro
n

 acti-
vation”) produces radioactive species (radionuclides) of alm

ost all of 
th

e elem
en

ts th
at are p

resen
t in

 th
e sam

p
le. 

A
s ex

p
lain

ed
 earlier, th

e rad
io

activ
e iso

to
p
es ten

d
 to

 retu
rn

 to
 

a stab
le (n

o
n
-rad

io
activ

e) fo
rm

. T
h
is p

ro
cess is cu

lled
 th

e d
ecay

, 
an

d
 th

e d
isin

teg
ratio

n
 o

f th
e rad

io
activ

e elem
en

ts is acco
m

p
an

ied
 

w
ith

 th
e em

issio
n

 o
f h

ig
h

-en
erg

y
 electro

m
ag

n
etic rad

iatio
n

s called
 

g
am

m
a ray

s. T
h

e g
am

m
a ray

s are th
en

 co
u

n
ted

 ("an
aly

sed
"), a 

p
ro

cess w
h
ich

 rev
eals th

e h
alf-liv

es o
f th

e rad
io

activ
e n

u
clei an

d
 

also
 th

eir g
am

m
a ray

 en
erg

ies, B
y

 co
m

p
ariso

n
 o

f th
e d

ata th
en

 o
b
-

tain
ed

 w
ith

 th
eo

retical eq
u

atio
n

s an
d
 ex

p
erim

en
tal p

aram
eters, o

r b
y

 
co

m
p

ariso
n

 w
ith

 th
e d

ata o
b

tain
ed

 fro
m

 activ
atin

g
 p

u
re sam

p
les o

f 
th

e elem
en

ts, th
e q

u
an

tity
 o

f each
 elem

en
t p

resen
t in

 th
e su

b
stan

ce 
can

 h
e d

eterm
in

ed
.' (S

ee F
ig

u
re 6

6
.) 

I. Q
u

in
n

, "N
-a

lm
a

 A
rtfro

tio
n

 A
tm

ly
o

k
 	

h
i fo

r( e
o

o
f. O

N
 
P

o
rro

fic
 a

c
lic

n
firw

 
m

ot 5u5 V
oom

ode A
pplieuflons," 

In
c
.

o
 
	

r
ifn

  

F
ig. S

O
. 	

frio
vs o

f va
rio

u
s e

le
M

e
n

h
t ca

n
 L

e
 Id

e
n

tifie
d

 e
n

d
 

,n
.-s

.o
m

l lry
 o

n
o
ly

z
in

g
 fir g

a
m

m
a
 n

ip
?
 /h

e
y
 ra

re
 o

ff th
e
lt ic

in
g
 Irro

a
lo

te
d
 w

ith
 

0
0
0
in

.o
.. o

r 01 he
r m

srle
ttr p

n
rIle

lrs 
C

la
irte

x
p
: 

F
. e

l ;U
M

W
 is

 E
n
e
rg

p
 C

o
o
d
o
lsa

io
N

. 



 
 

 

 

 
 

 

 
 

 
 

W
hen a radioactive elem

ent decays w
ith the em

ission of gam
m

a 
ray

s, th
e en

erg
y
 lev

el g
en

erated
 d

iffers d
ep

en
d
in

g
 u

p
o
n
 th

e b
in

d
in

g
 

en
erg

y
 o

f th
e n

u
cleu

s. E
ach

 iso
to

p
e h

as o
n
e o

r m
o
re d

istin
ct b

in
d
in

g
 

energies, 
n

o
d

 th
erefo

re a ch
aracteristic g

am
m

a ray
 en

erg
y

 lev
el. 

T
he energy of the m

unm
a ray is designated in M

ev, for "M
illion elec-

tro
n

 v
o

lts." T
h

e ab
ility

 o
f a !lu

ck
ir o

f an
 ato

m
 to

 cap
tu

re b
o

m
-

b
ard

in
g
 n

eu
tro

n
s also

 v
aries fo

r each
 elem

en
t. G

en
erally

, elem
en

ts 
w

ith
 a h

eav
ier n

u
cleu

s, th
at is, a g

reater n
u

m
b

er o
f p

ro
to

n
s an

d
 n

eu
-

tro
n
s, are m

u
te ab

le to
 cap

tu
re b

o
m

b
ard

in
g
 n

eu
tro

n
s, alth

o
u
g
h
 th

ere 
are ex

cep
tio

n
s to

 th
at ru

le. T
h
e p

ro
b
ab

ility
 th

at a stab
le n

u
cleu

s 
w

ill cap
tu

re th
erm

al n
eu

tro
n
s is m

easu
red

 b
y
 its "cro

ss sectio
n
" an

d
 

is ex
p

ressed
 in

 "b
arn

s." S
o

m
e elem

en
ts h

av
e lo

w
 "b

arn
" v

alu
ea, 

m
ean

in
g
 th

at th
ey

 cap
tu

re th
erm

al n
eu

tro
n

s v
ery

 relu
ctan

tly
. A

n
 

ex
am

p
le o

f th
at is o

x
y

g
en

, w
h

ich
 h

as a b
arn

 v
alu

e o
f U

.0
0

0
2

, w
h

ich
 

m
ak

es it v
irtu

ally
 u

n
u
sab

le fo
r N

A
A

. C
ro

ss sectio
n

s o
f stab

le iso
-

to
p

es ran
g
e fro

m
 ab

o
u
t 1

0
–

'• all th
e w

ay
 u

p
 to

 T
O

 b
arn

s. T
h

e 

h
ig

h
er th

e b
arn

 v
alu

e, th
e m

o
re sen

sitiv
ely

 th
e elem

en
t can

 b
e d

e-
tected

. T
h
ese th

ree v
alu

es, d
ecay

 rate in
 h

alf liv
es, d

ecay
 en

erg
y
 in

 
M

ev, and capture rate in barns, (tw
in the basis of N

A
A

." 

