
Atomic spectroscopic techniques for the measurement of elemental 
concentrations in oil shales 
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is

 
th

e
 

a
n

a
ly

s
is

 
o

f 
so

m
e 

K
a
n

sa
s 

s
h

a
le

s
 

v
a
ry

in
g

 
fro

m
 

a 
b

la
c
k

 
(re

d
u

c
e
d

) 
to

 
a 

re
d

 
(o

x
i­

d
iz

e
d

) 
c
o

lo
ra

tio
n

, 
fo

r 
d

e
te

rm
in

a
tio

n
 
o

f 
so

m
e 

e
le

m
e
n

ta
l 

c
o

n
­

c
e
n

tra
tio

n
s
. 

O
il 

s
h

a
le

s
 

a
re

 
im

p
o

rta
n

t 
fro

m
 

t!,e
 

v
ie

w
p

o
in

t 
o

f 

th
e
ir

 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
 
o

f 
o

rg
a
n

ic
 
m

a
tte

r, 
w

h
ic

h
 
is

 
c
o

n
s
id

e
re

d
 

a 
p

o
te

n
tia

l 
so

u
rc

e
 
o

f 
s
y

n
th

e
tic

 
o

il. 
T

h
e
se

 
m

a
te

ria
ls

 
a
re

 
a
ls

o
 

im
p

o
rta

n
t 

b
e
c
a
u

se
 
o

f 
th

e
ir 

re
la

tiv
e
ly

 
h

ig
h

 
c
o

n
te

n
t 

o
f 

so
m

e 

m
e
ta

ls
 
w

ith
 
p

o
te

n
tia

l 
e
c
o

n
o

m
ic

 
v

a
lu

e
. 

E
x

tra
c
tio

n
 
o

f 
o

il 
fro

m
 

s
h

a
le

 
o

n
 

a 
c
o

m
m

e
rc

ia
l 

s
c
a
le

 
re

q
u

ire
s
 

a 
v

e
ry

 
la

rg
e
 

am
o

u
n

t 
o

f 

th
is

 
m

a
te

ria
l 

to
 

b
e
 
p

ro
c
e
sse

d
 d

a
ily

, 
w

h
ic

h
 
w

ill 
c
re

a
te

 
so

m
e 
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e
n

v
iro

n
m

e
n

ta
l 

p
ro

b
le

m
s, 

p
a
r
tia

lly
 

d
u

e 
to

 
th

e
 
tra

c
e
 

e
le

m
e
n

t 

c
o

n
te

n
t 

o
f 

th
e
 
s
h

a
le

s
. 

O
w

in
g

 
to

 
th

e
 
re

la
tiv

e
ly

 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
 
o

f 
so

m
e 

m
a
jo

r 

c
o

n
s
titu

e
n

ts
 
o

f 
th

e
 
s
h

a
le

s
 

su
c
h

 
a
s 

F
e
, 

A
l, 

C
a
, 

M
g, 

S
i 

a
n

d
 

P
, 

a
n

d
 
v

a
rio

u
s
 
tra

c
e
 
e
le

m
e
n

t 
s
p

e
c
ie

s
 
in

 
th

e
 
s
h

a
le

s
, 

th
e
re

 
is

 
a 

c
o

m
p

le
x

 
m

a
trix

 
a
n

d
 

m
an

y
 
a
n

a
ly

tic
a
l 

p
ro

b
le

m
s 

w
ill 

a
r
is

e
. 

M
e
ta

l 
c
o

n
c
e
n

tra
tio

n
s
 

c
a
n

n
o

t 
b

e
 

co
m

p
ared

 
w

ith
 
m

a
trix

-fre
e
 

s
ta

n
d

a
rd

s
 
in

 m
an

y
 
c
a
s
e
s
. 

T
h

u
s 

so
m

e 
p

re
tre

a
tm

e
n

t 
te

c
h

n
iq

u
e
s
 

s
h

o
u

ld
 

b
e
 

c
o

n
s
id

e
re

d
. 

In
 
th

e
. f

ir
s
t 

p
a
rt 

o
f 

th
is

 
w

o
rk

 
th

e
 
p

rin
c
ip

le
s
 
o

f 
fla

m
e
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
m

e
th

o
d

s 
an

d
 

IC
P

 
a
re

 
re

v
ie

w
e
d

. 
T

h
is 

is
 

fo
llo

w
e
d

 
i~

 
C

h
a
p

te
rIIIb

y
 

a 
d

is
c
u

s
s
io

n
 
o

f 
a
to

m
 
re

s
e
rv

o
irs

, 

w
h

ic
h

 
a
re

 
c
o

n
sid

e
re

d
 
to

 
b

e
 
th

e
 

m
o

st 
im

p
o

rta
n

t 
p

a
rt 

in
 
a
to

m
ic

 

s
p

e
c
tro

s
c
o

p
ic

 
sy

ste
m

s. 
D

iffe
re

n
t 

ty
p

e
s
 

o
f 

in
te

rfe
re

n
c
e
s
 

a
n

d
 

w
ay

s 
o

f m
in

im
iz

in
g

 
th

e
ir

 
e
ffe

c
ts

 
a
re

 
d

is
c
u

s
s
e
d

 
in

 
C

h
a
p

te
r 

IV
. 

A
fte

r 
a 

th
o

ro
u

g
h

 
d

is
c
u

s
s
io

n
 
o

f 
ato

m
 
re

s
e
rv

o
irs

 
a
n

d
 
in

te
r
­

fe
re

n
c
e
s
, 

th
e
re

 
is

 
a 

c
h

a
p

te
r 

o
n

 
o

p
tim

iz
a
tio

n
 w

h
ic

h
 
d

e
a
ls

 

w
ith

 
so

m
e 

o
f 

th
e
 

im
p

o
rta

n
t 

p
a
ra

m
e
te

rs 
a
lre

a
d

y
 
d

is
c
u

s
s
e
d

 
in

 

th
e
 

p
re

v
io

u
s
 

c
h

a
p

te
rs

. 
S

o
lv

e
n

t 
e
x

tra
c
tio

n
 m

e
th

o
d

s 
in

 
tra

c
e
 

e
le

m
e
n

t 
a
n

a
ly

s
is

 
a
re

 
d

is
c
u

s
s
e
d

 
in

 
C

h
a
p

te
r V

I. 

In
 
C

h
a
p

te
r V

II 
th

e
 

im
p

o
rta

n
c
e
 
o

f 
o

il 
s
h

a
le

s
, 

d
is

s
o

lu
tio

n
 

p
ro

c
e
d

u
re

s
, 

sa
m

p
le

 
p

re
tre

a
tm

e
n

ts
 

a
n

d
 
m

e
th

o
d

s 
o

f 
a
n

a
ly

s
is

 
a
re

 

p
re

s
e
n

te
d

. 
T

h
is 

is
 

fo
llo

w
e
d

 
b

y
 
th

e
 
re

s
u

lts
 
o

f 
a
n

a
ly

s
is

 
o

f 

th
e
 

s
h

a
le

s
 
w

ith
 A

E
, 

A
A

 
an

d
 

IC
P

. 



C
h

a
p

te
r 

II 

B
a
sic

 
C

o
n

c
e
p

ts 
o

f 
F

lam
e 

A
to

m
ic 

S
p

e
c
tro

sc
o

p
y

 

A
. 

In
tro

d
u

c
tio

n
 

F
la

m
e
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s 

in
c
lu

d
in

g
 

a
to

m
ic

 

em
is

s
io

n
 

(A
E

), 
a
to

m
ic

 
a
b

s
o

rp
tio

n
 

(A
A

), 
a
to

m
ic

 
flu

o
re

s
c
e
n

c
e
 

(A
F

) 
an

d
, m

o
re 

re
c
e
n

tly
, 

in
d

u
c
tiv

e
ly

 
c
o

u
p

le
d

 
p

la
sm

a
 
e
m

is
s
io

n
 

~
p

e
c
tro

s
c
o

p
y

 
(IC

P
), 

h
a
v

e
 

d
e
v

e
lo

p
e
d

 
a
s 

s
e
n

s
itiv

e
, 

p
re

c
is

e
, 

re
l
ia

b
le

 
a
n

d
 w

id
e
ly

 
u

se
d

 m
ean

s 
to

 
m

e
e
t 

th
e
 

re
q

u
ire

m
e
n

ts 
fo

r 

e
l
e
m

e
n

ta
l 

a
n

a
ly

s
is

 
o

f m
any 

d
iffe

re
n

t 
ty

p
e
s 

o
f 

sa
m

p
le

s. 
T

h
e 

ra
p

id
 

e
m

e
rg

e
n

c
e
 

an
d

 w
id

e 
p

o
p

u
la

rity
 
o

f 
th

e
s
e
 
te

c
h

n
iq

u
e
s
 
lie

 

in
 
s
e
v

e
ra

l 
o

f 
th

e
ir 

a
d

v
a
n

ta
g

e
s 

su
c
h

 
a
s 

p
ro

c
e
d

u
ra

l 
s
im

p
lic

ity
, 

l
i
t
t
l
e
 
in

flu
e
n

c
e
 
o

f 
c
o

e
x

is
tin

g
 e

le
m

e
n

ts 
d

u
e
 
to

 
h

ig
h

 
s
e
le

c
­

tiv
ity

, 
a
n

d
 
a
b

ility
 
to

 
c
a
rry

 
o

u
t 

s
u

c
c
e
s
s
iv

e
 
o

r 
sim

u
lta

n
e
o

u
s 

m
e
a
su

re
m

e
n

ts 
fo

r 
m

any 
e
le

m
e
n

ts. 
W

ith
 

th
e
s
e
 
te

c
h

n
iq

u
e
s
, 

c
o

n
­

c
e
n

tra
tio

n
s
 
o

f 
m

a
jo

r, 
m

in
o

r 
a
n

d
 
tra

c
e
 
e
le

m
e
n

ts 
c
a
n

 
b

e
 

m
e
a
s­

u
re

d
. 

C
o

n
c
e
n

tra
tio

n
s 

m
ay 

b
e
 

a
s 

lo
w

 
a
s 

p
a
rts

 
p

e
r 

b
illio

n
 

(p
p

b
 
o

r 
p

p
l0

9
) 

o
r 

a
s 

h
ig

h
 

a
s 

a 
h

u
n

d
re

d
 
o

r m
o

re 
p

a
rts

 
p

e
r 

m
illio

n
 

(ppm
 o

r 
p

p
l0

6
). 

T
h

e
re

 
h

a
s 

b
e
e
n

 
a 

g
re

a
t 

in
te

re
s
t 

in
 
th

e
 

d
e
v

e
lo

p
m

e
n

t 
o

f 

m
u

ltie
le

m
e
n

t 
sy

ste
m

s. 
IC

P
 
is

 
u

s
u

s
a
lly

 
c
o

n
sid

e
re

d
 
a
s
 

a 
m

u
lti­

e
le

m
e
n

t 
sy

ste
m

. 
O

th
e
r 

te
c
h

n
iq

u
e
s
, 

i
.e

., 
A

E
, 

A
A

 
a
n

d
 

A
F

, 

u
s
u

a
lly

 
h

a
v

e
 

b
e
e
n

 
u

se
d

 
a
s 

s
in

g
le

.e
le

m
e
n

t 
m

e
th

o
d

s. 
H

o
w

ev
er, 

w
ith

 
th

e
 
p

ro
g

re
s
s
iv

e
 

a
d

v
a
n

c
e
m

e
n

t 
th

a
t 

h
a
s 

b
e
e
n

 m
ad

e 
in

 
th

e
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la
s
t 

few
 
y

e
a
rs

 
in

 
in

stru
m

e
n

t 
d

e
sig

n
 

a
n

d
 

u
se

 
o

f 
e
le

c
tro

n
ic

 

sy
ste

m
s, 

p
a
rtic

u
la

rly
 m

ic
ro

p
ro

c
e
sso

r 
c
o

n
tro

l, 
a
u

to
m

a
tic

 
sa

m
p

­

lin
g

, 
a
u

to
m

a
tic

 
b

a
c
k

g
ro

u
n

d
 
c
o

rre
c
tio

n
 

a
n

d
 

a
u

to
m

a
tic

 
re

a
d

o
u

t 

s
y

s
te

m
s
, 

m
u

ltie
le

m
e
n

t 
c
a
p

a
b

ility
 o

f 
th

e
s
e
 
th

re
e
 
te

c
h

n
iq

u
e
s
 

h
a
s 

in
c
re

a
s
e
d

. 
T

h
e
se

 
a
d

v
a
n

c
e
m

e
n

ts 
h

a
v

e
 

a
ls

o
 
in

c
re

a
s
e
d

 
th

e
 

sp
e
e
d

 
o

f 
a
n

a
ly

s
is

 
an

d
 

im
p

ro
v

e
d

 
th

e
 

a
c
c
u

ra
c
y

 
a
n

d
 
re

p
ro

d
u

c
ib

il­

ity
 
o

f 
th

e
 

m
e
a
su

re
m

e
n

t. 

T
h

e 
b

a
s
ic

s
 
o

f 
th

e
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s
 

a
re

 

th
e 

sa
m

e
. 

T
h

e 
sa

m
p

le
, 

u
s
u

a
lly

 
in

 
th

e
 

fo
rm

 
o

f 
a 

s
o

lu
tio

n
, 

is
 

a
s
p

ira
te

d
 
th

ro
u

g
h

 
a 

n
e
b

u
liz

e
r 

in
to

 
th

e
 

fla
m

e
 
o

r 
p

la
sm

a
, 

a
n

d
 

-the
n

 
s
e
v

e
ra

l 
p

h
y

s
ic

a
l 

an
d

 
c
h

e
m

ic
a
l 

p
ro

c
e
s
s
e
s
 

o
c
c
u

r 
a
s
 

fo
llo

w
s
: 

d
e
s
o

lv
a
tio

n
, 

v
a
p

o
riz

a
tio

n
, 

a
to

m
iz

a
tio

n
, 

io
n

iz
a
tio

n
, 

co
m

p
o

u
n

d
 

fo
rm

a
tio

n
, 

e
x

c
ita

tio
n

, 
an

d
 
e
m

issio
n

. 
T

h
e
se

 
p

ro
c
e
s
s
e
s
 

c
a
n

 
b

e
 

sh
o

w
n

 
w

ith
 
th

e
 

fo
llo

w
in

g
 

e
x

a
m

p
le

, 
w

h
e
re

 
a 

s
o

lu
tio

n
 
o

f 
c
a
lc

iu
m

 

c
h

lo
rid

e
 
is

 
a
s
p

ira
te

d
 
in

to
 
th

e
 

fla
m

e
 

(1
): 

C
aC

1
2 

S
o

lu
tio

n
 

fla
m

e
 

C
aC

1
2 

d
e
s
o

lv
a
te

d
 

p
a
rtic

le
s
 

c
a

0 
+

 
O

H
 

(fro
m

 
fla

m
e
) 

C
o

m
p

o
u

n
d

 

e
n

e
rg

y
 

1 
C

aC
1

2 
g

a
s 

m
o

le
c
u

le
s d

is
s
o

c
ia

tio
n

 
e
n

e
rg

y
 

c
a

0 
+

 
c
1

° 

(g
a
s 

a
to

m
s) 

C
a (O

H
) 

io
n

iz
a
tio

n
! 

e
n

e
rg

y
 

F
o

rm
a
tio

n
 

0 
C

a 
+

 
O

 
(fro

m
 

fla
m

e
) 
~
 

C
ao

 
+

 
C

a 
+

 
e 

T
h

e 
p

u
rp

o
se

 
o

f 
th

e
s
e
 
p

ro
c
e
s
s
e
s
 
is

 
to

 
p

ro
d

u
c
e
 
n

e
u

tra
l 

a
to

m
s 

(o
r, 

in
 

so
m

e 
c
a
s
e
s
, 

io
n

s 
w

h
en

 
a
n

 
io

n
ic

 
lin

e
 
is

 
u

se
d

 
in

 A
E 

o
r 
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IC
P

) 
w

ith
 
th

e
 
h

ig
h

e
s
t 

p
o

s
s
ib

le
 
p

o
p

u
la

tio
n

 
in

 
th

e
 

a
to

m
 
c
e
ll. 

T
h

u
s 

a
n

y
 
p

ro
c
e
s
s
 
th

a
t 

d
e
c
re

a
s
e
s
 

th
e
 

n
u

m
b

er 
o

f 
a
to

m
s 

o
f 

a
n

a
-

· 

ly
te

 
is

 
u

n
d

e
s
ira

b
le

 
a
n

d
 
is

 
c
o

n
sid

e
re

d
 

a
n

 
in

te
rfe

re
n

c
e
. 

T
h

e
se

 

u
n

d
e
s
ira

b
le

 
p

ro
c
e
s
s
e
s
 

a
re

 
d

is
c
u

s
s
e
d

 
in

 
C

h
a
p

te
r 

IV
. 

A
ll 

o
f 

th
e
s
e
 

te
c
h

n
iq

u
e
s
 
u

tiliz
e
 
fre

e
 

ato
m

s 
e
x

c
e
p

t 
so

m
e 

c
a
s
e
s
 
in

 
IC

P
 

o
r 

A
E

. 
H

o
w

ev
er, 

th
e
 

m
eth

o
d

 
o

f 
e
x

c
ita

tio
n

 
a
n

d
/o

r 
d

e
e
x

c
ita

tio
n

 

m
ay

 
b

e· d
iffe

re
n

t. 
F

o
r 

a 
d

e
ta

ile
d

 
d

is
c
u

s
s
io

n
 
o

f 
th

e
o

ry
 

a
n

d
 

in
s
tru

m
e
n

ta
tio

n
, 

th
e
 

fo
llo

w
in

g
 
re

fe
re

n
c
e
s
 

m
ay

 
b

e
 
c
o

n
s
u

lte
d

 

( 2
-

8
) . 

l~
 

F
la

m
e
 

A
to

m
ic 

E
m

issio
n

 
S

p
e
c
tro

sc
o

p
y

 

F
la

m
e
 

a
to

m
ic

 
e
m

issio
n

 
sp

e
c
tro

sc
o

p
y

 
is

 
b

a
se

d
 

o
n

 
th

e
 

e
x

c
ita

tio
n

 
o

f 
fre

e
 

ato
m

s 
b

y
 

th
e
rm

a
l 

e
n

e
rg

y
 
th

ro
u

g
h

 
c
o

llis
io

n
 

w
ith

 
h

ig
h

 
te

m
p

e
ra

tu
re

 
ato

m
s 

a
n

d
 
m

o
le

c
u

le
s 

o
f 

th
e
 

fla
m

e
. 

E
x

c
ite

d
 
s
p

e
c
ie

s
 

a
re

 
n

o
t 

s
ta

b
le

 
a
n

d
 
re

la
x

 
to

 
th

e
 

g
ro

u
n

d
 
s
ta

te
 

e
ith

e
r
 

b
y

 
ra

d
ia

tio
n

a
l 

d
e
a
c
tiv

a
tio

n
 
o

r 
ra

d
ia

tio
n

le
s
s
 
d

e
a
c
ti­

v
a
tio

n
. 