T
h
e in

stru
m

en
t u

sed
 in

 N
A

A
 is a n

u
clear reacto

r w
h
ich

 g
en

-
erates rad

io
iso

to
p
es fro

m
 tab

le sp
ecim

en
 co

m
p
o
u
n
d
s. T

h
e reacto

r is 
fu

eled
 w

ith
 a co

re o
f en

rich
ed

 u
r•an

iu
rn

-2
3

5
, w

h
ich

 is th
e so

u
rce o

f 
th

e n
eu

tro
n

s u
sed

 to
 b

o
m

b
ard

 a su
sp

ect sam
p

le. T
h

e cen
tral co

re 
o

f th
e reacto

r is im
m

ersed
 in

 h
eav

y
 w

ater su
rro

u
n

d
ed

 b
y

 a steel an
d

 
lead

 th
erm

al sh
ield

. 
T

h
e h

eav
y
 w

ater serv
es th

ree p
u
rp

o
ses: (1

) 
it slo

w
s d

o
w

n
 fast-m

o
v
in

g
 n

eu
tro

n
s w

h
ich

 are released
 w

h
en

 th
e n

u
-

cleu
s o

f a u
ran

iu
m

-2
3

5
 ato

m
 sp

lits ("fissio
n

s"); (2
) it rem

o
v

es h
eat 

created
 b

y
 th

e "ch
ain

 reactio
n
" as o

n
e after an

o
th

er o
f th

e u
ran

iu
m

-. 
2

3
5

 sto
m

a fissio
n

; an
d

 (3
) it acts as a sh

ield
 to

 p
ro

tect p
erso

n
n

el 
fro

m
 th

e h
arm

fu
l effects o

f n
eu

tro
n
s an

d
 g

am
m

a ray
s. T

h
e in

ten
-

sity
 o

f th
e ch

ain
 reactio

n
 w

ith
in

 th
e reacto

r 
c
a
n
 

b
e co

n
tro

lled
 b

y
 

instrum
entation. 

N
A

A
 tech

n
iq

u
es em

p
lo

y
 a h

ig
h
 th

erm
al-n

eu
tro

n
 flu

x
 p

ro
d

u
ced

 
in

 a research
-ty

p
e n

u
clear reacto

r•. H
ig

h
-flu

x
 N

A
A

 p
ro

v
id

es m
u
ch

 
g

reater sen
sitiv

ity
 th

an
 th

e m
u

ch
 lo

w
er th

erm
al-n

eu
tro

n
 flu

x
es 

available w
ith sm

aller neutron generators. 

	

2
. la

tc
h

, 
of 

.iL
, "N

aut con A
L

/Insilco/I 	
—

 S
am

e arcaat 	
alm

an
an

l a," n
 

J
. 

	

A
n
aly

n
is in

 riclo
n
t In

a (rin
la U

,'nn•t Inn 	
fo.r.S

et. 110 00114). 

9
.0

5
 D

escrip
tio

n
 o

f th
eN

A
K

T
eclu

itq
u

e • 
T

w
o
 d

ifferen
t N

A
A

 tech
n
iq

u
es m

u
st b

e co
n
sid

ered
: th

e p
u
rely

 

in
stru

m
en

tal (n
o
n
-d

estru
ctiv

e) 
an

d
 

th
e rad

io
ch

em
ical-sep

aratio
n

 

(d
estru

ctiv
e) m

eth
o

d
s. In

 in
stru

m
en

tal an
aly

sis, th
e elem

en
tal eo

n
-

.titu
en

ts o
f a sam

p
le are d

eterm
in

ed
 w

ith
o
u
t p

h
y
sical d

estru
ctio

n
 

o
f th

e sam
p
le. If, h

o
w

ev
er, th

ere is an
 in

terferin
g

 su
b

stan
ce p

res-

en
t, a rad

io
ch

em
ical m

eth
o
d
 m

u
st b

e em
p
lo

y
ed

 to
 rem

o
v
e it, w

ith
 

th
e co

n
seq

u
en

ce th
at alth

o
u
g
h
 an

aly
tical resu

lts c
a
n
 b

e eh
tain

ed
, th

e 

specim
en is co

n
su

m
ed

 in
 th

e p
ro

cess. In
 crim

in
al in

v
estig

atio
n

, th
e 

non-destructive m
ethod is preferred. 

A
s is th

e case w
ith

 all trace ev
id

en
ce, th

e u
n

k
n

o
w

n
 m

aterial, 
w

h
eth

er o
f b

io
lo

g
ical o

r n
u
n
-b

lo
lo

g
ical o

rig
in

, arid
 th

e m
atter w

ith
 

w
h

ich
 it is to

 b
e co

m
p

ared
 m

u
st h

e g
ath

ered
 an

d
 tran

sm
itted

 to
 th

e 

ap
p

ro
p

riate testin
g

 p
lace. T

h
ere, after w

ash
in

g
 o

r o
th

er rem
o

v
al 

of 
co

n
tam

in
an

ts, th
e sam

p
les, alo

n
g
 w

ith
 co

n
tro

l item
s to

 d
etect 

w
h
eth

er p
ro

cessin
g
 h

as ad
d
ed

 an
y
 im

p
u
rities, are p

laced
 in

 v
ials. 