O
n

ly
 
th

e
 

fo
rm

e
r 

re
s
u

lts
 

in
 
e
m

issio
n

 
o

f 
ra

d
ia

tio
n

 

w
ith

 
a 

c
h

a
ra

c
te

ris
tic

 w
a
v

e
le

n
g

th
 
o

f 
th

e
 

e
le

m
e
n

t. 
T

h
e 

w
a
v

e
­

le
n

g
th

 
o

f 
th

e
 
e
m

itte
d

 
ra

d
ia

tio
n

 
c
a
n

 b
e
 

u
se

d
 
fo

r 
q

u
a
lita

tiv
e
 

id
e
n

tific
a
tio

n
 

a
n

d
 
its

 
in

te
n

s
ity

 
is

 
p

ro
p

o
rtio

n
a
l 

to
 
th

e
 

c
o

n
­

c
e
n

tra
tio

n
 
o

f 
th

e
 

e
le

m
e
n

t. 
T

h
e 

p
ro

c
e
ss 

o
f 

e
m

issio
n

 
is

 

illu
s
tr

a
te

d
 
in

 
th

e
 

fo
llo

w
in

g
 
d

ia
g

ra
m

. 

M
O 

+
 

E
n

e
rg

y
 

(th
e
rm

a
l) 

(g
ro

u
n

d
 

s
ta

te
) 

M
O 

(g
ro

u
n

d
 

s
ta

te
) 

+
 

h
v

 

e
m

issio
n

 

* 
M

 
(e

x
c
ite

d
 

s
ta

te
) 
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E
m

issio
n

 
in

te
n

s
ity

 
d

e
p

e
n

d
s 

o
n

 
th

e
 

n
u

m
b

er 
o

f 
a
to

m
s 

in
 

th
e
 
e
x

c
ite

d
 
s
ta

te
 
th

a
t 

re
tu

rn
 
to

 
th

e
 

g
ro

u
n

d
 
s
ta

te
 

b
y

 
e
m

ittin
g

 

ra
d

ia
tio

n
, 

a
n

d
 
th

e
 

n
u

m
b

er 
o

f 
ato

m
s 

in
 
th

e
 
e
x

c
ite

d
 
s
ta

te
 

d
e
p

e
n

d
s 

o
n

 
th

e
 
fra

c
tio

n
 
o

f 
a
n

a
ly

te
 
p

re
s
e
n

t 
a
s 

n
e
u

tra
l 

a
to

m
s 

in
 
th

e
 

g
ro

u
n

d
 
s
ta

te
. 

T
h

e 
fra

c
tio

n
 
o

f 
n

e
u

tra
l 

a
to

m
s 

e
ith

e
r
 

in
 
th

e
 

g
ro

u
n

d
 
o

r 
e
x

c
i~

e
d

 
s
ta

te
 

d
e
p

e
n

d
s 

o
n

 
s
e
v

e
ra

l 
fa

c
to

rs
, 

th
e 

m
o

st 
im

p
o

rta
n

t 
o

f w
h

ic
h

 
a
re

 
a
n

a
ly

te
 
c
o

n
c
e
n

tra
tio

n
 
in

 
th

e
 

sam
p

le
 

a
n

d
 

fla
m

e
 

e
n

e
rg

y
. 

W
hen 

th
e
 

fla
m

e
 
is

 
a
t 

th
e
rm

a
l 

e
q

u
i-

i
b

riu
m

, 
th

e
 
d

is
trib

u
tio

n
 
o

f 
th

e
 

a
n

a
ly

te
 

a
to

m
s 

in
 d

if
f
e
r
e
n

t 

-
1 e

r
g

y
 
le

v
e
ls

 
is

 
d

e
te

rm
in

e
d

 
b

y
 
th

e
 

B
o

ltzm
an

n
 d

is
trib

u
tio

n
 

la
w

 
(4

) : 

In
 
th

is
 

e
q

u
a
tio

n
 
n

j 
a
n

d
 

n
0 

a
re

 
th

e
 

n
u

m
b

er 
o

f 
a
to

m
s 

in
 
th

e
 

e
x

c
ite

d
 
s
ta

te
 

a
n

d
 

g
ro

u
n

d
 
s
ta

te
, 

re
s
p

e
c
tiv

e
ly

; 
g

0 
a
n

d
 

g
j 

a
re

 

th
e
 
s
ta

tis
tic

a
l w

e
ig

h
ts 

o
f 

th
e
 

g
ro

u
n

d
 
s
ta

te
 

an
d

 
e
x

c
ite

d
 
s
ta

te
 

a
to

m
s, 

re
s
p

e
c
tiv

e
ly

; 
E

j 
is

 
th

e
 

e
n

e
rg

y
 
o

f 
e
x

c
ita

tio
n

; 
T

i
s
 

a
b

s
o

lu
te

 
te

m
p

e
ra

tu
re

; 
a
n

d
 

K
 is

 
B

o
ltz

m
a
n

n
's 

c
o

n
s
ta

n
t. 

T
h

e 
n

u
m

se
r 

o
f 

ato
m

s 
in

 
th

e
 
e
x

c
ite

d
 
s
ta

te
 

(n
j) 

is
 

a 

fra
c
tio

n
 
o

f 
th

e
 

g
ro

u
n

d
 
s
ta

te
 

a
to

m
s 

(n
0

) 
a
n

d
 
th

is
 
is

 
v

e
ry

 

sm
a
ll 

re
la

tiv
e
 
to

 
th

e
 
to

ta
l 

n
u

m
b

er 
o

f 
a
n

a
ly

te
 

a
to

m
s 

in
 
th

e
 

sa
m

p
le

. 
H

o
w

ev
er, 

n
j 

c
a
n

 
b

e
 

in
c
re

a
s
e
d

 
s
ig

n
ific

a
n

tly
 

b
y

 
s
e
le

c
­

tio
n

 
o

f 
s
u

ita
b

le
 
c
o

n
d

itio
n

s
 

su
c
h

 
a
s 

fla
m

e
 

ty
p

e
 

a
n

d
 

c
o

m
p

o
si­

tio
n

, 
s
o

lv
e
n

t 
an

d
 
c
o

n
c
e
n

tra
tio

n
 
o

f 
o

th
e
r 

s
p

e
c
ie

s
 
in

 
th

e
 

sa
m

p
le

. 
T

h
e 

n
e
t 

re
s
u

lt
·o

f 
in

c
re

a
s
in

g
 
n

j 
is

 
to

 
im

p
ro

v
e
 

th
e
 

s
e
n

s
itiv

ity
. 
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T
h

e
re

 
is

 
a 

g
re

a
t 

in
te

re
s
t 

in
 
th

e
 
a
p

p
lic

a
tio

n
 

a
n

d
 
u

se
 
o

f 

fla
m

e
 

A
E 

(FA
E

) 
fo

r 
ro

u
tin

e
 
a
n

a
ly

s
is

, 
e
s
p

e
c
ia

lly
 
fo

r 
d

e
te

rm
in

a
­

tio
n

 
o

f 
a
lk

a
li 

m
e
ta

ls 
in

 
b

io
lo

g
ic

a
l 

sa
m

p
le

s, 
b

e
c
a
u

se
 
th

e
 

te
c
h

n
iq

u
e
 
is

 
v

e
ry

 
sim

p
le

, 
h

a
s 

rn
u

ltie
le

m
e
n

t 
a
n

a
ly

s
is

 
c
a
p

a
b

il­

ity
, 

re
q

u
ire

s
 

n
o

 
e
x

te
rn

a
l 

lig
h

t 
so

u
rc

e
 

a
n

d
 
e
x

h
ib

its
 
h

ig
h

e
r 

s
e
n

s
itiv

ity
 
fo

r 
so

m
e 

e
le

m
e
n

ts. 
U

n
fo

rtu
n

a
te

ly
, 

FA
E

 
d

o
e
s 

n
o

t 

h
a
v

e
 

g
o

o
d

 
s
e
n

s
itiv

ity
 
fo

r 
m

an
y

 
e
le

m
e
n

ts 
w

ith
 
re

so
n

a
n

c
e
 

e
m

is­

s
i
o

n
 
lin

e
 

b
e
lo

w
 

3
5

0
 

nm
 

an
d

 
s
u

ffe
rs

 
fro

m
 
in

te
rfe

re
n

c
e
s
 

m
o

re 

t
h

a
n

 
d

o
 

A
A

 
an

d
 

A
F

. 
H

o
w

ev
er, 

th
e
 

u
se

 
o

f 
h

o
t 

fla
m

e
s 

su
c
h

 
a
s 

1
2
O

-a
c
e
ty

le
n

e
 
in

 
A

E 
h

a
s 

im
p

ro
v

e
d

 
th

e
 
s
e
n

s
itiv

ity
 

a
n

d
 
d

e
c
re

a
s
e
d

 

s
om

e 
o

f 
th

e
 
in

te
rfe

re
n

c
e
s
. 

In
 

c
o

m
p

a
rin

g
 

A
E 

a
n

d
 

A
A

, 
C

h
ris

tia
n

 

a
n

d
 

F
eld

m
an

 
fo

u
n

d
 
th

a
t 

1
5

 
e
le

m
e
n

ts 
h

a
v

e
 

lo
w

e
r 

d
e
te

c
tio

n
 

lim
its

 
w

ith
 

FA
E

 
(9

). 
S

p
illm

a
n

 
an

d
 
~

a
lm

sta
d

t 
(1

0
) 

h
a
v

e
 

d
e
s
c
rib

e
d

 
a 

c
o

m
p

u
te

r-c
o

n
tro

lle
d

 A
F

/A
E

 
s
p

e
c
tro

m
e
te

r 
fo

r 
se

q
u

e
n

­

tia
l 

m
u

ltie
le

m
e
n

t 
d

e
te

rm
in

a
tio

n
 
o

f 
u

p
 
to

 
25 

e
le

m
e
n

ts 
in

 

a
to

m
ic

 
e
m

issio
n

 m
o

d
e. 

B
u

sch
 

an
d

 
c
o

w
o

rk
e
rs 

(1
1

) 
h

a
v

e
 
d

e
v

e
l­

o
p

e
d

 
a 

sim
u

lta
n

e
o

u
s 

m
u

ltie
le

m
e
n

t 
A

E 
s
p

e
c
tro

m
e
te

r 
b

y
 
u

s
in

g
 

a 

s
ilic

o
n

 
d

io
d

e
 

v
id

ic
o

n
 
d

e
te

c
to

r 
a
n

d
 
h

a
v

e
 

m
e
a
su

re
d

 
8 

e
le

m
e
n

ts 

(M
o, 

F
e
, 

D
a, 

A
l, 

T
i, w, 

M
n, 

an
d

 
K

) 
s
im

u
lta

n
e
o

u
s
ly

. 
H

o
w

ev
er, 

th
e
 
re

p
o

rte
d

 
d

e
te

c
tio

n
 
lim

its
 

a
re

 
h

ig
h

e
r 

th
a
n

 
s
in

g
le

 
e
le

m
e
n

t 

A
E 

v
a
lu

e
s
, 

a
s 

is
 
g

e
n

e
ra

lly
 
tru

e
 

fo
r 

a
ll 

m
u

ltie
le

m
e
n

t 
sy

ste
m

s. 

2
. 

F
lam

e 
A

to
m

ic 
A

b
so

rp
tio

n
 

A
to

m
ic 

a
b

s
o

rp
tio

n
 
is

 
b

a
se

d
 
o

n
 
th

e
 

a
b

s
o

rp
tio

n
 
o

f 
a 

c
h

a
r­

a
c
te

r
is

tic
 

w
a
v

e
le

n
g

th
 

b
y

 
th

e
 
n

e
u

tra
l 

a
to

m
s 

o
f 

th
e
 
a
n

a
ly

te
 

p
re

s
e
n

t 
in

 
th

e
 

fla
m

e
 
c
e
ll. 

R
a
d

ia
tio

n
 
o

f 
p

ro
p

e
r w

a
v

e
le

n
g

th
 

e
m

itte
d

 
b

y
 

an
 
e
x

te
rn

a
l 

lig
h

t 
so

u
rc

e
 
p

a
sse

s 
th

ro
u

g
h

 
th

e
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a
to

m
iz

a
tio

n
 
c
e
ll 

c
o

n
ta

in
in

g
 n

e
u

tra
l 

a
to

m
s 

o
f 

a
n

a
ly

te
; 

th
o

s
e
 

a
to

m
s 

th
a
t 

a
re

 
in

 
th

e
 

g
ro

u
n

d
 
s
ta

te
 
c
a
n

 
a
b

so
rb

 
th

e
 
ra

d
ia

tio
n

 

a
n

d
 
r
e
s
u

lt 
in

 
a 

su
b

se
q

u
e
n

t 
d

e
c
re

a
se

 
in

 
th

e
 
in

te
n

s
ity

 
o

f 
th

e
 

lig
h

t 
s
o

u
rc

e
. 

T
h

e 
d

e
c
re

a
se

 
in

 
in

te
n

s
ity

 
c
a
n

 
b

e
 
c
a
lc

u
la

te
d

 

b
y

 m
e
a
su

rin
g

 
th

e
 

so
u

rc
e
 
in

te
n

s
ity

 b
e
fo

re
 

a
n

d
 
a
f
te

r
 
a
b

s
o

rp
­

tio
n

. 
T

h
is 

is
 

d
o

n
e 

e
le

c
tro

n
ic

a
lly

 
a
n

d
 
th

e
 
a
c
tu

a
l 

s
ig

n
a
l 

is
 

l
o

g
 

(I
0
/
I
t
)
, 

w
h

ic
h

 
is

 
c
a
lle

d
 

a
b

so
rb

a
n

c
e
. 

T
h

is 
v

a
lu

e
 
is

 

p
ro

p
o

rtio
n

a
l 

to
 
th

e
 

n
u

m
b

er 
o

f 
fre

e
 

a
to

m
s 

in
 
th

e
 

fla
m

e
 

a
n

d
 

• h
u

s 
to

 
th

e
 

c
o

n
c
e
n

tra
tio

n
 
o

f 
a
n

a
ly

te
. 

In
 
th

is
 
e
q

u
a
tio

n
 

I
0 

n
d

 
I
t
 
a
re

 
th

e
 

so
u

rc
e
 
in

te
n

s
ity

 
a
n

d
 
tra

n
s
m

itte
d

 
lig

h
t 

in
te

n
­

s
i
ty

, 
re

s
p

e
c
tiv

e
ly

. 

T
h

e 
m

o
st 

im
p

o
rta

n
t 

fa
c
to

r 
in

 A
A

 
is

 
th

e
 

p
o

p
u

la
tio

n
 
o

f 

n
e
u

tra
l 

ato
m

s 
in

 
th

e
 

g
ro

u
n

d
 
s
ta

te
, 

a
n

d
 
th

u
s
, 

u
n

lik
e
 

A
E

, 
th

e
 

a
to

m
iz

a
tio

n
 
d

e
v

ic
e
s 

a
re

 
u

se
d

 
o

n
ly

 
fo

r 
th

e
 
p

ro
d

u
c
tio

n
 
o

f 

g
ro

u
n

d
 
s
ta

te
 

a
to

m
s. 

T
h

e 
p

ro
c
e
ss 

o
f A

A
 
is

 
illu

s
tr

a
te

d
 
in

 
th

e
 

fo
llo

w
in

g
 

d
ia

g
ra

m
. 

M
O 

(g
ro

u
n

d
 
s
ta

te
) 

+
 

e
n

e
rg

y
 

(h
v

) 
a
b

s
o

rp
tio

n
 

* 
M

 

e
x

c
ite

d
 

A
s 

m
e
n

tio
n

e
d

 e
a
r
lie

r
 

an
d

 
w

ill 
b

e
 

d
is

c
u

s
s
e
d

 
in

 
la

te
r
 
c
h

a
p

te
rs

, 

th
is

 
is

 
n

o
t 

th
e
 
o

n
ly

 
p

ro
c
e
ss 

in
 

a
n

 
a
to

m
ic

 
a
b

s
o

rp
tio

n
 
m

e
a
su

re
­

m
e
n

t; 
o

th
e
r 

p
ro

c
e
sse

s 
su

c
h

 
a
s 

th
e
rm

a
l 

e
x

c
ita

tio
n

, 
io

n
iz

a
tio

n
 

a
n

d
 
m

o
le

c
u

la
r 

fo
rm

a
tio

n
 
w

ill 
o

c
c
u

r, 
w

h
ic

h
 

m
ay 

in
te

rfe
re

 
a
n

d
 

c
h

a
n

g
e
 
th

e
 

a
b

so
rb

a
n

c
e
. 

R
e
q

u
ire

m
e
n

ts 
fo

r 
A

A
 
m

e
a
su

re
m

e
n

t,b
e
sid

e
s 

a 
lig

h
t 

s
o

u
rc

e
 

a
n

d
 
a
to

m
iz

a
tio

n
 
c
e
ll, 

a
re

 
a 

m
o

n
o

c
h

ro
m

a
to

r, 
a 

p
h

o
to

m
u

ltip
lie

r 
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tu
b

e
 

a
n

d
 

a 
re

a
d

o
u

t 
sy

ste
m

. 
R

a
d

ia
tio

n
 
s
o

u
rc

e
s
 

u
se

d
 
in

 
A

A
 

a
re

 

u
s
u

a
lly

 
c
o

n
v

e
n

tio
n

a
l 

h
o

llo
w

 
c
a
th

o
d

e
 

la
m

p
s 

{
H

.C
.L

.)·. 
O

th
e
r 

ra
d

ia
tio

n
 

so
u

rc
e
s 

su
c
h

 
a
s 

e
le

c
tro

d
e
le

s
s
 
d

is
c
h

a
rg

e
 
tu

b
e
s
 

a
n

d
 

c
o

n
tin

u
u

m
-so

u
rc

e
s 

h
a
v

e
 

b
e
e
n

 
u

se
d

 
b

y
 

so
m

e 
w

o
rk

e
rs 

(2
). 

K
e
li­

h
e
r 

a
n

d
 

W
o

h
le

rs 
{12) 

h
a
v

e
 
u

se
d

 
a 

200-W
 H

g
-X

e 
lam

p
 
w

ith
 

a 

h
ig

h
 
re

s
o

lu
tio

n
 
e
c
h

e
lle

 
g

ra
tin

g
 m

o
n

o
c
h

ro
m

a
to

r 
a
n

d
 

c
o

m
p

a
re

d
 

i
t
 w

ith
 
H

.C
.L

.'s
 

fo
r 

e
le

m
e
n

ts 
w

ith
 
th

e
 

re
so

n
a
n

c
e
 
lin

e
 

b
e
lo

w
 

2
0 

n
m

. 
T

h
ey

 
h

a
v

e
 

re
p

o
rte

d
 
th

a
t 

a
lm

o
st 

a
ll 

o
f 

th
e
 

e
le

m
e
n

ts
 

~1o
rm

a
lly

 
d

e
te

rm
in

e
d

 w
ith

 
H

.C
.L

.'s
 

c
a
n

 
b

e
 
m

e
a
su

re
d

 
u

s
in

g
 
th

e
 

o
n

tin
u

u
m

 
s
o

u
rc

e
. 

A
A

 
h

a
s 

b
e
e
n

 
a
c
c
e
p

te
d

 
a
s 

a 
ro

u
tin

e
 

m
e
th

o
d

 
o

f 
a
n

a
ly

s
is

 
in

 

a
lm

o
s
t 

a
ll 

la
b

o
ra

to
rie

s
. 

M
o

re 
th

a
n

 
60 

e
le

m
e
n

ts 
c
a
n

 
b

e
 
d

e
te

r­

m
in

e
d

 
w

ith
 
h

ig
h

 
p

re
c
is

io
n

, 
v

e
ry

 
lo

w
 d

e
te

c
tio

n
 
lim

its
, 

g
o

o
d

 

a
c
c
u

ra
c
y

 
fo

r 
m

an
y

 
e
le

m
e
n

ts 
in

 
d

iffe
re

n
t 

sa
m

p
le

s, 
a
n

d
 

fe
w

e
r 

in
te

rfe
re

n
c
e
s
 

co
m

p
ared

 
to

 
a
to

m
ic

 
e
m

issio
n

 
a
n

d
 
a
to

m
ic

 
flu

o
r­

e
s
c
e
n

c
e
. 

T
h

e
se

 
a
d

v
a
n

ta
g

e
s 

o
f 

A
A

 
h

a
v

e
 
c
re

a
te

d
 

a 
g

re
a
t 

in
te

r
­

e
s
t 

in
 
th

e
 

d
e
v

e
lo

p
m

e
n

t 
o

f m
u

ltie
le

m
e
n

t 
A

A
, 

e
ith

e
r
 
s
e
q

u
e
n

tia
l 

o
r 

s
im

u
lta

n
e
o

u
s
. 

Z
a
n

d
e
r 

e
t 

a
i. 

{13) 
h

a
v

e
 

d
e
v

e
lo

p
e
d

 
a 

m
u

lti­

e
le

m
e
n

t A
A

. 
T

h
ey

 
u

se
d

 
a 

c
o

n
tin

u
u

m
 
so

u
rc

e
 
w

ith
 

a
n

 
e
c
h

e
lle

 

m
o

n
o

c
h

ro
m

a
to

r, 
w

a
v

e
le

n
g

th
 m

o
d

u
la

te
d

 
v

ia
 

a 
q

u
a
rtz

 
p

la
te

 
fo

r 

c
o

rre
c
tio

n
 
o

f 
b

a
c
k

g
ro

u
n

d
 
a
b

s
o

rp
tio

n
 

an
d

 
e
lim

in
a
tio

n
 
o

f 
s
p

e
c
­

tr
a
l 

in
te

rfe
re

n
c
e
s
. 

M
u

ltie
le

m
e
n

t A
A

 
sy

ste
m

s 
h

a
v

e
 

b
e
e
n

 

d
e
v

e
lo

p
e
d

 
b

y
 

m
an

y
 
o

th
e
r w

o
rk

e
rs 

{
1

4
-1

6
). 

R
e
c
e
n

tly
, 

H
a
rn

ly
 

e
t 

a
i. 

{1
7

) 
h

a
v

e
 

d
e
v

e
lo

p
e
d

 
a 

sim
u

lta
n

e
o

u
s 

m
u

ltie
le

m
e
n

t 
A

A
 

b
y

 
u

s
in

g
 

a 
3

0
0

-W
 X

e
n

o
n

-a
rc

 
c
o

n
tin

u
u

m
 
so

u
rc

e
 

a
n

d
 

a 
w

a
v

e
le

n
g

th
­

m
o

d
u

la
te

d
 
d

ire
c
t 

re
a
d

in
g

 
e
c
h

e
lle

 
p

o
ly

c
h

ro
m

a
to

r. 
T

h
ey

 
h

a
v

e
 

m
e
a
su

re
d

 
u

p
 

to
 

1
6

 
e
le

m
e
n

ts 
w

ith
 
e
ith

e
r 

fla
m

e
 

o
r 

fu
rn

a
c
e
 



1
0

 

a
to

m
iz

a
tio

n
 

sy
ste

m
, 

d
o

u
b

le
 

b
eam

 b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
te

d
 w

ith
 

d
e
te

c
tio

n
 
lim

its
 

c
o

m
p

a
ra

b
le

 
to

 
th

o
se

 
o

f 
s
in

g
le

 
e
le

m
e
n

t 
A

A
 

a
n

d
 

c
o

m
p

a
ra

b
le

 
to

 
o

r 
a
n

 
o

rd
e
r 

o
f m

a
g

n
itu

d
e
 
b

e
tte

r 
th

a
n

 
IC

P
. 

3
. 

A
to

m
ic 

F
lu

o
re

sc
e
n

c
e
 

S
p

e
c
tro

sc
o

p
y

 

A
to

m
ic

 
flu

o
re

s
c
e
n

c
e
 

sp
e
c
tro

sc
o

p
y

 
is

 
a
n

 
a
b

s
o

rp
tio

n
-e

m
is

­

s
io

n
 
te

c
h

n
iq

u
e
 

b
a
se

d
 

u
p

o
n

 
th

e
 
a
b

s
o

rp
tio

n
 
o

f 
ra

d
ia

tio
n

 
o

f 
a 

c
h

a
ra

c
te

r
is

tic
 
w

a
v

e
le

n
g

th
 
b

y
 
th

e
 

a
n

a
ly

.te
 

a
to

m
s 

a
n

d
 

su
b

se
q

u
e
n

t 

a
d

ia
tio

n
a
l 

d
e
a
c
tiv

a
tio

n
 o

f 
th

e
 
e
x

c
ite

d
 

a
to

m
s. 

T
h

e 
fla

m
e
 

in
 

A
F 

a
s 

in
 

FA
A

 
is

 
u

se
d

 
o

n
ly

 
fo

r 
th

e
 
p

ro
d

u
c
tio

n
 
o

f 
g

ro
u

n
d

 
s
ta

te
 

f
r
e
e
 

a
to

m
s 

a
n

d
 

a
n

 
e
x

te
rn

a
l 

lig
h

t s
o

u
rc

e
 
is

 
u

se
d

 
fo

r 
e
x

c
ita

­

t
io

n
. 

T
h

e 
ra

d
ia

tio
n

 
e
m

itte
d

 
b

y
 
th

e
 
a
n

a
ly

te
 

a
to

m
s 

is
 
c
a
lle

d
 

'flu
o

re
s
c
e
n

c
e
 

a
n

d
, 

s
in

c
e
 
th

e
 

m
eth

o
d

 
is

 
e
m

issio
n

, 
th

e
 
s
ig

n
a
l 

is
 

flu
o

re
s
c
e
n

c
e
 
in

te
n

s
ity

. 
F

lu
o

re
sc

e
n

c
e
 
in

te
n

s
ity

 
is

 
p

ro
p

o
r­

tio
n

a
l 

to
 
th

e
 
c
o

n
c
e
n

tra
tio

n
 
o

f 
a
n

a
ly

te
 
in

 
th

e
 

sa
m

p
le

. 
T

h
e 

p
ro

c
e
s
s
 
o

f 
A

F 
is

 
illu

s
tr

a
te

d
 
in

 
th

e
 

fo
llo

w
in

g
 

d
ia

g
ra

m
. 

g
ro

u
n

d
 
s
ta

te
 +

 
e
n

e
rg

y
 

(h
v
)

. 
a
b

s
o

rp
tio

~
 M

*
-
-
~

 

e
x

c
ite

d
 

s
ta

te
 

g
ro

u
n

d
 

e
m

issio
n

 
s
ta

te
 



1
1

 

In
 

A
F 

b
o

th
 
th

e
 

a
b

s
o

rp
tio

n
 

a
n

d
 

e
m

issio
n

 
w

a
v

e
le

n
g

th
s 

a
re

 
c
h

a
r­

a
c
te

r
is

tic
s
 
o

f 
th

e
 
e
le

m
e
n

t, 
b

u
t 

th
e
y

 
m

ay 
b

e
 
d

iffe
re

n
t 

a
s
 

sh
o

w
n

 
in

 
th

e
 
p

re
v

io
u

s 
d

ia
g

ra
m

. 
T

h
e
re

 
a
re

 
a
c
tu

a
lly

 
fo

u
r 

ty
p

e
s
 

o
f 

flu
o

re
s
c
e
n

c
e
 

( 2
, 3

) : 
(a) 

re
so

n
a
n

c
e
 

flu
o

re
s
c
e
n

c
e
, 

w
ith

 
th

e
 

e
m

is
s
io

n
 

a
n

d
 
a
b

s
o

rp
tio

n
 
w

a
v

e
le

n
g

th
s 

b
e
in

g
 
th

e
 

sa
m

e
; 

(b
) 

d
ire

c
t 

l
in

e
 

flu
o

re
s
c
e
n

c
e
, 

w
ith

 
th

e
 
e
m

issio
n

 
w

a
v

e
le

n
g

th
 
lo

n
g

e
r 

th
a
n

 

'h
e 

a
b

s
o

rp
tio

n
 w

a
v

e
le

n
g

th
; 

(c) 
th

e
rm

a
lly

 
a
s
s
is

te
d

 
flu

o
re

s
­

c
e

n
c
e
, 

w
ith

 
lo

n
g

e
r 

a
b

s
o

rp
tio

n
 w

a
v

e
le

n
g

th
; 

a
n

d
 

(d
) ·-s

e
n

s
itiz

e
d

 

f
l
u

o
re

sc
e
n

c
e
 
in

 w
h

ic
h

 
th

e
 

a
to

m
s 

e
m

it 
ra

d
ia

tio
n

 
a
f
te

r
 
c
o

lli­

s
io

n
a
l 

a
c
tiv

a
tio

n
 

b
y

 
o

th
e
r 

e
x

c
ite

d
 
s
ta

te
s
. 

T
h

e 
e
x

c
ita

tio
n

 
so

u
rc

e
 
in

 A
F 

c
a
n

 
b

e
 
e
ith

e
r 

a 
s
p

e
c
tra

l 

lin
e
 

so
u

rc
e
 

su
c
h

 
a
s 

H
.C

.L
.'s

 
o

r 
a 

c
o

n
tin

u
u

m
 
so

u
rc

e
 

su
c
h

 
a
s
 

tu
n

a
b

le
 

d
y

e
 
la

s
e
rs

 
a
n

d
 

X
e
-a

rc
 

la
m

p
s. 

A
 
c
o

n
tin

u
u

m
 
s
o

u
rc

e
 

h
a
s 

th
e
 

a
d

v
a
n

ta
g

e
 
th

a
t 

i
t
 
c
a
n

 
b

e
 

u
se

d
 

fo
r 

m
an

y
 
e
le

m
e
n

ts 
a
n

d
 

o
ffe

rs
 
th

e
 
p

o
s
s
ib

ility
 
o

f m
u

ltie
le

m
e
n

t 
a
n

a
ly

s
is

, 
w

h
ile

 
H

.C
.L

.'s
 

a
re

 
s
p

e
c
ific

 
to

 
th

e
 

e
le

m
e
n

ts. 
T

u
n

a
b

le
 

d
y

e 
la

s
e
rs

 
w

ith
 
th

e
 

p
o

s
s
ib

ility
 
o

f 
tu

n
in

g
 
a
t 

an
y

 
d

is
c
re

te
 
w

a
v

e
le

n
g

th
, 

th
e
 

s
m

a
ll 

a
re

a
 
in

to
 

w
h

ic
h

 
th

e
 
lig

h
t 

b
eam

 m
ay 

b
e
 
c
o

n
c
e
n

tra
te

d
, 

a
n

d
 
th

e
ir

 

h
ig

h
 
in

te
n

s
ity

, 
a
re

 
v

e
ry

 
g

o
o

d
 

so
u

rc
e
s 

fo
r 

A
F

. 
In

te
n

s
ity

 
o

f 

th
e
 

s
o

u
rc

e
 
is

 
an

 
im

p
o

rta
n

t 
fa

c
to

r 
b

e
c
a
u

se
 
th

e
 

flu
o

re
s
c
e
n

c
e
 

in
te

n
s
ity

 
is

 
d

ire
c
tly

 
p

ro
p

o
rtio

n
a
l 

to
 
i
t
. 

T
h

is 
c
a
n

 
b

e
 

sh
o

w
n

 

b
y

 
th

e
 
e
q

u
a
tio

n
 
in

 w
h

ic
h

 
th

e
 

flu
o

re
s
c
e
n

c
e
 

in
te

n
s
ity

 
is

 
re

la
te

d
 

to
 

th
e
 

c
o

n
c
e
n

tra
tio

n
. 



K
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I 
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 NO 
0 

V
 

=
 n

u
m

b
er 

o
f 

fre
e
 

ato
m

s 
in

 
th

e
 

g
ro

u
n

d
 
s
ta

te
 w

h
ic

h
 

is
 
p

ro
p

o
rtio

n
a
l 

to
 
th

e
 
c
o

n
c
e
n

tra
tio

n
 
o

f 
a
n

a
ly

te
 

in
 
th

e
 

sa
m

p
le

 

=
 p

ro
b

a
b

ility
 
fa

c
to

r 
fo

r 
tra

n
s
itio

n
 

=
 so

u
rc

e
 
in

te
n

s
ity

 

=
 q

u
an

tu
m

 
e
ffic

ie
n

c
y

 

=
 flu

o
re

s
c
e
n

c
e
 
in

te
n

s
ity

 

1
2

 

T
h

e 
s
ig

n
a
l 

c
a
n

 
b

e
 

in
c
re

a
s
e
d

 b
y

 
in

c
re

a
s
in

g
 
th

e
 
in

te
n

s
ity

 
o

f 

t
h

e 
s
o

u
rc

e
. 

A
tte

m
p

ts 
h

a
v

e
 

b
e
e
n

 
m

ad
e 

b
y

 
m

an
y

 
w

o
rk

e
rs 

to
 

u
s
e
 

in
te

n
s
e
 
so

u
rc

e
s 

o
r 

to
 

im
p

ro
v

e
 

th
e
 
p

re
s
e
n

t 
s
o

u
rc

e
s
 

su
c
h

 
a
s
 

H
.C

.L
.'s

. 
P

u
lse

d
 
H

.C
.L

.'s
 

h
a
v

e
 

b
e
e
n

 
u

se
d

 
s
u

c
c
e
s
s
fu

lly
 
in

 

A
F 

(1
8

-2
1

). 
C

o
n

tin
u

u
m

 
s
o

u
rc

e
s
, 

a
s 

m
e
n

tio
n

e
d

 
e
a
r
lie

r
, 

o
f
f
e
r
 

th
e
 

a
d

v
a
n

ta
g

e
s 

o
f 

u
s
in

g
 o

n
ly

 
o

n
e
 

so
u

rc
e
 
fo

r 
s
e
v

e
ra

l 
e
le

m
e
n

ts 

a
n

d
 
th

e
 
p

o
s
s
ib

ility
 
o

f 
m

u
ltie

le
m

e
n

t 
a
n

a
ly

s
is

 
(2

2
,2

3
). 

A
 

d
e
ta

ile
d

 
d

is
c
u

s
s
io

n
 

o
n

 
th

e
 

u
se

 
o

f 
th

e
s
e
 

a
n

d
 
o

th
e
r 

s
o

u
rc

e
s
, 

su
c
h

 
a
s 

e
le

c
tro

d
e
le

s
s
 
d

is
c
h

a
rg

e
 

la
m

p
s 

a
n

d
 
la

s
e
rs

 
c
a
n

 
b

e
 

fo
u

n
d

 
in

 
th

e
 
lite

r
a
tu

r
e
 

(2
,2

4
-2

6
). 

O
th

e
r 

re
q

u
ire

m
e
n

ts 
o

f 
A

F 
a
re

 
th

e
 

sam
e 

a
s 

fo
r 

A
A

, 
i
.e

., 

m
o

n
o

c
h

ro
m

a
to

r, 
d

e
te

c
to

r 
an

d
 
re

a
d

o
u

t 
sy

ste
m

. 
H

o
w

ev
er, 

in
 

A
F 

th
e
 

so
u

rc
e
 
is

 
n

o
t 

p
la

c
e
d

 
in

 
v

ie
w

 
o

f 
th

e
 

m
o

n
o

c
h

ro
m

a
to

r 
e
n

tra
n

c
e
 

s
l
i
t
 

(u
s
u

a
lly

 
a
t 

rig
h

t 
a
n

g
le

s
). 

4
. 

In
d

u
c
tiv

e
ly

 
C

o
u

p
le

d
 

P
la

sm
a
 
E

m
issio

n
 
S

p
e
c
tro

sc
o

p
y

 
(IC

P
) 

T
h

e 
b

a
s
is

 
o

f 
th

is
 

te
c
h

n
iq

u
e
 
is

 
a
c
tu

a
lly

 
th

e
 

sam
e 

a
s 

F
A

E
; 

th
e
 

o
n

ly
 
d

iffe
re

n
c
e
 
is

in
 
th

e
 
e
x

c
ita

tio
n

 
s
o

u
rc

e
, 

w
h

ic
h

 
is

 



1
3

 

b
rie

fly
 
d

e
s
rib

e
d

 
h

e
re

. 
F

o
r m

o
re 

d
is

c
u

s
s
io

n
 
th

e
 
re

a
d

e
r 

is
 

re
fe

rre
d

 
to

 
th

e
 

fo
llo

w
in

g
 

re
fe

re
n

c
e
s
 

(2
7

-3
4

). 
T

h
e 

e
x

c
ita

­

tio
n

 
s
o

u
rc

e
, ·w

h
ic

h
 
is

 
s
im

ila
r 

to
 

fla
m

e
s, 

is
 
c
a
lle

d
 
th

e
 

in
d

u
c
­

tiv
e
ly

 
c
o

u
p

le
d

 
a
rg

o
n

 
p

la
sm

a
 
d

is
c
h

a
rg

e
 

(IC
P

). 
T

h
is 

ty
p

e
 
o

f 

p
la

sm
a
 
is

 
a 

p
a
rtia

lly
 
io

n
iz

e
d

 
a
rg

o
n

 
g

a
s
. 

I
t
 
is

 
fo

rm
e
d

 
e
le

c
­

t
r
o

m
a
g

n
e
tic

a
lly

 
b

y
 
th

e
 

c
o

u
p

lin
g

 o
f 

h
ig

h
 

fre
q

u
e
n

c
y

 
e
n

e
rg

y
 

w
ith 

io
n

iz
e
d

 
a
rg

o
n

 
g

a
s
. 

T
h

e 
p

la
sm

a
 
c
o

n
s
is

ts
 
o

f 
a 

to
rc

h
 

(th
r

e
e
 
c
o

n
c
e
n

tric
 
q

u
a
rtz

 
tu

b
e
s) 

th
ro

u
g

h
 w

h
ic

h
 
th

e
 

a
rg

o
n

 
g

a
s 

f
l
o

w
s, 

su
rro

u
n

d
e
d

 
b

y
·a 

w
a
te

r-c
o

o
le

d
 
in

d
u

c
tio

n
 
c
o

il. 
A

 
ra

d
io

 

f
r

e
q

u
e
n

c
y

 
g

e
n

e
ra

to
r 

s
u

p
p

lie
s
 

p
o

w
er 

to
 
th

e
 
c
o

il. 
A

n 
in

te
n

s
e
 

m
ag

n
e
tic

 
fie

ld
 

d
e
v

e
lo

p
s 

a
t 

th
e

·.to
rc

h
 
a
re

a
 
in

s
id

e
 

th
e
 
c
o

il. 