T
h
ese v

ials are th
en

 in
tro

d
u
ced

 in
to

 th
e reacto

r b
y
 m

ean
s o

f a 
p
n
eu

m
atically

 o
p
erated

 "rab
b
it tu

b
e" an

d
 are p

laced
 o

n
 a ro

tary
 

"lazy
 S

u
san

" rack
 in

sid
e th

e reacto
r. T

h
e ro

tary
 rack

 is u
sed

 so
 

th
at th

e n
eu

tro
n

 flu
x

 d
en

sity
—

th
at is, th

e n
u

n
ib

er o
f b

o
m

b
ard

in
g

 

n
eu

tro
n
s p

er sq
u
are cen

tim
eter p

er seco
n
d
—

is th
e sam

e fo
r all o

f 

the sam
ple. 

W
h
en

 th
e reactio

n
 p

ro
cess is started

, th
e elem

en
ts co

n
tain

ed
 in

 
th

e sam
p
les are m

ad
e in

to
 rad

io
activ

e iso
to

p
es as ad

d
itio

n
al n

eu
-

tro
n
s are ad

d
ed

 to
 th

e n
u
cleu

s o
f each

 o
f th

e ato
m

s co
m

p
o
sin

g
 th

e 
su

b
stan

ce. A
to

m
ically

, th
e elem

en
t is u

n
ch

an
g

ed
; th

at is, it h
as th

e 
sam

e n
u
m

b
er o

f p
ro

to
n
s an

d
 electro

n
s. It is th

e ad
d
itio

n
 o

f th
e n

eu
-

tro
n
s to

 its stru
ctu

re th
at m

ak
es it rad

io
activ

e an
d
 cau

ses it to
 em

it 
g

am
m

a ray
s. A

fter an
 ap

p
ro

p
riate tim

e in
 th

e reacto
r, th

e sam
p

les 
are rem

o
v

ed
. T

h
e tim

e p
erio

d
 o

f irrad
iatio

n
 v

aries fro
m

 o
n

e to
 sev

-
eral h

o
u
rs, d

ep
en

d
in

g
 o

n
 th

e d
ifferen

ce in
 b

arn
 v

alu
es o

f th
e ele-

m
en

ts to
 b

e id
en

tified
. 

A
fter th

e rem
o
v
al fro

m
 th

e reacto
r, th

e sam
p
les are "co

u
n
ted

." 

T
h
is is d

o
n
e b

y
 ex

p
o
sin

g
 th

e sam
p
le to

 a scin
tillatio

n
 cry

stal. T
h
e 

u
n

iq
u

e p
ro

p
erties o

f th
is cry

stal cau
se it to

 g
iv

e o
ff a flash

 o
f lig

h
t 

w
h

en
 it is stru

ck
 b

y
 a g

am
m

a ray
. T

h
e in

ten
sity

 o
f th

e flash
 is in

 
p
ro

p
o

rtio
n

 to
 th

e en
erg

y
 o

f th
e g

am
m

a ray
. S

in
ce each

 iso
to

p
e 

em
its g

am
m

a ray
s o

f d
istin

ct en
erg

y
 lev

els, th
e b

rig
h
tn

ess o
f th

e 
flash

 o
f lig

h
t sh

o
w

s th
e p

resen
ce o

f certain
 elem

en
ts. (S

ee F
ig

u
re 

57.) 
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I
  

•
 

5
7
. 	

U
IIia

r•en
 rd.  IV

Itr n
n

 uotirrated m
uotplo•

ryryrt.p
p
n
, rp.rtigag  o

f 
11W. rilm

entin  n
.o

rp
w

lirts n 14c14.c101 
Ifj,In

rt• o
f era., ie w

vn 0
,I3

 Ih
r
 N

e11.1.1s o
f /11.4,

  sw
ills 

1-4v■ik
, 	

Ituff I.:m
o
u
n
t 

.11 ,,,,, er, 
S

tflt 

"T
Iff F

L
A

( H
ei o

f 
L. 

b
u
r 

/In
s o

crecree  (S
y
 nt,67-4..fuL

r 'ru
e
&

 
• 

cu
n
v
ert th

e lig
h
t en

erg
y
 in

to
 eleetricel p

u
lses in

 p
ro

p
o
rtio

n
 to

 th
e 

b
rig

h
tn

ess o
f th

e flash
. T

h
ese electrical p

u
lses a

re
 th

en
 fed

 in
to

 a 

m
u
ltich

an
n
el d

ifferen
tial A

n
aly

zer, w
h
ich

 th
en

 co
u
n
ts th

e n
u
m

b
er o

f 

flash
es o

f lig
h
t fo

r each
 en

erg
y
 lev

el o
r "ch

an
n
el." T

h
ese resu

lts 

are then plotted graphically on an eecilir;scope, 	
.-itered on tape for 

later d
isp

lay
. Id

en
tificatio

n
 o

f th
e elem

en
ts in

 a sam
p
le is m

ad
e b

y
 

co
m

p
arin

g
 th

e g
rap

h
ic ch

art d
ep

ictin
g
 th

e d
isieteg

ratlo
n
 (d

ecay
) 

o
f th

e rad
io

activ
e ato

m
 o

f ;all u
n
k
n
o
w

n
 su

b
stan

ce w
ith

 a sim
ilar 

ch
art o

f a k
n
o
w

n
 E

u
h
starice, id

en
tificatio

n
 1

5
 m

ad
e p

o
ssib

le. 

A
p
p
rex

im
ately

 sev
en

ty
-fiv

e d
ifferen

t elem
en

ts can
 h

e d
etected

 

b
y
 
N

A
A

. T
h
e ex

trem
e sen

sitiv
ity

 o
f N

.A
A

 allo
w

s It to
 id

en
tify

 

so
m

e elem
en

ts in
 co

n
ten

tratien
e as lo

w
 as o

n
e-ten

 m
illio

n
th

 o
f a 

m
icro

g
ram

. O
th

er elem
en

ts. less sen
sitiv

e to
 d

etectio
n
, m

u
st b

e 

p
resen

t in
 co

n
cen

tratio
n
s as h

ig
h
 as T

i m
icro

g
ram

s 1
5
 m

illio
n
th

s o
f 

a g
ran

t). 

§ 9.136 S
pecific A

pplications 

1
. G

U
N

S
H

O
T

 R
E

S
ID

U
E

 T
E

S
T

S
 

G
u
lf G

en
eral A

tem
ic h

as d
ev

elo
p
ed

 a m
eth

o
d
 to

 d
etect g

u
n
sh

o
t 

resid
u
es o

n
 th

e g
u
n
h
an

d
 o

f a p
erso

n
 w

h
e h

as recen
tly

 fired
 a rev

o
lv

-

er o
r a

u
to

m
a
tic

 p
is

to
l o

r ev
en

, in
 so

m
e in

stan
ces, rifles an

d
 sh

o
t-

g
u
n
s. T

h
e
 N

A
A

 te
st is fa

r sn
o
re

 a
c
c
u
ra

te
 th

a
n
 th

e
 o

rd
in

a
ry

 d
i-

phenylam
ine 1

-
p
araffin

") T
est d

iscu
ssed

 in
 C

h
ap

ter 4
 an

d
 m

o
re re-

liab
le th

an
 th

e H
arriso

n
-G

ilro
y
 test as w

ell. T
h
e m

eth
o
d
 in

v
o
lv

es 

retriev
al o

f an
y
 p

o
ssib

le g
u
n
sh

o
t resid

u
es fro

m
 a selected

 area o
n
 th

e 

h
ack

 if th
e su

seect's h
ard

 b
y
 a m

o
d
ified

 p
araffin

 p
ro

ced
u
re, u

sin
g
 

a 
th

in
 layer 	

selected
 p

araffin
 an

d
 n

o
 g

au
ze. T

h
e p

araffin
 lift is 

th
e, 	

in
 th

e n
u
clear reacto

r w
h
ich

 p
ro

d
u
ces a rad

io
ch

em
i- 

cal 
$epliriA

:1,ii o
f an

y
 rad

io
activ

e b
ariu

m
 an

d
 an

tim
o
n
y
 (b

lo
w

b
ack

s 

ire:sr the L
astridge 1..rirn

er r th
u
s p

ro
d
u
ced

. A
 q

u
an

titativ
e m

easu
re-

m
en

t o
f th

e am
o
u
n
ts o

f th
ese tw

o
 n

o
w

 rad
io

activ
e elem

en
ts, b

y
 th

e 

n
p
p
ro

p
ilate co

u
n
tin

g
 m

eth
o
d
s, co

m
p
letes th

e p
ro

cess. T
h
e am

o
u
n
ts 

of 
th

ese tw
o
 elem

en
ts are p

reser.t in
 th

e p
rim

ers u
sed

 in
 IL

 S
. an

d
 

m
an

y
 fo

reig
n
 m

ad
e arn

m
u
n
izien

s, an
d
 w

h
ich

 are d
ep

o
sited

 in
 ev

en
 a 

sin
g
le firin

g
. are n

erm
ally

 rn
u
e'n

 larg
er th

an
 th

e b
are traces o

f th
e 

elem
en

ts th
at m

ay
 b

e p
resen

t o
n
 th

e h
an

d
s o

f p
erso

n
s w

h
o
 h

av
e 

n
o
t recen

tly
 fired

 a g
u
n
. 

B
ecause 	

th
e h

ig
h
 co

st o
f th

e eq
u
ip

m
en

t in
v
o
lv

ed
, it is u

n
lik

e- 

ly
 th

at sil b
u
t a few

 law
 el:feu

:en
:es-it ag

en
cies still b

e ab
le to

 ac-

q
u
ire th

e n
ev

essary
 lestailatien

. A
s a resu

lt. G
u
lf G

en
eral A

to
m

ic 

in
stitu

ted
, in

 1
9
A

S
. a fo

ren
sic activ

atio
n
 an

aly
sis serv

ice o
n
 a n

o
n
-

I- 	
lersis far th

e assistan
ce o

f law
 en

fo
rcem

en
t ag

en
cies. A

t th
at 

lim
e, tee •.est o

f th
e serv

ices w
as p

u
b
licized

 as fo
llo

w
s: 

1
. N

. m
iestru

ctiv
e eo

m
p
arieo

si o
f tw

o
 ev

id
en

ce sam
p
les (su

ch
 

a
s
 P

in
t f 	

m
etal, ;,:astie. ru

lt ter, p
ap

er 
grease. ruse, tape. 

eeelee,4
4
 



eeaerseesaisiie. 

eariju
an

a, etc., b
u
t ex

clu
d
in

g
 h

air: $
1
5
0
. A

d
d
itio

n
al sam

p
les u

f 
he  sam

e ty
p
e, in

terco
m

p
ared

 at th
e sam

e tim
e: 

$30 per sam
ple. 

f 
2
. N

o
n
d
estru

ctiv
e co

m
p
ariso

n
 o

f h
v
o
 stran

d
s (o

r sam
p
les) 

h
eir: $

2
5

1
1

. A
d

d
itio

n
al h

air sam
p

les to
 b

e in
terco

m
p

ared
 at th

e 
aarne tim

e: $50 per sam
ple. 