T
h

e 
a
rg

o
n

 
g

a
s 

is
 

th
e
n

 
e
x

p
o

se
d

 
to

 
a 

T
e
s
la

 c
o

il 
d

is
c
h

a
rg

e
 
to

 

p
ro

d
u

c
e
 

"se
e
d

" 
e
le

c
tro

n
s
. 

T
h

e 
a
rg

o
n

 
g

a
s 

is
 

io
n

iz
e
d

 
b

y
 
th

e
s
e
 

e
le

c
tro

n
s
 

a
n

d
 

b
eco

m
es 

c
o

n
d

u
c
tiv

e
. 

T
h

e 
in

te
ra

c
tio

n
 
o

f 
th

e
 

io
n

iz
e
d

 
a
rg

o
n

 
g

a
s 

w
ith

 
th

e
 
in

te
n

s
e
 
e
le

c
tro

m
a
g

n
e
tic

 
f
ie

ld
 
p

ro
­

d
u

c
e
s 

a 
s
ta

b
le

 
fla

m
e
-sh

a
p

e
d

 
p

la
sm

a
 
n

e
a
r 

th
e
 

to
p

 
o

f 
th

e
 
to

rc
h

. 
0 

T
h

e 
te

m
p

e
ra

tu
re

 
o

f 
th

e
 

p
la

sm
a
 
is

 
a
b

o
u

t 
1

0
,0

0
0

 
K

, 
w

h
ic

h
 
is

 

m
u

ch
 
h

ig
h

e
r 

th
a
n

 
fla

m
e
s 

(se
e
 

T
a
b

le
 
1

). 
T

h
u

s 
i
t
 
is

 
n

e
c
e
s
s
a
ry

 

to
 
is

o
la

te
 
th

e
 

p
la

sm
a
 

fro
m

 
th

e
 
to

rc
h

 
b

y
 

flo
w

in
g

 
a
rg

o
n

 
g

a
s 

th
ro

u
g

h
 
th

e
 
o

u
te

r 
tu

b
e
 
to

 
p

re
v

e
n

t o
v

e
rh

e
a
tin

g
. 

T
h

is 
a
ls

o
 

s
e
rv

e
s
 

to
 
c
e
n

te
r 

a
n

d
 
s
ta

b
iliz

e
 
th

e
 

p
la

sm
a
 

a
n

d
 
to

 
c
re

a
te

 
a 

lo
w

 
p

re
s
s
u

re
 

z
o

n
e
 
in

 
th

e
 
a
x

ia
l 

c
h

a
n

n
e
l 

o
f 

th
e
 

tu
b

e
 

(2
7

). 

T
h

e 
sa

m
p

le
 
is

 
a
s
p

ira
te

d
 
th

ro
u

g
h

 
th

e
 
n

e
b

u
liz

e
r, 

w
h

ic
h

 

m
ay 

b
e
 
e
ith

e
r 

p
n

e
u

m
a
tic

 
o

r 
u

lt~
a
s
o

n
ic

, 
to

 
p

ro
d

u
c
e
 

a
n

 
a
e
rs

o
l 

o
f 

v
e
ry

 
fin

e
 
p

a
rtic

le
s
 

in
 
th

e
 

e
x

p
a
n

sio
n

 
c
h

a
m

b
e
r. 

A
 

few
 
p

e
r­

c
e
n

t 
o

f 
th

e
 

sa
m

p
le

 
a
re

 
tra

n
s
p

o
rte

d
 
to

 
th

e
 

p
la

sm
a
 
th

ro
u

g
h

 
th

e
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in
n

e
r 

q
u

a
rtz

 
tu

b
e
. 

T
h

e 
sa

m
p

le
 
is

 
in

tro
d

u
c
e
d

 
in

 
th

e
 

lo
w

 

p
re

s
s
u

re
 

z
o

n
e
 
o

f 
th

e
 
p

la
sm

a
, 

w
h

e
re

 
th

e
re

 
is

 
a 

h
ig

h
 

a
n

d
 
u

n
i­

fo
rm

 
te

m
p

e
ra

tu
re

. 
~

h
is 

zo
n

e 
e
n

su
re

s 
lo

n
g

 
re

s
id

e
n

c
e
 

tim
e
 

fo
r 

c
o

m
p

le
te

 
v

a
p

o
riz

a
tio

n
, 

a
n

d
 

a
lm

o
st 

c
o

m
p

le
te

 
a
to

m
iz

a
tio

n
, 

e
x

c
ita

tio
n

 
a
n

d
/o

r 
io

n
iz

a
tio

n
 
o

f 
th

e
 
a
n

a
ly

te
 

a
to

m
s. 

D
e
e
x

c
ita

­

t
i

o
n

 
o

f 
th

e
 
e
x

c
ite

d
 

ato
m

s 
p

ro
d

u
c
e
s 

in
te

n
s
e
 
e
m

issio
n

 
lin

e
s
 

c
h

a
r
a
c
te

r
is

tic
 
o

f 
th

e
 
e
le

m
e
n

ts
,w

ith
 
th

e
 
in

te
n

s
ity

 
b

e
in

g
 

d
e

p
e
n

d
e
n

t 
o

n
 
c
o

n
c
e
n

tra
tio

n
. 

IC
P

 
u

s
u

a
lly

 
h

a
s 

b
e
e
n

 
u

se
d

 
a
s 

a 
sim

u
lta

n
e
o

u
s _m

u
ltie

le
m

e
n

t 

• e
c
h

n
iq

u
e
 
w

ith
 
th

e
 
c
a
p

a
b

ility
 
o

f 
m

e
a
su

rin
g

 
u

p
 
to

 
7

0
 

e
le

m
e
n

ts
. 

T
he 

re
q

u
ire

m
e
n

ts 
fo

r 
m

e
a
su

rin
g

 
th

e
 
in

te
n

s
ity

 
o

f 
s
e
v

e
ra

l 
e
le

­

m
e
n

ts 
sim

u
lta

n
e
o

u
sly

 
in

c
lu

d
e
 

a 
h

ig
h

 
d

is
p

e
rs

io
n

 
g

ra
tin

g
 

s
p

e
c
­

tro
m

e
te

r 
e
q

u
ip

p
e
d

 w
ith

 
s
e
p

a
ra

te
 
d

e
te

c
to

rs
 

fo
r 

e
a
c
h

 
e
le

m
e
n

t 

a
n

d
 

a 
c
o

m
p

u
te

r 
fo

r 
d

a
ta

 
h

a
n

d
lin

g
 

a
n

d
 
p

ro
c
e
s
s
in

g
. 

IC
P

 
a
ls

o
 

h
a
s 

b
e
e
n

 
u

se
d

 
fo

r 
s
e
q

u
e
n

tia
l 

m
u

ltie
le

m
e
n

t 
a
n

a
ly

s
is

 
w

h
e
re

 
a 

sc
a
n

n
in

g
 

m
o

n
o

c
h

ro
m

a
to

r 
is

 
u

se
d

. 

M
u

ltie
le

m
e
n

t 
a
n

a
ly

s
is

 
c
a
p

a
b

ility
 
o

f 
th

e
 

IC
P

 
is

 
th

e
 
m

o
st 

im
p

o
rta

n
t 

a
d

v
a
n

ta
g

e
 
o

f 
th

is
 

te
c
h

n
iq

u
e
 
o

v
e
r 

fla
m

e
 

m
e
th

o
d

s. 

T
h

is 
is

 
d

u
e
 
to

 
th

e
 
c
h

a
ra

c
te

ris
tic

s
 
o

f 
th

e
 

p
la

sm
a
, 

w
ith

 
its

 

h
ig

h
 
te

m
p

e
ra

tu
re

 
an

d
 
s
ta

b
ility

, 
so

 
th

a
t w

h
en

 
a 

sa
m

p
le

 
o

f 
a 

c
o

m
p

le
x

 
m

a
trix

 
is

 
in

tro
d

u
c
e
d

 
in

to
 
th

e
 

p
la

sm
a
 m

o
st 

o
f 

th
e
 

e
le

m
e
n

ts 
w

ill 
e
m

it 
o

n
e
 
o

r m
o

re 
in

te
n

s
e
 
lin

e
s
 

e
v

e
n

 
a
t 

c
o

n
c
e
n

­

tra
tio

n
s
 

in
 
th

e
 

p
p

b
 
ra

n
g

e
. 

A
n

o
th

e
r 

im
p

o
rta

n
t 

a
d

v
a
n

ta
g

e
 
o

f 

th
e
 

p
la

sm
a
 
o

v
e
r 

fla
m

e
s 

is
 
its

 
re

la
tiv

e
ly

 
g

re
a
te

r 
fre

e
d

o
m

 
fro

m
 

c
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s
 

su
c
h

 
a
s 

v
a
p

o
riz

a
tio

n
, 

co
m

p
o

u
n

d
 

fo
rm

a
­

tio
n

 
a
n

d
 
io

n
iz

a
tio

n
 
in

te
rfe

re
n

c
e
. 

Io
n

iz
a
tio

n
 
in

te
rfe

re
n

c
e
 

is
 
n

o
t 

a
s 

im
p

o
rta

n
t 

in
 

IC
P

 
a
s 

i
t
 
is

 
in

 
fla

m
e
s 

b
e
c
a
u

se
 
o

f 
th

e
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v
e
ry

 
h

ig
h

 
p

o
p

u
la

tio
n

 
o

f 
n

e
u

tra
l 

ato
m

s 
p

re
s
e
n

t 
in

 
th

e
 

p
la

sm
a
, 

a
n

d
 
th

e
 
c
o

n
d

itio
n

s
 

c
a
n

 
b

e
 

a
d

ju
s
te

d
 
to

 
m

in
im

iz
e
 
th

e
 
io

n
iz

a
­

tio
n

. 
F

o
r 

so
m

e 
e
le

m
e
n

ts 
io

n
ic

 
lin

e
s
 
a
re

 
u

se
d

 
b

e
c
a
u

se
 
o

f 

h
ig

h
e
r 

in
te

n
s
ity

 
an

d
 

lo
w

e
r 

in
te

rfe
re

n
c
e
s
. 

In
te

rfe
re

n
c
e
s
 
in

 
IC

P
 

a
re

 
m

a
in

ly
 

d
u

e 
to

 
sa

m
p

le
 
tr

a
n

s
­

p
o

r
t, 

s
c
a
tte

re
d

 
lig

h
t 

a
n

d
 
s
p

e
c
tra

l 
in

te
rfe

re
n

c
e
s
. 

T
h

e
se

 

i~
te

rfe
re

n
c
e
s
 

a
re

 
d

isc
u

sse
d

 
in

 
C

h
a
p

te
r 

IV
. 

S
p

e
c
tra

l 
in

te
r
­

•#re
n

c
e
s 

c
a
n

 
b

e
 
m

in
im

iz
e
d

 
b

y
 
a
p

p
ly

in
g

 
c
o

rre
c
tio

n
 
te

c
h

n
iq

u
e
s
. 

a
c
tr

a
l 

in
te

rfe
re

n
c
e
 

d
u

e 
to

 
b

a
c
k

g
ro

u
n

d
 
v

a
ria

tio
n

 
o

r 
m

o
le

c
­

u
l·r

 
e
m

issio
n

 
b

a
n

d
s 

c
a
n

 
b

e
 

m
in

im
iz

e
d

 
b

y
 
u

s
in

g
 w

a
v

e
le

n
g

th
 

m
odu

la
tio

n
 
te

c
h

n
iq

u
e
s
. 

T
h

e 
b

a
s
is

 
o

f 
th

is
 

te
c
h

n
iq

u
e
 
is

 

m
e
a
su

re
m

e
n

t 
o

f 
s
ig

n
a
ls

 
a
t 

tw
o

 
d

iffe
re

n
t w

a
v

e
le

n
g

th
s, 

o
n

e
 
a
t 

th
e
 

e
m

issio
n

 w
a
v

e
le

n
g

th
 
o

f 
th

e
 

e
le

m
e
n

t 
o

f 
in

te
r
e
s
t 

a
n

d
 
th

e
 

o
th

e
r 

ju
s
t o

ff 
th

e
 
p

e
a
k

. 
T

h
e 

e
ffe

c
t 

o
f 

b
a
c
k

g
ro

u
n

d
 
is

 
th

e
n

 

c
o

m
p

e
n

sa
te

d
 
fo

r 
b

y
 
u

sin
g

 
e
ith

e
r 

th
e
 

re
sp

o
n

se
 
d

iffe
re

n
c
e
 
o

r 

ta
k

in
g

 
th

e
 
ra

tio
 
o

f 
th

e
 
s
ig

n
a
ls

 
a
t 

th
e
s
e
 

tw
o

 
w

a
v

e
le

n
g

th
s. 
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C
h

a
p

te
r 

I
I
I
 

A
tom

 
R

e
se

rv
o

ir 

A
. 

In
tro

d
u

c
tio

n
 

T
h

e 
ato

m
 
c
e
ll 

is
 
p

ro
b

a
b

ly
 
th

e
 
m

o
st 

im
p

o
rta

n
t 

c
o

m
p

o
n

e
n

t 

o
f 

th
e 

a
to

m
ic

 
sp

e
c
tro

m
e
te

r 
sy

ste
m

 b
e
c
a
u

se
 
th

e
 
p

re
c
is

io
n

, 

a~
c
u

ra
c
y

, 
s
e
n

s
itiv

ity
 

an
d

 
d

e
te

c
tio

n
 
lim

its
 

a
re

 
h

ig
h

ly
 
d

e
p

e
n

d
e
n

t 

th
i

s 
p

a
rt. 

D
iffe

re
n

t 
ty

p
e
s 

o
f 

ato
m

 
re

s
e
rv

o
irs

 
h

a
v

e
 

b
e
e
n

 

u~
 

d
in

 
a
to

m
ic

 
sp

e
c
tro

m
e
te

rs 
a
n

d
, 

in
 
g

e
n

e
ra

l, 
th

e
y

 
a
re

 
c
la

s
­

s
if

i
e
d

 
a
s 

fla
m

e
 

a
n

d
 

n
o

n
-fla

m
e
 
ty

p
e
s
. 

C
h

e
m

ic
a
l 

fla
m

e
s 

a
re

 

th
e 

m
o

st 
w

id
e
ly

 
u

se
d

 
in

 A
A

, 
A

F 
an

d
 

A
E

. 
S

om
e 

a
d

v
a
n

ta
g

e
s 

o
f 

fla
m

e
s 

a
re

 
g

o
o

d
 
s
ta

b
ility

 
(fo

r 
h

ig
h

 
a
c
c
u

ra
c
y

 
a
n

d
 
p

re
c
is

io
n

), 

s
im

p
lic

ity
, 

e
a
se

 
o

f 
o

p
e
ra

tio
n

 
an

d
 

lo
w

 
c
o

s
t. 

H
o

w
ev

er, 
th

e
re

 

a
re

 
so

m
e 

d
isa

d
v

a
n

ta
g

e
s 

to
 
th

e
 

u
se

 
o

f 
fla

m
e
s. 

T
h

e 
m

a
in

 
o

n
e
s 

a
re

 
th

e
 

p
ro

b
le

m
 o

f 
h

ig
h

 
b

a
c
k

g
ro

u
n

d
 
e
m

issio
n

, 
d

if
f
ic

u
lty

 
o

f 

c
lo

s
e
 
c
o

n
tro

l 
o

v
e
r 

th
e
 

fla
m

e
 

e
n

v
iro

n
m

e
n

t 
a
n

d
 

p
ro

b
le

m
s 

in
 

th
e
 
a
n

a
ly

s
is

 
o

f 
sm

a
ll 

sa
m

p
le

s. 

N
o

n
-fla

m
e
 

m
eth

o
d

s 
h

a
v

e
 

b
e
e
n

 
u

se
d

 
in

 
re

c
e
n

t 
y

e
a
rs

 
m

a
in

ly
 

fo
r 

A
A

. 
T

h
e 

m
o

st 
s
u

c
c
e
s
s
fu

l 
n

o
n

-fla
m

e
 

a
to

m
iz

a
tio

n
 

sy
ste

m
 

is
 

th
e
 

h
ig

h
 
te

m
p

e
ra

tu
re

 
g

ra
p

h
ite

 
fu

rn
a
c
e
, 

w
h

ic
h

 w
as 

p
ro

b
a
b

ly
 

th
e
 
f
ir

s
t 

n
o

n
-fla

m
e
 
c
e
ll. 

A
n

a
ly

tic
a
l 

m
e
th

o
d

s 
b

a
se

d
 

o
n

 
th

e
 

u
se

 
o

f 
th

e
s
e
 
d

e
v

ic
e
s 

w
ere 

p
io

n
e
e
re

d
 b

y
 
L

'v
o

v
 

(3
5

). 
A

 
s
m

a
ll 

a
n

d
 

fix
e
d

 
sa

m
p

le
 

v
o

lu
m

e 
is

 
in

tro
d

u
c
e
d

 
in

to
 
th

e
 

fu
rn

a
c
e
, 

u
s
u

a
lly

 
a 

g
ra

p
h

ite
 

tu
b

e
. 

A
fte

r 
p

re
tre

a
tm

e
n

t 
fo

r 
d

ry
in

g
 

a
n

d
 

a
s
h

in
g

, 
i
t
 
is

 
th

e
rm

a
lly

 
a
to

m
iz

e
d

 
b

y
 
re

s
is

tiv
e
 
h

e
a
tin

g
 
in

 
a
n

 

in
e
r
t 

o
r 

re
a
c
tiv

e
 

a
tm

o
sp

h
e
re

 
a
n

d
 

a 
tra

n
s
ie

n
t 

s
ig

n
a
l 

is
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o
b

ta
in

e
d

. 
O

th
e
r 

s
im

ila
r 

d
e
v

ic
e
s 

c
o

n
s
is

tin
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b
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d
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e
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c
h

 
a
s 

A
r 

to
 
e
lim

in
a
te

 
th

e
 
in

te
r
­

f
e
re

n
c
e
 
e
ffe

c
t 

o
f o

2 
o

r 
o

th
e
r 

s
p

e
c
ie

s
 

fro
m

 
th

e
 

a
to

m
iz

a
tio

n
 

,3
.ll

; 
c
lo

s
e
 
c
o

n
tro

l 
o

v
e
r 

te
m

p
e
ra

tu
re

; a
n

d
 
th

e
 
p

o
s
s
ib

ility
 
o

f 

u
s
in

g 
v

e
ry

 
sm

a
ll 

sa
m

p
le

 
v

o
lu

m
e
s, 

a
s 

lo
w

 
a
s 

a 
few

 
m

ic
ro

lite
rs

. 

In
 
s
p

ite
 
o

f 
th

e
s
e
 

a
d

v
a
n

ta
g

e
s 

o
v

e
r 

fla
m

e
s, 

th
e
re

 
a
re

 
so

m
e 

in
te

re
fe

re
n

c
e
s
 

w
h

ic
h

 
so

m
e
tim

e
s 

re
s
u

lt 
in

 
p

o
o

re
r 

a
c
c
u

ra
c
y

 
a
n

d
 

p
re

c
is

io
n

 
a
s 

c
o

m
p

a
re

d
 
to

 
fla

m
e
s. 