3
. A

n
aly

sis o
f o

n
e g

u
n
sh

o
t-p

araffin
 lift: $

1
9
0
. A

d
d
itio

n
al 

p
u
raffin

-lift sam
p
les an

aly
zed

 at th
e sam

e tim
e: $

4
0
 p

er sam
p
le. 

S
p

ecial p
araffin

 rem
o

v
al k

its 
req

u
irin

g
 a stan

d
ard

 p
ro

ced
u
re d

e-
veloped b

y th
e co

m
p
an

y
 are fu

rn
ish

ed
 an

d
 m

u
st b

e u
sed

. 

W
h
en

 n
ecessary

, th
e rad

io
ch

em
ist w

h
o
 h

as p
erfo

rm
ed

 th
e tests 

w
ill b

e av
ailab

le to
 testify

 as A
ii ex

p
ert w

itn
ess at co

at. 
It m

u
st be n

o
ted

 th
at w

h
en

 th
e h

an
d

 o
f a p

erso
n

 su
sp

ected
 o

f 
firin

g
 a g

u
n

 is h
eav

ily
 co

n
tam

in
ated

 b
y

 p
ersp

iratio
n

, it m
ay

 b
e im

-
possible to detect the presence of the elem

ents barium
 and antim

ony, 
b

y
 th

e p
u

rely
 in

stru
m

en
tal m

eth
o

d
. T

h
e so

d
iu

m
 an

d
 ch

lo
rin

e co
n

-
ten

t o
f p

ersp
iratio

n
, w

h
ich

 em
its h

ig
h

 activ
ity

 lev
els, m

ay
 o

b
scu

re 
th

e traces o
f b

ariu
m

 an
d
 an

tim
o
n
y
. In

 th
at ty

p
e o

f a case, o
n
ly

 th
e 

radio-ch
em

ical-sep
aratio

n
 fo

rm
 o

f N
A

A
 can

 b
e 

used, 
a m

eth
o
d
 

w
h
ich

 p
erm

its th
e tech

n
ician

 to
 sep

arate th
e v

ario
u
s elem

en
ts b

u
t 

w
h
ich

 resu
lts in

 th
e d

estru
ctio

n
 o

f th
e sp

ecim
en

. T
h
at m

eth
o
d
 is 

also
 m

o
re tim

e co
n

su
m

in
g

 an
d

 req
u

ires g
reater S

k
ill.' 

2
. B

A
IR

 

In
 ad

d
itio

n
 to

 th
e m

eth
o
d
s o

f h
air co

m
p
ariso

n
 d

iscu
ssed

 in
 

C
h
ap

ter 8
 (§

 8
.0

9
), ex

ten
siv

e ex
p
erim

en
tatio

n
 h

as b
een

 co
n
d
u
cted

 
w

ith
 in

stru
m

en
tal an

aly
sis o

f h
air sam

p
les. 

T
h

e presence of som
e 

2
9

 m
in

o
r an

d
 trace elem

en
ts in

 h
air sam

p
les h

as b
een

 d
isco

v
ered

 by 
in

stru
m

en
tal N

A
A

. in
 a ty

p
ical sp

ecim
en

 o
f h

air o
f o

rd
in

ary
 size 

(0
.1

 to
 1

 m
g
.), an

y
w

h
ere fro

m
 six

 to
 tw

elv
e trace elem

en
ts can

 b
e 

d
etected

. It m
u
st b

e n
o
ted

, h
o
w

ev
er, th

at, d
ep

en
d
in

g
 o

n
 th

e d
e-

burns. 
g
ree o

f irrad
iatio

n
, th

e h
air sp

ecim
en

s m
ay

 b
e d

am
ag

ed
 b

y
 rad

iatio
n
 

A
. D

. P
erk

o
n
s, w

h
o
 w

ro
te a P

h
.D

. th
esis o

n
 "B

air In
d
iv

id
u
al-

izatio
n

 S
tu

d
y

 b
y

 N
eu

tro
n

 A
ctiv

atio
n

" at th
e U

n
iv

ersity
 o

f T
o

ro
n

to. 
 

in
 1

9
6

5
, feels th

at th
e p

o
ssib

ility
 th

at tw
o

 h
air sp

ecim
en

s co
m

p
ared

 
co

m
e fro

m
 th

e sam
e p

erso
n
 req

u
ires th

at th
ey

 agree quantitatively 
in

 th
e lev

els o
f all elem

en
ts o

b
serv

ed
 in

 th
e g

am
m

a-ray
 sp

ectra, an
d
 

for at /east six to ten elem
ents.* 
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U
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M
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O
r ra

fA
A

N
K
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S

,.. o
r 

en
d

ed
 d

Ifteren
tiy

, 
th

e
re

 la
 o

n
ly

 g
a
le

 c
h
a
n
e
e
 in

 a
lm

a
 

,Ix
ltt,,a, o

f 
1411 areitk

lito
l laulcd 

C
h

ian
, 'fh

'r,'n
l fk

m
elo

p
een

tln
 In

 th
e 

A
P

Id
lralIo

n
 o

f .carn
al A

tItro
tio

n
 A

n
-

51yrsir.
Im

itritt Ii, P
lu

m
ie

d
r 

peon-
lo

in
s." 1

 4
r1,

-liat A
'oe. 1131, IG

O
 11:014.1. 

acv
 S

lan
g
. l'ark

o
sin

 &
 ten

+
+

, 'T
rim

! E
ft. 

M
eld

!: Iw
 1

1
1
 ,1

,1
,, (ten

d
 H

air!' 1
1
 1

. 

O
n

e o
f th

e p
ro

b
lem

s to
 b

e v
o

lisid
ered

 in
 th

e an
aly

sis o
f h

air is 
co

n
ta

m
in

a
tio

n
. 

S
ev

eral trace elem
en

ts d
isco

v
ered

 in
 h

air m
ay

 co
m

e 
fro m

 p
ersp

iratio
n

 o
r o

th
er ex

terim
l so

u
rces. It m

ay
 b

e d
ifficu

lt 
to

 clean
se o

r w
ash

 h
air sam

p
les to

 rem
o
v
e d

u
st,, g

rease, sh
am

p
o
o
, 

d
y
e, sw

eat, etc. b
y
 stan

d
ard

 w
ash

in
g
 p

ro
ced

u
res. E

x
cessiv

e w
ash

-
in

g
 in

 tu
rn

 m
ay

 rem
o

v
e so

m
e elem

en
ts th

at w
ere p

ro
b

ab
ly

 in
tern

ally
 

deposited and bound in the hair. 

A
n

o
th

er p
ro

b
lem

 m
ay

 b
e th

e
 sc

a
rc

ity
 o

f th
e
m

p
le

. T
hE,rse rnquaelnle ir-

ly
, o

n
e, o

r a few
 stran

n
s 

th
e sam

p
le, th

e few
er ch

an
ces o

f d
iscn

v
e.in

g
 a su

fficien
t n

u
m

b
er o

f 
trace elem

en
ts. 

W
ith

o
u

t a sh
o

w
in

g
 o

f stro
n

g
 in

d
ep

en
d

en
t ev

id
en

ce 
th

at m
u
ltip

le stran
d
s co

m
e all fro

m
 o

n
e p

erso
n
, as w

h
ere a n

u
m

b
er 

o f h
airs w

ere fo
u

n
d

 clu
tch

ed
 in

 th
e h

an
d

 o
f a v

ictim
, th

e v
ario

u
s 

h
airs sh

o
u
ld

 n
o
t b

e eo
m

h
in

ed
 an

d
 treated

 as a sin
g
le sam

p
le, b

u
t 

sh
o
u
ld

 b
e an

aly
sed

 in
d
iv

id
u
ally

, ev
en

 th
o
u
g
h
 m

icro
sco

p
ically

 th
ey

 
ap

p
ear to

 b
e q

u
ite sim

ilar. O
b
v
io

u
sly

, m
icro

sco
p
ic ex

am
in

atio
n
 o

f 
h
air sam

p
les sh

o
u
ld

 p
reced

e N
A

A
, b

ecau
se irrad

iatio
n
 m

ay
 alter th

e 
ap

p
earan

ce o
f th

e sp
ecim

en
s to

 a co
n
sid

erab
le ex

ten
t. O

n
 th

e o
th

er 
h
an

d
, h

o
w

ev
er, if m

icro
sco

p
ic ex

am
in

atio
n
s are co

n
d
u
cted

, th
e 

m
o
u
n
tin

g
 m

ed
iu

m
 u

sed
 sh

o
u
ld

 h
e p

u
re w

ater o
r a p

u
re h

y
d
ro

carb
o
n
, 

sin
ce in

an
y

 o
f th

e o
rd

in
ary

 ty
p

es o
f m

o
u
n
tin

g
 m

ed
ia h

av
e b

een
 

fo
u

n
d

 In
 co

n
tam

in
ate th

e h
air sam

p
le to

 a co
n

sid
erab

le ex
ten

t. 

3
. P

A
IN

T
 

N
A

A
 h

as b
een

 u
sed

 to
 ex

am
in

e m
an

y
 ty

p
es, co

lo
rs, b

ran
d

s, an
d

 
co

m
p

o
sitio

n
s o

f p
ain

t. A
 to

tal o
f 2

1
 d

ifferen
t elem

en
ts h

av
e b

een
 

accu
rately

 m
easu

red
, th

o
u

g
h

 n
o

t all u
re fo

u
n

d
 in

 an
y

 o
n

e p
ain

t sam
-

ple. 
In

 o
rd

er to
 d

eterm
in

e w
h
eth

er a sam
p

le o
f p

ain
t co

u
ld

 b
e d

is-
tin

g
u
ish

ed
 fro

m
 p

ain
t sam

p
les o

f th
e sam

e m
ak

e an
d
 co

lo
r b

u
t fro

m
 

a d
ifferen

t can
, scien

tists to
o
k
 eig

h
t d

ifferen
t can

s o
f p

ain
t o

f a 
sam

e co
lo

r n
u
m

b
er an

d
 o

f th
e sam

e m
an

u
factu

rer, b
u
t fro

m
 eig

h
t 

d
ifferen

t p
ro

d
u

ctio
n

 b
atch

es. T
w

o
 sam

p
les fro

m
 each

 can
 w

ere 
an

aly
sed

, an
d

 th
e resu

lts w
ere co

m
p

ared
- In

 elem
en

tal an
aly

sis, th
e 

tw
o

 sam
p

les o
f an

y
 o

n
e can

 b
e d

em
o

n
strated

 to
 b

e an
 ex

cellen
t 

m
atch

, p
ro

v
in

g
 th

at sam
p

le h
etero

g
en

eity
 w

as n
o

t a p
ro

b
lem

. B
u

t 
a  w

h
e
n

 th
e
 re

su
lts w

e
re

  co
m

p
ared

  w
ith

 th
o

se o
b

tain
ed

 fro
m

 d
ifferen

t 
b
atch

es o
f th

e sam
e ty

p
e o

f p
ain

t, it w
as d

isco
v
ered

 th
at th

ere w
as a 

skriall, ,  th
o
u
g
h
 clearly

 n
o
ticeab

le, v
ariatio

n
 in

 co
m

p
o
sitio

n
 am

o
n
g
 th

e 
d
ifferen

t_
 p

ro
d
u
ctio

n
 b

atch
es. T

h
e m

ajo
r p

ain
t co

n
stitu

en
ts, tita-

n
iu

m
 an

d
 zin

c, ex
h
ib

ited
 v

ery
 sm

all v
ariatio

n
s, b

u
t th

e d
ifferen

ce 

k'orik.J. 
N

I (1
1
5
5
1
). 1

1
. le d

en
im

, o
w

e 
o
f th

e
 to

 n
u
th

o
rn

 o
f th

is w
o
rk

, h
a
s 

appenved 
utf 111 	

“1
1
1
1
‘, 	

W
V

' 
o
ra

l tria
ls. In

 O
lio

 re
p
o
rt le

r ta
llie

d
, 

a
t p

. M
I "