S
om

e 
d

is
a
d

v
a
n

ta
g

e
s
 
o

f 

th
e
rm

a
l 

a
to

m
iz

a
tio

n
 

sy
ste

m
s 

a
re

: 
m

em
o

ry
 
e
ffe

c
t; 

p
ro

b
le

m
 
o

f 

re
p

ro
d

u
c
ib

le
 

sa
m

p
le

 
d

e
p

o
s
itio

n
; 

n
e
e
d

 
fo

r 
a 

la
rg

e
 

p
o

w
e
r 

s
u

p
­

p
ly

; 
a
n

d
 
c
o

s
t 

o
f 

o
p

e
ra

tio
n

. 
R

ev
iew

s 
a
n

d
 
a
r
tic

le
s
 

o
n

 
n

o
n

­

fla
m

e
 

te
c
h

n
iq

u
e
s
 

c
a
n

 
b

e
 

fo
u

n
d

 
e
lse

w
h

e
re

 
{

3
5

-3
9

). 

B
. 

G
e
n

e
ra

l 
F

lam
e 

C
h

a
ra

c
te

ris
tic

s
 
fo

r 
A

to
m

ic
 

S
p

e
c
tro

sc
o

p
y

 

T
h

e 
m

a
in

 
re

q
u

ire
m

e
n

ts 
o

f 
a 

fla
m

e
 
c
e
ll 

fo
r 

A
A

, 
A

E 
a
n

d
 

A
F 

a
re

: 

1
) 

h
ig

h
 
v

a
p

o
riz

a
tio

n
 
e
ffic

ie
n

c
y

 
to

 
g

iv
e
 
s
u

f
f
ic

ie
n

t 

b
re

a
k

d
o

w
n

 
o

f 
th

e
 

sa
m

p
le

 
a
n

d
 
p

re
v

e
n

t 
in

te
rfe

re
n

c
e
s
 

fro
m

 
sa

m
p

le
 
m

a
trix

. 

2
) 

h
ig

h
 

a
to

m
iz

a
tio

n
 
e
ffic

ie
n

c
y

 
to

 
p

ro
d

u
c
e
 
h

ig
h

 
p

o
p

u
­

la
tio

n
s
 
o

f 
th

e
 

a
n

a
ly

te
 

ato
m

s 
fo

r 
g

o
o

d
 
s
e
n

s
itiv

ity
 

a
n

d
 

lo
w

 
d

e
te

c
tio

n
 
lim

its
. 



3
) 

lo
w

 
io

n
iz

a
tio

n
 
to

 
p

re
v

e
n

t 
d

e
c
re

a
s
e
 
in

 
th

e
 

a
to

m
 

p
o

p
u

la
tio

n
 
o

r h
ig

h
 
io

n
iz

a
tio

n
 w

h
en

 
a
n

 
io

n
ic

 
lin

e
 

is
 
u

se
d

. 

4
) 

h
ig

h
 
s
ta

b
ility

 
a
n

d
 
re

p
ro

d
u

c
ib

ility
 
o

f 
th

e
 

fla
m

e
 

a
n

d
 
n

e
b

u
liz

e
r 

fo
r 

h
ig

h
 
p

re
c
is

io
n

 
a
n

d
 

a
c
c
u

ra
c
y

 
o

f 

th
e
 
m

e
a
su

re
m

e
n

ts. 

5
) 

lo
n

g
 
re

s
id

e
n

c
e
 

tim
e
 
o

f 
th

e
 
a
n

a
ly

te
 

a
to

m
s 

in
 
th

e
 

o
p

tic
a
l 

p
a
th

. 

6) 
lo

w
 

fla
m

e
 

b
a
c
k

g
ro

u
n

d
 
e
m

issio
n

. 

7
) 

s
a
fe

ty
. 

1
8

 

T
h

e
re

 
a
re

 
so

m
e 

s
p

e
c
ia

l 
re

q
u

ire
m

e
n

ts 
fo

r 
e
a
c
h

 
te

c
h

n
iq

u
e
. 

F
o

r 
e
x

a
m

p
le

, 
h

ig
h

 
e
x

c
ita

tio
n

 
e
ffic

ie
n

c
y

 
fo

r 
A

E
, 

lo
w

 
c
o

n
c
e
n

­

tr
a
tio

n
 
o

f 
q

u
a
n

c
h

in
g

 
s
p

e
c
ie

s
 

fo
r 

A
F

, 
a
n

d
 

lo
w

 
s
c
a
tte

rin
g

 
o

f 

e
x

c
ita

tio
n

 
b

eam
 
fo

r 
A

A
 

an
d

 
A

F
. 

T
h

e 
f
ir

s
t 

th
re

e
 
c
o

n
d

itio
n

s
 
a
re

 
h

ig
h

ly
 
te

m
p

e
ra

tu
re

-d
e
p

e
n

­

d
e
n

t. 
C

o
n

d
itio

n
 

4 
d

e
p

e
n

d
s 

o
n

 
s
e
v

e
ra

l 
fa

c
to

rs
 

su
c
h

 
a
s 

fu
e
l 

a
n

d
 
o

x
id

a
n

t, 
b

u
rn

e
r 

d
e
s
ig

n
, 

an
d

 
n

e
b

u
liz

e
r 

e
ffic

ie
n

c
y

. 
C

o
n

d
i­

tio
n

 
5 

is
 
a
ls

o
 

an
 

im
p

o
rta

n
t 

fa
c
to

r; 
th

e
 

lo
n

g
e
r 

th
e
 

fre
e
 

a
to

m
s 

re
m

a
in

 
in

 
th

e
 

fla
m

e
 
in

 
v

ie
w

 
o

f 
th

e
 
e
n

tra
n

c
e
 
s
l
i
t
, 

th
e
 
g

re
a
te

r 

th
e
 
p

ro
b

a
b

ility
 
o

f 
e
x

c
ita

tio
n

, 
d

e
e
x

c
ita

tio
n

 
o

r 
a
b

s
o

rp
tio

n
. 

T
o

 
h

a
v

e
 

a 
lo

n
g

 
re

s
id

e
n

c
e
 

tim
e
, 

b
u

rn
in

g
 
v

e
lo

c
ity

 
o

f 
th

e
 

fla
m

e
 

g
a
s
e
s
 

m
u

st 
n

o
t 

b
e
 
la

rg
e
. 

C
o

n
d

itio
n

 
6 

d
e
p

e
n

d
s 

o
n

 
fu

e
l 

a
n

d
 

o
x

id
a
n

t·.g
a
se

s 
a
n

d
 
a
ls

o
 

o
n

 
s
o

lv
e
n

t. 
H

y
d

ro
c
a
rb

o
n

 
fla

m
e
s 

g
iv

e
 

a 
h

ig
h

e
r 

b
a
c
k

g
ro

u
n

d
 
le

v
e
l 

th
a
n

 
h

y
d

ro
g

e
n

 
fla

m
e
s. 

T
h

e 
u

se
 
o

f 

a
n

 
in

e
r
t 

g
a
s 

fo
r 

s
h

e
a
th

in
g

 
d

e
c
re

a
s
e
s
 

th
e
 

b
a
c
k

g
ro

u
n

d
 
to

 
v

e
ry

 

lo
w

 
le

v
e
ls

. 
F

o
r 

a 
b

e
tte

r 
u

n
d

e
rsta

n
d

in
g

 
o

f 
th

e
s
e
 
c
o

n
d

itio
n

s
 



i
t
 
is

 
n

e
c
e
s
s
a
ry

 
to

 
d

e
a
l 

w
ith

 
d

iffe
re

n
t 

p
a
ra

m
e
te

rs
 

in
 
th

e
 

fo
llo

w
in

g
 

s
e
c
tio

n
s
. 

1
. 

F
la

m
e
 
T

e
m

p
e
ra

tu
re

 

1
9

 

T
e
m

p
e
ra

tu
re

 
o

f 
th

e
 

fla
m

e
 
is

 
a
n

 
im

p
o

rta
n

t 
fa

c
to

r 

g
o

v
e
rn

in
g

 
d

iffe
re

n
t 

p
ro

c
e
s
s
e
s
 
in

 
th

e
 

fla
m

e
, 

in
c
lu

d
in

g
 
d

e
s
o

l­

v
a
ti

o
n

, 
v

a
p

o
riz

a
tio

n
, 

a
to

m
iz

a
tio

n
, 

e
x

c
ita

tio
n

 
(in

 
A

E
) 

a
n

d
 

i
o
n

iz
a
tio

n
. 

T
h

e
re

fo
re

, 
o

n
e 

o
f 

th
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c
tiv

e
 

w
ay

 
o

f 
su

p
p

re
ssin

g
 
io

n
iz

a
tio

n
 
in

 
v

e
ry

 
h

o
t 

fla
m

e
s
, 

b
y

 
a
d

d
in

g
 

a
n

 
e
x

c
e
ss 

o
f 

a
n

 
e
a
s
ily

 
io

n
iz

e
d

 
e
le

m
e
n

t 
w

h
ic

h
 
is

 

-
l

e
d

 
a
n

 
io

n
iz

a
tio

n
 
b

u
ffe

r. 
T

h
e 

e
ffe

c
t o

f 
th

e
 
b

u
ffe

r 
is

 

c
re

a
te

 
a 

la
rg

e
 
d

e
n

s
ity

 
o

f 
e
le

c
tro

n
s
 

a
n

d
 
th

u
s
 

d
e
c
re

a
s
e
 

tle
 
io

n
iz

a
tio

n
 o

f 
th

e
 
e
le

m
e
n

t 
so

u
g

h
t. 

2
. 

B
u

rn
e
r 

S
y

ste
m

 

In
 
g

e
n

e
ra

l, 
tw

o
 

ty
p

e
s 

o
f 

b
u

rn
e
rs 

h
a
v

e
 

b
e
e
n

 
u

se
d

 
in

 

fla
m

e
 

a
to

m
ic

 
sp

e
c
tro

sc
o

p
y

: 
to

ta
l 

c
o

n
su

m
p

tio
n

 
a
n

d
 
p

re
m

ix
e
d

. 

W
ith

 
th

e
 
to

ta
l 

c
o

n
su

m
p

tio
n

 
b

u
rn

e
r, 

w
h

ic
h

 
is

 
so

m
e
tim

e
s 

c
a
lle

d
 

d
ir

e
c
t 

in
je

c
tio

n
 
b

u
rn

e
r, 

th
e
 
o

x
id

a
n

t 
g

a
s 

e
n

te
rs

 
th

e
 
b

u
rn

e
r 

a
t 

h
ig

h
 
p

re
s
s
u

re
 

an
d

 
su

rro
u

n
d

s 
a 

c
a
p

illa
ry

 
tu

b
e
 

c
o

n
n

e
c
te

d
 
to

 

th
e
 

sa
m

p
le

 
re

s
e
rv

o
ir; 

th
e
 

h
ig

h
 
p

re
s
s
u

re
 
o

f 
th

e
 

g
a
s 

p
ro

d
u

c
e
s 

a 
"
v

e
n

tu
ri"

 
e
ffe

c
t 

a
n

d
 

d
ra

w
s 

th
e
 
s
o

lu
tio

n
 u

p
 
in

to
 
th

e
 

g
a
s 

s
tre

a
m

 w
h

e
re

 
th

e
 
s
o

lu
tio

n
 
is

 
b

ro
k

e
n

 
in

to
 

a
n

 
a
e
ro

s
o

l 
o

f 
s
m

a
ll 

p
a
r
tic

le
s
. 

A
d

v
a
n

ta
g

e
s 

o
f 

to
ta

l 
c
o

n
su

m
p

tio
n

 
b

u
rn

e
rs

 
a
re

: 

(1
) 

a
ll 

o
f 

th
e
 

sa
m

p
le

 
is

 
a
s
p

ira
te

d
 
in

to
 
th

e
 

fla
m

e
 

w
ith

 
th

e
 

fo
llo

w
in

g
 

a
d

v
a
n

ta
g

e
s: 

a
. 

h
ig

h
 
a
n

a
ly

te
 

c
o

n
c
e
n

tra
tio

n
 
in

 
th

e
 

fla
m

e
 

b
. 

n
o

 
e
rro

r 
d

u
e 

to
 
lo

s
s
 
o

f 
so

m
e 

v
o

la
tile

 
co

m
p

o
­

n
e
n

ts
 
if

 
th

e
y

 
a
re

 
p

re
s
e
n

t 

(2
) 

n
o

 
m

em
o

ry
 
e
ffe

c
t 

t3
) 

e
a
sy

 
to

 
c
le

a
n

 



2
2

 

(4
) 

c
a
p

a
b

ility
 
o

f 
u

sin
g

 
a 

w
id

e 
v

a
rie

ty
 
o

f 
fla

m
e
 

m
ix

­

tu
re

s
 

(5
) 

n
o

 
d

a
n

g
e
r 

o
f 

fla
sh

b
a
c
k

 

D
isa

d
v

a
n

ta
g

e
s 

o
f 

to
ta

l 
c
o

n
su

m
p

tio
n

 
b

u
rn

e
rs

 
a
re

: 

(1
) 

v
a
ria

tio
n

 
in

 
d

ro
p

le
t 

s
iz

e
 

a
n

d
 
p

o
s
s
ib

ility
 
o

f 
p

a
s
s
-

in
g

 
la

rg
e
 
d

ro
p

le
ts

 
in

to
 
th

e
 

fla
m

e
 

(2
) 

in
c
o

m
p

le
te

 
e
v

a
p

o
ra

tio
n

 

(3
) 

h
ig

h
 
a
c
o

u
s
tic

 
n

o
is

e
 

(4
) 

re
la

tiv
e
ly

 
lo

w
 
te

m
p

e
ra

tu
re

 
d

u
e 

to
 

a 
la

rg
e
 

v
o

lu
m

e
 

o
f 

sa
m

p
le

 
a
s
p

ira
te

d
 
in

to
 
th

e
 

fla
m

e
s 

(5
) 

c
lo

g
g

in
g

 
th

e
 
b

u
rn

e
r,w

h
ic

h
 w

ill 
c
a
u

se
 

a 
c
h

a
n

g
e
 
in

 

a
s
p

ira
tio

n
 
ra

te
 

(6
) 

lig
h

t 
s
c
a
tte

rin
g

 
d

u
e 

to
 
la

rg
e
 
p

a
rtic

le
s
 

(7
) 

p
o

o
r 

fla
m

e
 

g
e
o

m
e
try

 

(8
) 

h
ig

h
 

b
a
c
k

g
ro

u
n

d
 
e
m

issio
n

 w
h

ic
h

 
is

 
d

u
e
 
to

 
e
x

te
n

d
e
d

 

re
a
c
tio

n
 

zo
n

e 
an

d
 

e
n

tra
in

m
e
n

t 
o

f 
o

x
y

g
e
n

 
fro

m
 

a
tm

o
sp

h
e
re

. 

L
a
rg

e
 
d

ro
p

le
ts

, 
w

h
ic

h
 
p

a
ss 

th
ro

u
g

h
 
th

e
 

fla
m

e
 

d
o

 
n

o
t 

h
a
v

e
 

th
e
 
o

p
p

o
rtu

n
ity

 
to

 
b

e
 

c
o

m
p

le
te

ly
 

a
to

m
iz

e
d

 
a
n

d
 
e
v

e
n

 
d

ro
p

le
ts

 

c
o

u
ld

 
p

a
ss 

w
ith

o
u

t 
c
o

m
p

le
te

 
v

a
p

o
riz

a
tio

n
. 

T
h

is 
r
e
s
u

lts
 
in

 

v
a
p

o
riz

a
tio

n
 
in

te
rfe

re
n

c
e
 
in

 
a
ll 

th
re

e
 

fla
m

e
 

m
e
th

o
d

s 
a
n

d
 

a 

la
rg

e
 
s
c
a
tte

r
 o

f 
th

e
 
in

c
id

e
n

t b
eam

 
in

 
A

A
 

a
n

d
 

A
F 

(4
2

, 
4

3
). 

In
 

a 
p

re
m

ix
e
d

 
b

u
rn

e
r, 

th
e
 
s
o

lu
tio

n
 
is

 
a
s
p

ira
te

d
 
in

to
 

a 

p
re

m
ix

in
g

 
cha.m

l?er 
b

y
 

m
ean

s 
o

f 
th

e
 
su

p
p

o
rt 

g
a
s
. 

I
t
 
is

 
th

e
n

 

m
ix

e
d

 
w

ith
 
th

e
 

fu
e
l 

an
d

 
so

m
e
tim

e
s 

an
 
a
u

x
ilia

ry
 
o

x
id

iz
in

g
 

a
g

e
n

t 
o

r 
su

p
p

o
rtin

g
 
g

a
s. 

T
h

e 
m

ix
tu

re
 
p

a
s
s
e
s
 

th
ro

u
g

h
 
th

e
 

I 



b
u

rn
e
r 

h
e
a
d

 
a
n

d
 

p
ro

d
u

c
e
s 

a 
la

m
in

a
r 

flo
w

. 
P

re
m

ix
e
d

 
d

e
s
ig

n
s
 

h
a
v

e
 
th

e
 

fo
llo

w
in

g
 

a
d

v
a
n

ta
g

e
s 

o
v

e
r 

th
e
 
to

ta
l 

c
o

m
su

m
p

tio
n

 

b
u

rn
e
r: 

(1
) 

th
e
 

fla
m

e
 
is

 
m

o
re 

ste
a
d

y
 

(2
) 

o
n

ly
 

sm
a
ll 

d
ro

p
le

ts
 
w

ill 
p

a
ss 

th
ro

u
g

h
 
th

e
 

fla
m

e
, 

la
rg

e
 
d

ro
p

le
ts

 
a
re

 
c
o

n
d

e
n

se
d

 
in

 
sp

ra
y

 
c
h

a
m

b
e
rs, 

w
h

ic
h

 
in

 
tu

rn
 

h
a
v

e
 
th

e
 

fo
llo

w
in

g
 

a
d

v
a
n

ta
g

e
s: 

a
. 

re
d

u
c
e
d

 
v

a
p

o
riz

a
tio

n
 
in

te
rfe

re
n

c
e
s
 

b
. 

re
d

u
c
e
d

 
s
c
a
tte

rin
g

 o
f 

th
e
 
in

c
id

e
n

t 
lig

h
t 

so
u

rc
e
 
in

 
A

A
 

a
n

d
 

A
F 

c
. 

th
e
 
a
n

a
ly

tic
a
l 

s
ig

n
a
l 

is
 
le

s
s
 

n
o

isy
 

d
. 

o
p

tic
a
l 

tra
n

sp
a
re

n
c
y

 
o

f 
th

e
 

fla
m

e
 
c
e
ll 

(3
) 

p
o

s
s
ib

ility
 o

f 
h

a
v

in
g

 
d

iffe
re

n
t 

g
e
o

m
e
trie

s 

(4
) 

n
o

 
a
c
o

u
s
tic

 
n

o
is

e
 

(5
) 

lo
w

e
r 

b
a
c
k

g
ro

u
n

d
 
le

v
e
ls

 

2
3

 

In
 
s
p

ite
 
o

f 
th

e
s
e
 

a
d

v
a
n

ta
g

e
s, 

th
e
re

 
a
re

 
so

m
e 

d
is

a
d

v
a
n

-

ta
g

e
s
 
re

la
tiv

e
 
to

 
p

re
m

ix
e
d

 b
u

rn
e
rs

, 
in

c
lu

d
in

g
: 

(1
) 

m
em

o
ry

 
e
ffe

c
t 

(2
) 

h
a
rd

 
to

 
c
le

a
n

 

(3
) 

le
s
s
 

c
h

o
ic

e
 

fo
r 

fu
e
l 

a
n

d
 
o

x
id

a
n

t 
d

u
e
 
to

 
d

a
n

g
e
r 

o
f 

fla
sh

b
a
c
k

 

(4
) 

w
h

en
 
th

e
 
s
o

lu
tio

n
s
 
c
o

n
ta

in
 m

o
re 

th
a
n

 
o

n
e
 

s
o

lv
e
n

t 

th
e
 m

o
re 

v
o

la
tile

 
co

m
p

o
n

en
ts 

a
re

 
d

raw
n

 
to

 
th

e
 

fla
m

e
 

an
d

 
le

s
s
 
v

o
la

tile
 

co
m

p
o

n
en

ts 
a
re

 
d

ra
in

e
d

 
o

ff 

(5
) 

lo
w

 
e
ffic

ie
n

c
y

 o
f 

sa
m

p
le

 
in

tro
d

u
c
tio

n
 
to

 
fla

m
e
 

D
isa

d
v

a
n

ta
g

e
s 

m
e
n

tio
n

e
d

 
a
b

o
v

e
 
a
re

 
n

o
t 

s
e
v

e
re

 
in

 m
an

y
 

m
e
a
su

re
m

e
n

ts 
an

d
 

d
o

 
n

o
t 

lim
it 

th
e
 
u

se
 
o

f 
p

re
m

ix
e
d

 
sy

ste
m

s. 