A
c
t - 1111H

W
, A

nnlyale 
h
o
w

ev
er, M

ill a b
u
g
 x

ay
 fro

in
 h

elm
( 

S
. B

ry
an

, a
 e

t, "N
ew

 D
evetopreents in 

th
e A

p
p
licatio

n
 o

f N
eu

tro
n
 A

ctiv
atio

n
 

A
.n

ely
sta to

 P
.ru

ltIn
n
et in

 ficlen
tlfie 

C
rim

e lieteetio
n
." 

P
ew

., 15115 Ian 
N

.4
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M
M

iE
ril ru

n
ts

 to
 A

rlivaakne 
A

sia'pia iltep
rin

ti. 

1
1
. "lilt tw

o
 h

eir v
o
rn

p
len

 m
o
tel, in

 L
IM

 
M

M
IM

M
r111 I InIM

 o
f elem

en
ts I h

ey
 eo

n
- 

loIn. 	
t r.ohdlA

tIft, 	
oe-y 

n
ifilln

ely
 ein

n
lo

y
n

n
le to

o
l 

In
 c

rl 'in
u
 

IM
IM

M
Io

n
 

w
o

rk
. T

h
e
re

  a
re

 m
a
n
y
 

our-stinnx In lie nifrovered `beyond any 
nesnionn W

e d
o
u
b
t,' an

d
 n

ay
 p

rem
atu

re 
not. of  1.1.1. nlrl 1110 ....Ill only r..M

r111 Ilu 
eventuat 	

d
erIn

tI fro
n
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s
u

c
h
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d
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m
." 

4
. S

O
IL

S
 A

N
D

 P
L

A
N

T
S

 
D

iffe
re

n
t 

s
p
e
c
ie

s
 o

f p
la

n
ts w

h
ich

 a
re

 g
ro

w
n

 in
 th

e
 sa

m
e

 h
a

m
-

L
io

n
 (n

a
m

e
 so

il co
m

p
o

sitio
n

) a
n

d
 w

ith
 th

e
 sa

m
e

 su
p

p
ly o

f w
a

te
r 

W
itt 

id
e
n
tica

l su
n
 e

xp
o
su

re
, w

ill stilt rsh
ib

it d
iffe

re
n
t tra

ce
-e

le
m

e
n
t le

v-
e
ls b

e
ca

u
se

 th
e
ir m

e
ta

b
o
lic p

ro
ce

sse
s va

ry. T
h
e

 sa
m

e
 sp

e
cie

s o
f 

p
la

n
t g

ro
w

n
 in

 a
 d

iffe
re

n
t lo

c
a

tio
n
—

in
 s

o
il w

ith
 a

 d
iffe

re
n

t c
o

m
-

p
o

sitio
n

, a
n

d
 w

h
e

re
 th

e
y m

a
y b

e
 e

xp
e

cte
d

 to
 b

e
 e

xp
o

se
d

 to
 m

o
re

 tn
-

le
ss w

a
te

r a
n

d
 su

n
lig

h
t—

w
ill a

isu
 sh

o
w

 g
ra

n
te

r d
iffe

re
n

ce
s in

 tra
ce

-
e
le

m
e
n
t le

v
e
ls

. T
h
e
re

fo
re

, if th
e
 p

o
lic

e
 s

e
iz

e
 q

u
a
n
titie

s
 o

f m
a
riju

-
a

n
a

 fro
m

 d
iffe

re
n

t in
d

ivid
u

a
ls, n

e
u

tro
n

 a
ctiva

tio
n

 a
n

a
lysis ca

n
 e

s-
ta

b
lis

h
 w

h
e
th

e
r th

e
 p

la
n
ts

 w
e
re

 g
ro

w
n
 in

 
th

e
 sa

m
e
 lo

ca
tio

n
, a

n
d
 

th
u

s h
a

ve
 a

 co
m

m
o

n
 o

rig
in

, o
r w

h
e

th
e

r th
e

y w
e

re
 g

ro
w

n
 in

 d
iffe

r- 
an

t locations. 