2
4

 

3
. 

T
y

p
e
s 

o
f 

F
lam

es 

T
h

e
re

 
is

 
a
n

 
en

o
rm

o
u

s 
am

o
u

n
t 

o
f 

lite
r
a
tu

r
e
 

a
b

o
u

t 

th
e
 

fla
m

e
s, 

d
e
a
lin

g
 w

ith
 
ty

p
e
s 

o
f 

fla
m

e
s, 

th
e
ir

 
c
o

m
p

o
sitio

n
, 

a
n

d
 
c
h

a
ra

c
te

ris
tic

s
 

fo
r 

d
iffe

re
n

t 
a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 

m
e
th

o
d

s. 
T

h
e 

p
u

rp
o

se
 
o

f 
th

e
 

fo
llo

w
in

g
 

d
is

c
u

s
s
io

n
 
is

 
to

 
co

m
­

p
a
re 

th
e
 
a
n

a
ly

tic
a
l 

u
tility

 
o

f 
th

e
 

m
o

st 
p

o
p

u
la

r 
fla

m
e
s 

fro
m

 

th
~

 
lite

r
a
tu

r
e
. 

T
h

e 
fu

e
ls

 
an

d
 
o

x
id

a
n

ts 
u

s
u

a
lly

 
u

se
d

 
w

ith
 

A
A

, 

P~l 
a
n

d 
A

F 
a
re

 
a
ir

, o
2

, 
N

2 o, 
c

2 H
2 

an
d

 
H

2
. 

S
o

m
etim

es 
a
n

 
in

e
r
t 

g
a
s
 

su
c
h

 
a
s 

A
r 

o
r N

2 
is

 
u

se
d

 
a
s 

a 
su

p
p

o
rt 

o
r 

s
h

e
a
th

. 

a
. 

H
y

d
ro

g
e
n

-fu
e
le

d
 

fla
m

e
s 

H
2 

fla
m

e
s 

h
a
v

e
 

th
e
 

lo
w

e
st 

fla
m

e
 

e
m

is
s
io

n
 
b

a
c
k

­

g
ro

u
n

d
. 

F
o

r m
any 

fla
m

e
 

s
tu

d
ie

s
 

H
2 -

a
ir

 o
r 

H
2 -o

2 
a
re

 
g

o
o

d
 

c
h

o
ic

e
s
 

a
n

d
 
re

s
u

lt 
in

 
a 

c
o

n
sid

e
ra

b
ly

 
la

rg
e
 
s
ig

n
a
l/n

o
is

e
 
r
a
tio

 

a
n

d
 

lo
w

 
d

e
te

c
tio

n
 
lim

its
. 

H
2
-fu

e
le

d
fla

m
e
s
 

h
a
v

e
 

lo
w

e
r 

te
m

­

p
e
ra

tu
re

s
 

a
s 

co
m

p
ared

 
to

 c
2 H

2 
o

r 
h

y
d

ro
c
a
rb

o
n

 
fla

m
e
s 

in
 
g

e
n

­

e
r
a
l. 

H
2
-
a
ir

 o
r 

H
2 -o

2 
fla

m
e
s 

a
re

 
e
s
p

e
c
ia

lly
 

g
o

o
d

 
in

 
A

E 

a
n

a
ly

s
is

 
o

f 
a
lk

a
li 

m
e
ta

ls 
an

d
 
m

e
ta

ls 
w

h
ic

h
 
a
re

 
e
a
s
ily

 
a
to

m
­

iz
e
d

. 
F

o
r 

so
m

e 
o

f 
th

e
 
le

s
s
 
re

a
d

ily
 

a
to

m
iz

e
d

 
e
le

m
e
n

ts
, 

fu
e
l­

ric
h

 
H

2 -o
2 

fla
m

e
 

c
a
n

 
im

p
ro

v
e 

th
e
 

a
to

m
iz

a
tio

n
 
e
ffic

ie
n

c
y

 
s
ig

­

n
ific

a
n

tly
 

(4
4

). 
F

o
r A

F
, 

H
2 

fla
m

e
s 

seem
 
to

 
b

e
 
th

e
 
b

e
s
t 

fo
r 

m
an

y
 

e
le

m
e
n

ts 
a
n

d
 m

any 
w

o
rk

e
rs 

h
a
v

e
 
p

re
fe

rre
d

 H
2 

fla
m

e
s. 

F
o

r 

so
m

e 
e
le

m
e
n

ts 
w

h
ic

h
 
e
x

h
ib

it 
l
i
t
t
l
e
 
te

n
d

e
n

c
y

 
to

 
fo

rm
 
re

fra
c
­

to
ry

 
o

x
id

e
s
, 

H
2
-e

n
tra

in
e
d

 
a
ir

 
h

a
s 

b
e
e
n

 
sh

o
w

n
 
to

 
b

e
 

a 
g

o
o

d
 

fla
m

e
 

a
n

d
 
lim

its
 
o

f 
d

e
te

c
tio

n
 
o

b
ta

in
e
d

 
a
re

 
le

s
s
 
th

a
n

 
th

a
t 

o
f 

H
2 -o

2 
(4

5
-4

8
). 

H
2
-
a
ir

 
fla

m
e
s 

g
iv

e
 

a 
s
m

a
lle

r 
fla

m
e
 

b
a
c
k

g
ro

u
n

d
 

th
a
n

 
H

2 -o
2 

(4
9

). 
H

2 
fla

m
e
s 

h
a
v

e
 

lim
ite

d
 
re

d
u

c
in

g
 
p

ro
p

e
rtie

s
 



2
5

 

a
n

d
 
re

fra
c
to

ry
 
e
le

m
e
n

ts 
a
re

 
n

o
t 

a
d

e
q

u
a
te

ly
 

a
to

m
iz

e
d

 
(5

0
). 

G
u

tz
le

r 
a
n

d
 

D
en

to
n

 
(5

1
) 

u
se

d
 

a 
p

re
m

ix
e
d

 
H

2
o

2 
fla

m
e
 

c
o

m
b

in
e
d

 

w
ith

 
a
n

 
u

ltra
s
o

n
ic

 
n

e
b

u
liz

e
r 

fo
r 

A
E

. 
T

h
ey

 
h

a
v

e
 

in
d

ic
a
te

d
 

a 

s
u

b
s
ta

n
tia

l 
im

p·ro
v

em
en

t 
in

 
d

e
te

c
tio

n
 
lim

its
 

fo
r 

a 
n

u
m

b
er 

o
f 

e
le

m
e
n

ts 
in

 
c
o

m
p

a
riso

n
 
to

 
th

o
se

 
o

b
ta

in
e
d

 
u

s
in

g
 

N
2
o

-c
2

H
2

, 

o
2

-
c

2
H

2 
o

r 
to

ta
l 

c
o

n
su

m
p

tio
n

 
H

2
-o

2 
fla

m
e
s. 

Z
ach

a 
a
n

d
 

W
in

e
­

fo
rd

n
e
r 

(5
2

) 
u

se
d

 
A

r-H
2 

e
n

tra
in

e
d

 
a
ir

 w
ith

 
a 

to
ta

l 
c
o

n
su

m
p

-

~ 
·o

n
 
b

u
rn

e
r 

fo
r 

d
e
te

rm
in

a
tio

n
 
o

f 
B

a, 
C

a, 
C

o
, 

N
i, 

C
u

, 
G

a, 
T

h
, 

, 
In

, 
C

d
, 

M
g, 

S
r, 

M
n 

an
d

 
C

r 
b

y
 

A
E

. 
T

h
ey

 
h

a
v

e
 
re

p
o

rte
d

 

v
-ry

 
lo

w
 
d

e
te

c
tio

n
 
lim

its
, 

n
e
a
r 

th
e
 

p
p

b
 
ra

n
g

e
, 

fo
r 

th
e
s
e
 

e
le

m
e
n

ts
. 

H
o

w
ev

er, 
m

o
st 

o
f 

th
is

 
w

o
rk

 
h

a
s 

b
e
e
n

 
d

o
n

e
 

o
n

 
m

a
trix

­

fre
e
 

s
ta

n
d

a
rd

s
 

a
n

d
 w

h
en

 
a 

co
m

p
lex

 m
a
trix

 
is

 
u

se
d

 
fo

r 
th

e
 

a
n

a
ly

s
is

, 
i
t
 w

ill 
c
e
rta

in
ly

 
a
ffe

c
t 

th
e
 
d

e
te

c
tio

n
 
lim

its
 
to

 

a 
h

ig
h

 
e
x

te
n

t. 
A

r-H
2 

e
n

tra
in

e
d

 
a
ir

 
is

 
m

u
ch

 
m

o
re 

tra
n

s
p

a
re

n
t 

a
t 

w
a
v

e
le

n
g

th
s 

b
e
lo

w
 

2
0

0
 

nm
 

th
a
n

 
h

y
d

ro
c
a
rb

o
n

 
fla

m
e
s 

a
n

d
 
h

a
s 

fo
u

n
d

 
p

a
rtic

u
la

r 
a
p

p
lic

a
tio

n
 

fo
r 

th
e
 
d

e
te

rm
in

a
tio

n
 
o

f 
A

s 
a
n

d
 

S
e 

(5
3

,5
4

). 
T

h
e 

m
a
jo

r 
d

isa
d

v
a
n

ta
g

e
 
o

f 
H

2 
fla

m
e
s 

is
 
th

e
 

d
a
n

­

g
e
r 

o
f 

e
x

p
lo

s
io

n
, 

e
s
p

e
c
ia

lly
 w

h
en

 
u

se
d

 w
ith

 o
2 

in
 

a 
p

re
m

ix
e
d

 

b
u

rn
e
r. 

b
. 

A
c
e
ty

le
n

e
-fu

e
le

d
 

fla
m

e
s 

A
c
e
ty

le
n

e
-fu

e
le

d
 

fla
m

e
s, 

in
c
lu

d
in

g
 
a
ir

-
c

2
H

2
, 

N
2
o

-c
2

H
2

, 
o

2
-c

2 H
2

, 
an

d
 

som
e 

o
th

e
r 

c
o

m
b

in
a
tio

n
s, 

h
a
v

e
 

b
e
e
n

 

u
se

d
 
in

 
a
ll 

th
re

e
 

m
eth

o
d

s 
(A

A
, 

A
E

, 
an

d
 

A
F) 

m
o

re 
th

a
n

 
a
n

y
 

o
th

e
r 

fu
e
l. 

A
ir-c

2 H
2 

fla
m

e
 

p
ro

v
id

e
s 

s
u

ffic
ie

n
t 

a
to

m
iz

a
tio

n
 

fo
r 

m
an

y
 

e
le

m
e
n

ts 
w

ith
a

-te
m

p
e
ra

tu
re

 
o

f 
a
b

o
u

t 
2

3
0

0
° 

C
. 

T
h

is 

te
m

p
e
ra

tu
re

 
is

 
n

o
t 

s
u

ffic
ie

n
t 

fo
r 

e
ffic

ie
n

t 
a
to

m
iz

a
tio

n
 
o

f 
a 
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la
rg

e
 

n
u

m
b

er 
o

f 
e
le

m
e
n

ts. 
E

le
m

e
n

ts 
th

a
t 

fo
rm

 
s
ta

b
le

 
o

x
id

e
s
 

in
 
th

e
 

fla
m

e
s 

(re
fra

c
to

ry
 

e
le

m
e
n

ts) 
su

c
h

 
a
s 

A
l, 

T
i, 

Z
r, 

S
i, 

V
 
a
n

d
 
B

a
r
e
 
n

o
t 

e
ffic

ie
n

tly
 
a
to

m
iz

e
d

 
a
n

d
 
th

e
re

 
a
re

 
a 

lo
t 

o
f 

in
te

rfe
re

n
c
e
s
. 

F
o

r 
th

e
s
e
 
e
le

m
e
n

ts, 
a 

h
ig

h
e
r 

te
m

p
e
ra

tu
re

 

fla
m

e
 

su
c
h

 
a
s 

o
2 -c

2 H
2 

o
r 

N
2 o-c

2 H
2 

is
 
re

q
u

ire
d

. 
o

2 -
c

2
H

2 
fla

m
e
 

h
a
s
 

a 
te

m
p

e
ra

tu
re

 
a
ro

u
n

d
 

3
0

0
0

° 
C

, 
th

u
s 

i
t
 
is

 
v

e
ry

 
e
f
f
ic

ie
n

t 

in
 
a
to

m
iz

a
tio

n
 o

f 
re

fra
c
to

ry
 
e
le

m
e
n

ts. 
T

h
is 

fla
m

e
 

h
a
s 

b
e
e
n

 

~
 

d 
b

y
 

m
an

y
 
w

o
rk

e
rs 

fo
r 

d
e
te

rm
in

a
tio

n
 
o

f 
re

fra
c
to

ry
 
e
le

-

m
 n

ts 
(5

5
-5

7
). 

T
h

e 
fo

rm
a
tio

n
 
o

f 
re

fra
c
to

ry
 
o

x
id

e
s 

is
 

m
u

ch
 

f
a
s
te

r
 
in

 
fu

e
l-le

a
n

 
th

a
n

 
in

 
fu

e
l-ric

h
 

fla
m

e
s, 

b
e
c
a
u

se
 
fu

e
l­

ric
h

 
fla

m
e
s, 

e
s
p

e
c
ia

lly
 o

2
-c

2
H

2
, 

re
s
u

lt 
in

 
a 

re
d

u
c
in

g
 

a
tm

o
s­

p
h

e
re

 
w

h
ic

h
 
is

 
a 

n
e
c
e
ssa

ry
 
c
o

n
d

itio
n

 
fo

r 
th

e
 
p

ro
d

u
c
tio

n
 
o

f 
a 

la
rg

e
 
p

o
p

u
la

tio
n

 
o

f 
fre

e
 

a
to

m
s 

o
f 

re
fra

c
to

rie
s
 

(5
5

). 
In

 

s
p

ite
 
o

f 
th

e
 

h
ig

h
 
te

m
p

e
ra

tu
re

 
a
d

v
a
n

ta
g

e
 
o

f o
2
-c

2 H
2 

fla
m

e
, 

i
t
 

is
 

v
e
ry

 
d

if
f
ic

u
lt 

to
 

h
a
n

d
le

 
i
t
 w

ith
 

a 
p

re
m

ix
e
d

 b
u

rn
e
r 

sy
ste

m
 

b
e
c
a
u

se
 
o

f 
th

e
 

d
a
n

g
e
r 

o
f 

e
x

p
lo

s
io

n
. 

I
t 

is
 
p

o
s
s
ib

le
 
to

 
u

se
 

b
u

rn
in

g
 
v

e
lo

c
ity

 
a
n

d
 

re
d

u
c
e
 
th

e
 
d

a
n

g
e
r 

o
f 

fla
s
h

b
a
c
k

. 
N

 
0

-
2 

c
2 H

2 
o

ffe
rs

 
a 

fa
v

o
ra

b
le

 
c
h

e
m

ic
a
l 

e
n

v
iro

n
m

e
n

t, 
e
s
p

e
c
ia

lly
 
fo

r 

re
fra

c
to

ry
 
e
le

m
e
n

ts, 
a
n

d
 
i
t
 
is

 
la

rg
e
ly

 
fre

e
 

o
f 

in
te

rfe
re

n
c
e
s
 

(5
8

-6
1

). 
A

ir-c
2 H

2 
p

ro
v

id
e
s 

a 
s
ta

b
le

, 
re

p
ro

d
u

c
ib

le
 

a
n

d
 
s
a
fe

 

fla
m

e
. 

T
h

is 
fla

m
e
 

h
a
s 

b
e
e
n

 
u

se
d

 
in

 
a
ll 

th
re

e
 
te

c
h

n
iq

u
e
s
. 

I
t
 
is

 
s
u

ita
b

le
 

fo
r 

A
E 

o
f 

a
lk

a
li 

m
e
ta

ls 
a
n

d
 

a 
few

 
o

th
e
r 

e
le

­

m
e
n

ts. 
F

o
r 

d
e
te

rm
in

a
tio

n
 
o

f 
m

any 
o

th
e
r 

e
le

m
e
n

ts 
b

y
 
th

e
 

A
E 

te
c
h

n
iq

u
e
, 

a 
h

o
tte

r 
fla

m
e
 

su
c
h

 
a
s o

2 -c
2 H

2 
o

r N
2
o

-c
2 H

2 
is

 

re
q

u
ire

d
. 

S
om

e 
o

f 
th

e
s
e
 

e
le

m
e
n

ts 
a
re

 
C

a, 
B

a
, 

S
r, 

A
l 

a
n

d
 

L
a
. 

In
 

A
A

 
a
ir

-
c

2 H
2 

c
a
n

 
b

e
 
u

se
d

 
fo

r 
d

e
te

rm
in

a
tio

n
 
o

f 
m

o
re 

e
le

m
e
n

ts 
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b
e
c
a
u

se
 
th

e
 

fla
m

e
 
is

 
n

o
t 

u
se

d
 

fo
r 

e
x

c
ita

tio
n

. 
E

le
m

e
n

ts 
su

c
h

 

a
s
 

C
a
, 

C
o

, 
B

a
, 

S
r, 

M
g, 

M
n, 

Z
n

, 
F

e
, 

N
i, 

C
r, 

M
o, 

P
b

, 
C

d
, 

C
u 

a
n

d
 

A
g 

c
a
n

 
b

e
 

a
n

a
ly

z
e
d

 
u

sin
g

 
a
ir-c

2 H
2 

fla
m

e
. 