S
o

m
e

 o
f th

e
 e

a
rlie

s
t a

p
p

lic
a

tio
n

s
 o

f N
A

A
 a

s
 a

n
 e

v
id

e
n

tia
ry

 
to

o
l w

e
re

 in
 s

o
il c

o
m

p
a
ris

o
n
s
, to

 s
h
o
w

 th
a
t m

u
d
 s

c
ra

p
e
d
 fro

m
 a

 
tru

ck ca
rryin

g
 m

o
o

n
sh

in
e

 w
a

s th
e

 sa
m

e
 m

u
d

 a
s w

a
s fo

u
n

d
 n

t th
e

 
a

ite
 o

f th
e

 still, lo
ca

te
d

 in
 a

 d
iffe

re
n

t sta
te

.'  
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e
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any e

a
s
e

s
 b

y
 e

m
p

iric
a

l re
n

ita
m

e
a

w
, 	

—
 

tw
e
e
n
 th

e
 a

n
tim

o
n
y
 c

o
n
c
e
n
tra

tio
n
 a

ro
u
n
d
 th

e
 b

u
lle

t h
o
le

 a
n
d
 th

e
 

m
u

zzle
-ta

rg
e

t d
ista

n
ce

' G
. M

IS
C

E
L

L
A

N
E

O
U

S
 , 

N
A

A
 h

a
s a

lso
 b

e
e
n
 u

tilize
d
 to

 id
e
n
tify th

e
 typ

e
 o

f g
re

a
se

 u
se

d
 

b
y
 c

a
rs

 in
v
o
lv

e
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b
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p

le
s 

a
n

d
 th

e
 n

u
m

b
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r o
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m
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n
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n
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n
e
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m

p
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n

g
e

d
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m
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u
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n
e
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a
x
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u
m

 o
f e

ig
h
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h
e
s
e
 d

a
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a
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f d

e
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 th
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n
d
 o

f g
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 b
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, c
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b
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p
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 re
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a
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 b
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u
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 d
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n
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a

l c
a
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g
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e
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n
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n
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n
 p
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e
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u
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 d
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e
d
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u
n
d
 b
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 d
e
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t d
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n
c
e
. T

h
e
 

b
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s
e
d
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a
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a
d
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 c

o
n
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n
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te
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n
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u
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 p
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a
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 d
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e

a
p
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n

d
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p
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m
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n
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u
e
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 p
a

p
e
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r o
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 b
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 c
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 b
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 d
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 d
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 c
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 d
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st re
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 c
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 b
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 c
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 re
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t b
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 p
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 b
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p
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c
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c
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p
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 o
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c
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u
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c
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A
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n
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6
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h
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u
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h
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u
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 m
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g
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o
d
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sev
u
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 p
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e b
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d
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p
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e th
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w
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alifo

reia co
u

rt en
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u
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e o
f attem

p
ted

 b
u
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h

e state in
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d
u
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u
e 

ev
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en
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e an
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f ch
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s o

f p
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n
t a lire h
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u
n

d
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e d

efen
d

an
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d
 th

e co
m

p
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a w
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 th
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n
a
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p
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t fro
m

 th
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o
o
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f a liq
u
o
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re w
h
ich

 th
e d

efereh
u
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ed
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 attem

p
ted
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p
en
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h
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u
ilt!' v
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A
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ere n
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n
o
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th
er ev
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en

ce to
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n
n
ect th

e d
efen

d
an
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ith

 th
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n
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m
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n
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o
u
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 Y
o
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u
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A

A
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en
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g
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u
estio

n
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 d
o
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m

en
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u
t d
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o
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n
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er th
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n
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h
e co

u
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ile th
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 b
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o
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ttio
n

s, w
h
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o
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e 

n
o
t b
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 p
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e d
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g
h
 D

r. V
in

cen
t G

u
in

n
, th

at 
th
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p
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u
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h
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t o
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p
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s d
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lts 

w
ere q

u
alified

ly
 en

th
u

siastic o
n

 th
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e o
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m
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d
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 c
h
e
m
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o
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m
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p
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m
p
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n
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f p
u

b
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fter d
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u
n
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w
h
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ss-ex
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in

in
g
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e state's p

ath
o

lo
g

ist, had 
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e su

g
-

g
eetio

n
 th
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m
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r" tests w
ere p

erh
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s m
o
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le 

than m
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am
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atio
n

s, th
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em
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x
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g
ist, an

d
 lie w
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 to
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 th
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eu

tro
n
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a-
to
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 b
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is p

resen
ce, at th

e T
ex
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. d

i M
. U

n
i-

v
ersity
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o
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 ex
p
ress an
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p
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p
in
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n
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in
atio

n
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rro
b

o
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 b
y

 th
e n

eu
tro

n
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tiv
atio

n
 test, th

at th
e tw

o
 h

airs tak
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m

 th
e v

ictim
 an

d
 th

o
se 

tak
en

 fro
n

t th
e ap

p
ellan

t w
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en
tical" an

d
 "p

ro
b

ab
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e 
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e p
e
rso

n
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u
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 o
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, th
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a
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1
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1
t," d
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h
io
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u
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o

u
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A
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en
ce co

n
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f p

u
b
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e p

ro
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'[lie state's ex
p
ert in
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u
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em
ist co

n
n
ected

 w
ith

 
th
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o
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 o

f th
e U

n
io

n
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id

e C
o
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o
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n

. W
h

en
 

IIe 
w

as  n
ak

ed
 w

h
eth

er h
e h
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 an

 o
p

in
io

n
 "b

ased
 o

n
 a reaso

n
ab

le 
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 as to
 th
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 o
r d
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ilarity

 o
f th
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en
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e stated
 th
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p
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d
 w

o
re 
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 b
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m

 th
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u
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g
 th

e co
n
v
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n
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uprem
e C
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o
n
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u
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th
e d
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 d
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at co
n
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u
en

t -
y
 h
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o
n
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o
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e b
een

 rejected
. R

eco
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u
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t n
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 "reaso
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b
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e p
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 d
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n
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t in
 m
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d
 d

irecto
r o
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b
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y
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u
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g
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ictim
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g
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-
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-sev
en
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d
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g
u
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 p
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b
-

tain
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m
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e d

efen
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an
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is co

n
clu
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n
, ex
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n
 th

 b
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o
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b
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at th
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b
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7
 s e  im
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p
articles in
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in
g

s fro
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d
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en
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en
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 b
e o

n
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n
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 p
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