H
o

w
ev

er, 
a
lk

a
­

lin
e
 
e
a
rth

 
e
le

m
e
n

ts 
m

ay 
s
u

ffe
r 

fro
m

 
c
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s
 

i
n 

a
ir

-
c

2 H
2 

an
d

 
i
t
 
is

 
a
d

v
a
n

ta
g

e
o

u
s 

to
 

u
se

 
N

2
o

-c
2 H

2 
to

 
m

in
i­

m
iz

e 
th

is
 

p
ro

b
le

m
. 

T
h

e
re

 
a
re

 
tw

o
 
o

th
e
r 

g
ro

u
p

s 
o

f 
e
le

m
e
n

ts 

th
a

t 
a
re

 
d

if
f
ic

u
lt 

to
 

m
e
a
su

re
 
w

ith
 
a
ir-C

2 H
2 

fla
m

e
. 

O
n

e 
g

ro
u

p
 

·s 
t
h

e
 
re

fra
c
to

ry
 
o

x
id

e
-fo

rm
in

g
 
e
le

m
e
n

ts 
su

c
h

 
a
s 

th
o

s
e
 
e
le

-

~
n

t
s 

p
re

v
io

u
s
ly

 m
e
n

tio
n

e
d

. 
T

h
e 

se
c
o

n
d

 
g

ro
u

p
 

in
c
lu

d
e
s
 
e
le

­

m
en

ts 
su

c
h

 
a
s 

A
s, 

S
e
, 

S
n

 
o

r 
h

y
d

rid
e
s 

o
f 

A
s, 

S
b

, 
S

e
, 

T
e
, 

G
e 

a
n

d
 
B

i. 
F

o
r 

th
e
s
e
 
e
le

m
e
n

ts, 
w

h
ic

h
 
a
re

 
v

o
la

tiliz
e
d

 a
t 

th
e
 h

ig
h

 

te
m

p
e
ra

tu
re

 
o

f 
N

2 o
-c

2 H
2 

an
d

 
e
v

e
n

 
th

e
 

m
o

d
e
ra

te
 

te
m

p
e
ra

tu
re

 
o

f 

a
ir

-
c

2 H
2

, 
a
ir-H

2 
o

r A
r-H

2 
e
n

tra
in

e
d

 
a
ir

 
fla

m
e
s 

a
re

 
u

s
e
fu

l. 

c
. 

S
e
p

a
ra

te
d

 
fla

m
e
s 

T
o 

d
is

c
u

s
s
 

th
e
 
e
ffe

c
t 

o
f 

s
e
p

a
ra

tio
n

 
o

r 
s
h

ie
ld

in
g

 

o
n

 
fla

m
e
s 

i
t
 
is

 
n

e
c
e
ssa

ry
 
to

 
u

n
d

e
rsta

n
d

 
th

e
 

fla
m

e
 
s
tru

c
tu

re
. 

T
h

e 
s
tru

c
tu

re
 
o

f 
a 

ty
p

ic
a
l 

fla
m

e
 
is

 
sh

o
w

n
 
in

 
F

ig
u

re
 
1

. 
I
t
 

c
o

n
s
is

ts
 
o

f 
d

iffe
re

n
t 

p
a
rts

. 
T

h
e 

p
re

h
e
a
tin

g
 

z
o

n
e
 
is

 
w

h
e
re

 

th
e
 

m
a
in

 
c
o

m
b

u
stio

n
 
re

a
c
tio

n
s
 

ta
k

e
 
p

la
c
e
 

a
n

d
 
th

e
re

 
is

 
n

o
t 

a 

c
o

m
p

le
te

 
th

e
rm

a
l 

a
n

d
 

c
h

e
m

ic
a
l 

e
q

u
ilib

riu
m

. 
S

tro
n

g
 
m

o
le

c
u

la
r 

s
p

e
c
tra

 
su

c
h

 
a
s 

C
N

, 
C

H
, 

c
2

, 
O

H
 

an
d

 
N

H
 

co
m

e 
fro

m
 
th

is
 

re
g

io
n

. 

A
d

ja
c
e
n

t 
to

 
th

e
 
p

rim
a
ry

 
re

a
c
tio

n
 

zo
n

e 
is

 
th

e
 
in

te
rc

o
n

a
l 

z
o

n
e
, 

w
h

ic
h

 
is

.so
m

e
tim

e
s 

c
a
lle

d
 
th

e
 

re
a
c
tio

n
-fre

e
 

z
o

n
e
. 

In
 
th

is
 

z
o

n
e
 
th

e
re

 
is

 
c
o

m
p

le
te

 
th

e
rm

a
l 

an
d

 
c
h

e
m

ic
a
l 

e
q

u
ilib

riu
m

. 
T

h
e 

a
d

v
a
n

ta
g

e
s 

o
f 

th
is

 
re

g
io

n
 
o

f 
th

e
 

fla
m

e
 

a
re

 
th

a
t 

i
t
 
h

a
s 

a 

h
ig

h
e
r 

te
m

p
e
ra

tu
re

 
re

la
tiv

e
 
to

 
o

th
e
r 

z
o

n
e
s, 

i
t
 
is

 
a
lm

o
st 

n
o

n
-



e
n

tra
in

m
e
n

t 

o
f 

a
ir

 

F
ig

u
re

 
l
. 
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S
e
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
 

In
te

rc
o

n
a
l 

z
o

n
e
 

P
rim

a
ry

 
re

a
c
tio

n
 

z
o

n
e
 

P
re

h
e
a
tin

g
 

z
o

n
e
 

S
tru

c
tu

re
o

f 
a 

ty
p

ic
a
l 

fla
m

e
 

lu
m

in
o

u
s, 

a
n

d
 
i
t
 
is

 
tra

n
s
p

a
re

n
t. 

T
h

u
s, 

i
t
 h

a
s 

th
e
 

o
p

tim
u

m
 

c
h

a
ra

c
te

ris
tic

s
 

fo
r 

u
se

 
in

 
a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
y

. 
T

h
e 

th
ic

k
­

n
e
s
s
 
o

f 
th

e
 
in

te
rc

o
n

a
l 

zo
n

e 
d

e
p

e
n

d
s 

o
n

 
v

a
rio

u
s
 

fa
c
to

rs
 

su
c
h

 

a
s
 

th
e
 

g
a
s 

m
ix

tu
re

s
, 

th
e
 
ra

tio
 
o

f 
th

e
 

fu
e
l/o

x
id

a
n

t, 
th

e
 

b
u

rn
e
r 

sy
ste

m
 

a
n

d
 m

an
y

 
o

th
e
r 

fa
c
to

rs
. 

B
y 

in
c
re

a
s
in

g
 
th

e
 

fu
e
l/o

x
id

a
n

t 
ra

tio
 

(fu
e
l-ric

h
), 

th
is

 
re

g
io

n
 

c
a
n

 
b

e
 

e
x

te
n

d
e
d

. 

A
b

o
v

e 
th

is
 

re
g

io
n

 
is

 
th

e
 

se
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
, 

w
h

ic
h

 
is

 

th
e
 
m

a
jo

r 
p

a
rt 

o
f 

th
e
 

fla
m

e
. 

In
 
th

is
 

re
g

io
n

 
th

e
 

c
o

m
p

o
sitio

n
 

o
f 

th
e
 

fla
m

e
 

is
 

a
ffe

c
te

d
 

b
y

 
d

iffu
s
io

n
 
o

f 
th

e
 

s
u

rro
u

n
d

in
g

 

a
tm

o
sp

h
e
re

. 
T

h
e 

m
a
jo

r 
b

a
c
k

g
ro

u
n

d
 
o

f 
th

e
 

fla
m

e
s 

co
m

es 
fro

m
 

th
e
 

se
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
. 

T
h

e 
p

u
rp

o
se

 
o

f 
s
e
p

a
ra

tio
n

 
o

r 
s
h

ie
ld

in
g

 
is

 
to

 
e
lim

in
a
te

 

o
r 

s
h

if
t 

aw
ay

 
th

e
 

se
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
 

a
n

d
 

e
x

te
n

d
 
th

e
 



2
9

 

in
te

rc
o

n
a
l 

z
o

n
e
. 

S
e
p

a
ra

tio
n

 o
f 

th
e
 

z
o

n
e
s 

m
ay

 
b

e
 

a
c
h

ie
v

e
d

 
b

y
 

th
e
 

u
se

 
o

f 
a 

m
e
c
h

a
n

ic
a
l 

s
e
p

a
ra

to
r o

r 
a 

s
h

ie
ld

in
g

 
g

a
s
. 

M
ech

­

a
n

ic
a
l 

s
e
p

a
ra

tio
n

 
is

 
a
c
h

ie
v

e
d

 
b

y
 

su
rro

u
n

d
in

g
 
th

e
 

lo
w

e
r 

p
a
rt 

o
f 

th
e
 

fla
m

e
 
w

ith
 

a 
g

la
s
s
 
o

r 
s
ilic

a
 
tu

b
e
 

(6
2

,6
3

), 
w

ith
 
th

e
 

a
d

v
a
n

ta
g

e
 
th

a
t 

n
o

 
c
o

ld
 
g

a
se

s 
d

ilu
te

 
th

e
 

in
te

rc
o

n
a
l 

fla
m

e
 

m
ix

­

t
u

re
. 

D
e
p

o
sitio

n
 
o

f 
s
o

o
t 

o
n

 
th

e
 

s
id

e
s
 
o

f 
th

e
 
tu

b
e
, 

lim
ite

d
 

l
i
f

e
t

im
e 

o
f 

th
e
 
tu

b
e
, 

lim
ite

d
 
ra

n
g

e
 
o

f 
fu

e
l/o

x
id

a
n

t 
r
a
tio

 

• 
d 

t
h

e
 

p
ro

b
le

m
 o

f 
s
c
a
tte

re
d

 
ra

d
ia

tio
n

 
a
re

 
d

is
a
d

v
a
n

ta
g

e
s
 

o
f 

u
s
in

g 
a 

tu
b

e
 

fo
r 

fla
m

e
 

s
e
p

a
ra

tio
n

 
(3

). 
T

h
e 

u
se

 
o

f 
a
n

 
in

e
r
t 

g
a
s 

i
s 

a
n

 
e
a
sy

 
w

ay
 
o

f 
fla

m
e
 

s
h

e
a
th

in
g

. 
A

 stre
a
m

 o
f 

A
r 

o
r 

N
2 

f
l

o
w

s 
p

a
ra

lle
l 

to
 

th
e
 

fla
m

e
 

a
n

d
 

m
ak

es 
a 

w
a
ll 

o
f 

in
e
r
t 

g
a
s 

a
ro

u
n

d
 
th

e
 

fla
m

e
 
to

 
p

re
v

e
n

t 
e
n

tra
in

m
e
n

t 
o

f 
a
tm

o
sp

h
e
ric

 
g

a
s
e
s
 

in
to

 
th

e
 

fla
m

e
. 

T
h

u
s, 

th
e
 

se
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
 
is

 
s
h

ifte
d

 

aw
ay

 
a
n

d
 
th

e
 

re
g

io
n

 
o

f 
th

e
 

fla
m

e
 

b
e
tw

e
e
n

 
th

e
 

tw
o

 
z
o

n
e
s 

(in
te

rc
o

n
a
l 

zo
n

e) 
is

 
e
x

te
n

d
e
d

. 
A

 s
e
p

a
ra

te
d

 
fla

m
e
 

h
a
s 

m
an

y
 

a
d

v
a
n

ta
g

e
s
, 

in
c
lu

d
in

g
: 

(a) 
d

e
c
re

a
se

 
in

 
th

e
 

b
a
c
k

g
ro

u
n

d
 
e
m

is-

s
io

n
 

u
p

 
to

 
s
e
v

e
ra

l 
o

rd
e
rs

 
o

f m
a
g

n
itu

d
e
, 

b
e
c
a
u

se
 
th

e
 

fla
m

e
 
is

 

s
e
a
le

d
 
o

ff 
fro

m
 
th

e
 

su
rro

u
n

d
in

g
 

a
tm

o
sp

h
e
re

 
(6

3
); 

(b
) 

s
u

p
p

re
s
­

s
io

n
 
o

f 
th

e
 
m

o
le

c
u

la
r 

OH 
b

a
n

d
 
e
m

issio
n

 
(6

4
,6

5
); 

(c) 
e
x

te
n

­

s
io

n
 
o

f 
th

e
 
in

te
rc

o
n

a
l 

zo
n

e 
a
n

d
 
p

re
v

e
n

tio
n

 
o

f 
th

e
 
e
n

tra
in

­

m
e
n

t 
o

f 
a
tm

o
sp

h
e
ric

 
o

x
y

g
e
n

, 
w

h
ic

h
 
re

s
u

lts
 

in
 
h

ig
h

e
r 

s
e
n

s
i­

tiv
ity

 
fo

r 
d

e
te

rm
in

a
tio

n
 
o

f 
e
le

m
e
n

ts 
w

h
ic

h
 

fo
rm

 
re

fra
c
to

ry
 

o
x

id
e
s
. 

T
a
b

le
 

3 sh
o

w
s 

re
la

tiv
e
 

e
m

issio
n

 
a
n

d
 
d

e
te

c
tio

n
 
lim

its
 

o
f 

s
e
v

e
ra

l 
e
le

m
e
n

ts 
w

ith
 

N
2 o-c

2 H
2

, 
N

2
-s

h
e
a
th

e
d

 
N

2 o-c
2 H

2 
a
n

d
 

A
r-sh

e
a
th

e
d

 
N

2 o-c
2 H

2 
fla

m
e
s 

(6
1

); 
(d

) 
d

e
c
re

a
s
e
 
in

 
s
c
a
tte

rin
g

, 

e
s
p

e
c
ia

lly
 
in

 
A

F 
(6

6
); 

(e) 
d

e
c
re

a
se

 
in

 
th

e
 

c
o

n
c
e
n

tra
tio

n
 
o

f 

q
u

e
n

c
h

e
rs, 

th
u

s 
im

p
ro

v
in

g
 
th

e
 

flu
o

re
sc

e
n

c
e
 

in
te

n
s
ity

 
in

 
A

F
, 



3
0

 

s
in

c
e
 

q
u

e
n

c
h

e
rs 

su
c
h

 
a
s 

a
tm

o
sp

h
e
ric

 
n

itro
g

e
n

 
d

e
c
re

a
s
e
 

th
e
 

flu
o

re
s
c
e
n

c
e
 

in
te

n
s
ity

; 
(f) 

a
b

so
rp

tio
n

 
b

y
 
th

e
 

fla
m

e
 
a
t 

w
a
v

e
­

le
n

g
th

s
 

b
e
lo

w
 

2
0

0
 

run 
is

 
m

u
ch

 
le

s
s
 

in
 
th

e
 
s
e
p

a
ra

te
d

 
fla

m
e
. 

T
h

is 
is

 
d

u
e
 

to
 

re
m

o
v

a
l 

o
f 

th
e
 
o

x
id

iz
in

g
 

se
c
o

n
d

a
ry

 
re

a
c
tio

n
 

z
o

n
e
 

a
n

d
 

la
c
k

 
o

f 
o

x
y

g
e
n

 
s
p

e
c
ie

s
 
in

 
th

e
 
in

te
rc

o
n

a
l 

z
o

n
e
 

(6
7

, 

68
)

. 
T

h
e 

re
s
u

lta
n

t 
tra

n
sp

a
re

n
c
y

 
h

a
s 

a
n

 
a
d

v
a
n

ta
g

e
 

in
 
th

e
 

d
e

t
e
rm

in
a
tio

n
 
o

f 
e
le

m
e
n

ts 
su

c
h

 
a
s 

S
e 

an
d

 
A

s 
w

ith
 

m
u

ch
 
h

ig
h

e
r 

-n
s
itiv

ity
. 

M
any 

w
o

rk
e
rs 

h
a
v

e
 

u
se

d
 

s
e
p

a
ra

te
d

 
fla

m
e
s 

fo
r 

m
e
a
su

re
m

e
n

t 

o
f 

e
le

m
e
n

ts
. 

K
irk

b
rig

h
t 

e
t 

a
i. 

(6
3

) 
h

a
v

e
 

d
e
s
c
rib

e
d

 
th

e
 

u
se

 

o
f 

N
2
-s

h
e
a
th

e
d

 H
2
-
a
ir

 
fla

m
e
. 

H
a
rtin

 
e
t 

a
i. 

(6
6

) 
h

a
v

e
 

co
m

­

p
a
re

d
 
th

re
e
 
d

iffe
re

n
t 

b
u

rn
e
r 

sy
ste

m
s, 

a 
tu

rb
u

le
n

t 
(to

ta
l 

c
o

n
su

m
p

tio
n

) 
b

u
rn

e
r, 

a 
p

re
m

ix
e
d

 
a
n

d
 

a 
p

re
m

ix
e
d

 
s
e
p

a
ra

te
d

 

b
u

rn
e
r. 

T
h

ey
 

h
a
v

e
 
re

p
o

rte
d

 
th

a
t 

fo
r 

a
ll 

w
a
v

e
le

n
g

th
s, 

th
e
 

fla
m

e
 

b
a
c
k

g
ro

u
n

d
s o

f th
e
 

p
re

m
ix

e
d

, 
tu

rb
u

le
n

t 
a
n

d
 
s
e
p

a
ra

te
d

 

fla
m

e
s 

a
re

 
in

 
th

e
 

a
p

p
ro

x
im

a
te

 
ra

tio
 
o

f 
1

0
0

:1
0

:l 
fo

r 
e
q

u
a
l 

flu
o

re
s
c
e
n

c
e
 

s
ig

n
a
ls

 
d

e
riv

e
d

 
fro

m
 

a 
1 

ppm
 

Z
n 

s
o

lu
tio

n
. 

T
h

e
se

 
w

o
rk

e
rs 

o
b

ta
in

e
d

 
d

e
te

c
tio

n
 
lim

its
 

fiv
e
 

tim
e
s 

lo
w

e
r 

fo
r 

th
e
 

s
e
p

a
ra

te
d

 
co

m
p

ared
 
to

 
tw

o
 
o

th
e
r 

fla
m

e
s. 

Jo
h

n
so

n
 

a
n

d
 

W
in

e
fo

rd
n

e
r 

(6
9

) 
u

se
d

 
an

 
A

r-sh
e
a
th

e
d

 A
r-o

2 -c
2 H

2 
fla

m
e
 

a
n

d
 

c
o

m
p

a
re

d
 
i
t
 w

ith
 

an
 
A

r-sh
e
a
th

e
d

 
a
ir

-
c

2 H
2 

fo
r 

u
se

 
in

 
A

F
. 

T
h

ey
 

h
a
v

e
 

re
p

o
rte

d
 
a
b

o
u

t 
5

-fo
ld

 
im

p
ro

v
em

en
t 

in
 
th

e
 
d

e
te

c
tio

n
 
lim

its
 

fo
r 

a 
w

id
e
 
v

a
rie

ty
 
o

f 
e
le

m
e
n

ts 
w

h
en

 
A

r-o
2
-c

2
H

2 
is

 
u

se
d

 
in

s
te

a
d

 

o
f 

a
ir

-
c

2 H
2

. 



T
a
b

le
 

3
. 

R
e
la

tiv
e
 

E
m

issio
n

 

E
le

m
e
n

t 
W

avelen.s_th 
(nm

) 
1 

2 
3 

A
l 

3
9

5
.1

5
 

1
0

0
 

87 
1

9
7

 

B
e 

2
3

4
.8

6
 

1
0

0
 

4
1

 
6

2
.5

 

M
o 

3
1

9
.4

0
 

1
0

0
 

61 
1

0
3

 

N
b 

4
0

5
.8

9
 

1
0

0
 

1
2

7
 

3
3

4
 

S
i 

2
5

1
.6

1
 

1
0

0
 

43 
9

6
.5

 

T
i 

3
6

5
.3

5
 

1
0

0
 

1
2

8
 

2
0

6
 

3
9

9
.8

6
 

1
0

0
 

1
3

2
.5

 
2

0
8

 

V
 

4
3

7
.9

2
 

1
0

0
 

1
2

4
 

2
5

4
 

w
 

4
0

0
.8

8
 

1
0

0
 

1
1

7
.5

 
2

3
5

 

Z
r 

3
5

1
.9

6
 

1
0

0
 

72 
1

6
7

 

1
. 

O
rd

in
a
ry

 
N

2 o-c
2

H
2 

fla
m

e
 

2
. 

N
itro

g
e
n

-sh
e
a
th

e
d

 
N

2 o-c
2

H
2 

fla
m

e
 

3
. 

A
rg

o
n

-sh
e
a
th

e
d

 
N

2 o~c
2

H
2 

fla
m

e
 

R
e
fe

re
n

c
e
 

(6
1

). 

D
e
te

c
tio

n
 
L

im
its 

(ppm
) 

1 
2 

3 

0
.4

 
0

.0
4

 
0

.0
2

 

1
.5

 
0

.3
 

0
.1

5
 

20 
0

.5
 

0
.3

 

0
.5

 
0

.0
9

 
0

.0
6

 

60 
1

0
 

6 

7 
1 

0
.5

 

5 
0

.4
 

0
.2

 

2 
0

.0
8

 
0

.0
5

 

1
0

 
0

.8
 

0
.4

 

9 
2 

1
.2

 

w
 

I-' 



c. 
B

u
rn

e
r 

D
e
sig

n
 

R
e
q

u
ire

m
e
n

ts 
fo

r 
a 

b
u

rn
e
r 

fo
r 

th
e
 
d

iffe
re

n
t 

a
to

m
ic

 

s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s 

a
re

 
d

iffe
re

n
t. 

P
re

m
ix

e
d

 
b

u
rn

e
rs

 3
2

 

o
f 

d
if

f
e
r
e
n

t 
d

e
sig

n
 

h
a
v

e
 

b
e
e
n

 
u

se
d

 
fo

r 
c
o

m
m

e
rc

ia
l 

A
A

 
s
p

e
c
­

tro
m

e
te

rs
. 

T
h

e 
b

u
rn

e
r 

b
o

d
y

, 
in

c
lu

d
in

g
 
n

e
b

u
liz

e
r 

a
n

d
 
s
p

ra
y

 

c
h

a
m

b
e
r, 

is
 
b

a
s
ic

a
lly

 
th

e
 

sam
e, 

b
u

t 
d

iffe
re

n
t 

b
u

rn
e
r 

h
e
a
d

 

d 
s

ig
n

s
 

c
a
n

 
b

e
 

fo
u

n
d

 
in

 
th

e
 
lite

r
a
tu

r
e
, 

in
c
lu

d
in

g
 
s
in

g
le

 

c
irc

u
la

r
, 

lo
n

g
 
p

a
th

, 
an

d
 
c
irc

u
la

r 
c
a
p

illa
ry

 
b

u
rn

e
r 

p
o

rts
. 

T
e 

c
irc

u
la

r, 
s
in

g
le

 
p

o
rt 

b
u

rn
e
r h

e
a
d

 
is

 
n

o
t 

s
u

ita
b

le
 
fo

r 

m
ix

tu
re

s
 
o

f 
h

ig
h

 
b

u
rn

in
g

 v
e
lo

c
ity

 
b

e
c
a
u

se
 
o

f 
th

e
 

d
a
n

g
e
r 

o
f 

e
x
p

lo
s
io

n
 

(4
0

). 
L

o
n

g
 
p

a
th

 
b

u
rn

e
r 

h
e
a
d

s 
o

f 
d

iffe
re

n
t 

d
e
s
ig

n
s
 

u
s
u

a
lly

 
h

a
v

e
 

b
e
e
n

 
u

se
d

 
in

 
A

A
. 

A
n 

in
te

re
s
tin

g
 
b

u
rn

e
r 

h
e
a
d

 

d
e
s
ig

n
 
is

 
th

e
 
c
a
p

illa
ry

 
b

u
rn

e
r 

h
e
a
d

, 
w

h
ic

h
 
is

 
a 

v
e
r
s
a
tile

 

d
e
s
ig

n
 

fo
r 

A
E

, 
A

F 
a
n

d
, 

in
 

so
m

e 
c
a
s
e
s
, 

fo
r 

A
A

. 
D

iffe
re

n
t 

b
u

rn
e
r 

h
e
a
d

 
d

e
sig

n
s 

a
re

 
fo

u
n

d
 
in

 
th

e
 
lite

r
a
tu

r
e
 

(7
0

-7
3

). 

U
s
u

a
lly

, 
c
a
p

illa
ry

 
tu

b
e
s 

a
re

 
b

o
n

d
e
d

 
to

g
e
th

e
r 

w
ith

 
a 

h
ig

h
 

te
m

p
e
ra

tu
re

-re
s
is

ta
n

t 
ep

o
x

y
 
re

s
in

 
(7

0
). 

A
 v

e
ry

 
e
v

e
n

 
g

a
s 

flo
w

 

is
 
e
s
ta

b
lis

h
e
d

 
b

e
c
a
u

se
 
o

f 
th

e
 
la

rg
e
 

n
u

m
b

er 
o

f 
c
a
p

illa
ry

 
tu

b
e
s
. 

F
lo

w
 
is

 
v

e
ry

 
s
ta

b
le

 
a
n

d
 

fla
m

e
s 

a
re

 
e
x

tre
m

e
ly

 
la

m
in

a
r 

a
n

d
 

b
y

 

s
u

ita
b

le
 
c
h

o
ic

e
 
o

f 
c
a
p

illa
ry

 
d

ia
m

e
te

r, 
a
ll 

g
a
s 

m
ix

tu
re

s
 

c
a
n

 

b
e
 

u
se

d
 
w

ith
o

u
t 

a
n

y
 
d

a
n

g
e
r 

o
f e

x
p

lo
s
io

n
. 

T
h

e 
b

u
rn

e
r 

sy
ste

m
 u

se
d

 
in

 
FA

E 
an

d
 

FA
A

 
s
tu

d
ie

s
 

a
n

d
 

m
e
a
s­

u
re

m
e
n

ts 
is

 
b

a
se

d
 

o
n

 
th

e
 

d
e
sig

n
 
o

f 
M

a
rtin

 
(7

4
), 

w
h

ic
h

 
h

a
s 

th
e
 

fo
llo

w
in

g
 

c
o

m
p

o
n

e
n

ts: 

S
p

ra
y

 
C

h
am

b
er: 

V
a
ria

n
 
b

u
rn

e
r b

o
w

l 
(0

8
-1

0
0

4
7

-0
0

) 

V
a
ria

n
 

b
u

rn
e
r 

b
o

w
l 

s
le

e
v

e
 

(0
1

-1
0

0
0

8
-0

0
) 

V
a
ria

n
 

sp
ra

y
 

c
h

a
m

b
e
r 

(0
l-1

0
0

2
5

4
-0

0
) 



B
u

rn
e
r 

H
ead

: 

N
e
b

u
liz

e
r: 

C
a
p

illa
ry

 
b

u
rn

e
r 

h
e
a
d

 w
ith

 
s
h

e
a
th

 

c
a
p

illa
rie

s
 

fo
r 

A
E 

m
e
a
su

re
m

e
n

ts 

V
a
ria

n
 

lo
n

g
 
p

a
th

 
b

u
rn

e
r 

fo
r 

A
A

 

m
e
a
su

re
m

e
n

ts 

P
e
rk

in
-E

lm
e
r 

a
d

ju
s
ta

b
le

 
n

e
b

u
liz

e
r 

(3
0

3
-0

3
5

2
) 

T
h

e 
c
o

n
s
tru

c
te

d
 
c
a
p

illa
ry

 
b

u
rn

e
r 

h
e
a
d

 
is

 
sh

o
w

n
 
in

 

3
3

 

F
ig

u
re

 
2

. 
M

o
d

ific
a
tio

n
 
o

f 
th

is
 

b
u

rn
e
r 

fro
m

 
th

e
 
d

e
s
ig

n
 

s
u

g
­

g
e

s
te

d
 

b
y

 
M

a
rtin

 
is

 
th

a
t 

i
t
 h

a
s 

re
m

o
v

a
b

le
 

s
h

e
a
th

 
c
a
p

illa
r
ie

s
 

w
h
ic

h
 

c
a
n

 
b

e
 

a
d

ju
s
te

d
 
to

 
th

e
 
d

e
s
ire

d
 
p

o
s
itio

n
. 

T
h

e 
b

u
rn

e
r 

a
sse

m
b

ly
 
w

ith
 
th

e
 
c
a
p

illa
ry

 
b

u
rn

e
r 

h
e
a
d

 
is

 
sh

o
w

n
 
in

 
F

ig
u

re
 

3
. 

F
o

r 
a 

d
e
ta

ile
d

 
d

is
c
u

s
s
io

n
 
o

f 
th

e
 

d
e
sig

n
 

a
n

d
 
c
o

n
s
tru

c
tio

n
 

o
f 

th
e
 
b

u
rn

e
r 

sy
ste

m
, 

th
e
 

re
a
d

e
r 

is
 
re

fe
rre

d
 
to

 
re

fe
re

n
c
e
 

( 7
4

) . 



.S
e
t 

screw
s 

3
4

 

R
em

ovable 
c
a
p

illa
ry

 

5 b
u

n
d

le
 

rT
'"'T

""T
"""T

'tr-r""T
'""'I~

 

R
em

ovable 
sh

e
a
th

 

c
a
p

illa
rie

s
 

5 c
o

n
c
e
n

tric
 

ro
w

s 

r' ~r
-
-
-

1 
in

ch
 ---1~ 

F
ig

u
re

 
2

. 
S

ch
em

atic 
d

iag
ram

 
o

f 
th

e
 
c
a
p

illa
ry

 
b

u
rn

e
r h

ead
 



B
u

rn
er H

ead 

P
o

sitio
n

 

! 
-O

x
id

an
t 

F
ue

l 
o

r c
2 H

2
) 

' 
_,,,,,--

t 
D

ra
in

 

F
ig

u
re

 
3

. 
D

iag
ram

 o
f 

th
e
 

B
u

rn
er A

ssem
b

ly
 

(7
4

). 

(A
ir

, 
A

r 
o

r 
N

2
) 

.,, 
S

am
p

le 

w
 

U
1 
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C
h

a
p

te
r 

IV
 

In
te

rfe
re

n
c
e
s
 

a
n

d
 
T

h
e
ir 

E
ffe

c
t 

o
n

 
D

iffe
re

n
t 

T
e
c
h

n
iq

u
e
s 

A
ll 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s 

a
re

 
s
u

b
je

c
t 

to
 
d

if
­

fe
r
e
n

t 
ty

p
e
s
 
o

f 
in

te
rfe

re
n

c
e
s
. 

M
o

st 
in

te
rfe

re
n

c
e
s
 

c
a
u

se
 

a
n

 

a.h
t

e
ra

tio
n

 
in

 
p

h
y

s
ic

a
l 

o
r 

c
h

e
m

ic
a
l 

p
ro

c
e
s
s
e
s
 
th

a
t 

c
o

n
tro

l 

e 
p

o
p

u
ia

tio
n

 
o

f 
n

e
u

tra
l 

ato
m

s 
in

 
th

e
 

ato
m

 c
e
ll. 

T
h

e 
n

e
t 

e~
f
e
c
t 

o
f 

in
te

rfe
re

n
c
e
s
 
is

 
th

a
t 

th
e
 
m

e
a
su

re
d

 
c
o

n
c
e
n

tra
tio

n
 

o
f 

a
n

 
e
le

m
e
n

t 
d

iffe
re

s· fro
m

 
th

e
 
re

a
l 

c
o

n
c
e
n

tra
tio

n
. 

T
h

is 

c
a
n

 
c
a
u

se
 
e
ith

e
r p

o
s
itiv

e
 
o

r n
e
g

a
tiv

e
 
e
rro

r 
a
n

d
 
p

o
o

r 
s
e
n

s
i­

tiv
ity

 
in

 
so

m
e 

c
a
s
e
s
. 

In
te

rfe
re

n
c
e
s
 

c
a
n

 b
e
 
c
la

s
s
ifie

d
 
a
s 

b
e
in

g
 
c
h

e
m

ic
a
l, 

p
h

y
s
ic

a
l 

a
n

d
 
s
p

e
c
tra

l. 

A
. 

C
h

e
m

ic
a
l 

In
te

rfe
re

n
c
e
s
 

C
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s
 

m
ay 

b
e 

d
u

e
 
to

 
th

e
 

e
le

m
e
n

t 
its

e
lf

, 

o
r 

to
 
o

th
e
r 

s
p

e
c
ie

s
 

in
 
th

e
 
s
o

lu
tio

n
 
a
n

d
/o

r 
in

 
th

e
 

fla
m

e
 
c
e
ll. 

T
h

e
se

 
ty

p
e
s
 
o

f 
in

te
rfe

re
n

c
e
s
 
o

c
c
u

r d
u

rin
g

 
s
e
v

e
ra

l 
p

ro
c
e
s
s
e
s
 

in
 
th

e
 

fla
m

e
 
c
e
ll 

in
c
lu

d
in

g
 
d

e
s
o

lv
a
tio

n
, 

v
a
p

o
riz

a
tio

n
 

a
n

d
 

a
to

m
iz

a
tio

n
. 

Io
n

iz
a
tio

n
 
o

f 
th

e
 
n

e
u

tra
l 

a
to

m
s 

a
n

d
 
o

th
e
r 

p
ro

c
e
s
s
e
s
 

su
c
h

 
a
s 

re
c
o

m
b

in
a
tio

n
 
o

f 
n

e
u

tra
l 

a
to

m
s 

w
ith

 
o

th
e
r 

s
p

e
c
ie

s
 

a
ls

o
 

a
re

 
c
o

n
sid

e
re

d
 
c
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s
. 

C
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s
 
a
re

 
su

b
d

iv
id

e
d

 
in

to
 
d

iffe
re

n
t 

c
la

s
s
e
s
 

a
s 

fo
llo

w
s
: 

l
. 

Io
n

iz
a
tio

n
 
In

te
rfe

re
n

c
e
s
 

Io
n

iz
a
tio

n
 
in

te
rfe

re
n

c
e
, 

a
s 

d
is

c
u

s
s
e
d

 
in

 
S

e
c
tio

n
 

(III-B
l) 



3
7

 

is
 

d
u

e
 
to

 
th

e
 

e
le

m
e
n

t 
its

e
lf

 
a
n

d
 

d
e
p

e
n

d
s 

o
n

 
fa

c
to

rs
 

su
c
h

 
a
s 

io
n

iz
a
tio

n
 
p

o
te

n
tia

l 
o

f 
th

e
 

e
le

m
e
n

t, 
fla

m
e
 

te
m

p
e
ra

tu
re

, 
a
n

d
 

th
e
 
n

a
tu

re
 
o

f 
th

e
 
o

th
e
r 

e
le

m
e
n

ts 
in

 
th

e
 
s
o

lu
tio

n
. 

Io
n

iz
a
tio

n
 

d
e
c
re

a
s
e
s
 

th
e
 
p

o
p

u
la

tio
n

 
o

f 
n

e
u

tra
l 

a
to

m
s, 

lo
w

e
rin

g
 
th

e
 

s
e
n

­

s
itiv

ity
 
o

f 
th

e
 
m

e
a
su

re
m

e
n

t. 
I
t 

c
a
n

 
b

e
 
m

in
im

iz
e
d

 
b

y
 
u

s
in

g
 

a 

c
o
o

le
r
 

fla
m

e
 
o

r 
b

y
 
th

e
 
a
d

d
itio

n
 
o

f 
an

 
e
a
s
ily

 
io

n
iz

a
b

le
 
e
le

­

m
en

t
. 

D
e
c
re

a
sin

g
 
th

e
 

te
m

p
e
ra

tu
re

 
o

f 
th

e
 

fla
m

e
 
is

 
n

o
t 

a
n

 

.ffe
c
tiv

e
 

w
ay

 
o

f m
in

im
iz

in
g

 
th

is
 

in
te

rfe
re

n
c
e
, 

b
e
c
a
u

se
 
v

a
p

o
r­

~
z
a

t
io

n
, 

d
e
s
o

lv
a
tio

n
 

a
n

d
 
a
to

m
iz

a
tio

n
 
p

ro
c
e
s
s
e
s
 
a
ls

o
 

m
ay

 

d
e
c
re

a
s
e
 

an
d

 
c
a
u

se
 

a 
re

d
u

c
tio

n
 
in

 
th

e
 
to

ta
l 

n
u

m
b

er 
o

f 
n

e
u

tra
l 

a
to

m
s. 

U
su

a
lly

 
e
le

m
e
n

ts 
su

c
h

 
a
s 

K
, 

L
i 

o
r 

C
s, 

w
h

ic
h

 
a
re

 

c
a
lle

d
 
io

n
iz

a
tio

n
 
b

u
ffe

rs
, 

a
re

 
a
d

d
e
d

 
to

 
t~

e
 

s
o

lu
tio

n
 
to

 

s
u

p
p

re
s
s
 

th
e
 
io

n
iz

a
tio

n
 
o

f 
th

e
 

e
le

m
e
n

t 
o

f 
in

te
r
e
s
t. 

2
. 

C
om

pound 
F

o
rm

a
tio

n
 
In

te
rfe

re
n

c
e
 

F
o

rm
a
tio

n
 o

f 
an

y
 

co
m

p
o

u
n

d
 
th

a
t 

p
re

v
e
n

ts
 

th
e
 

a
to

m
iz

a
­

tio
n

 
o

f 
a
n

 
e
le

m
e
n

t 
c
a
n

 
b

e
 

c
o

n
sid

e
re

d
 

a
s 

a 
co

m
p

o
u

n
d

 
fo

rm
a
tio

n
 

in
te

rfe
re

n
c
e
. 

In
 
p

rin
c
ip

le
, 

th
e
re

 
a
re

 
tw

o
 

re
a
so

n
s 

fo
r 

th
e
 

o
c
c
u

rre
n

c
e
 
o

f 
th

is
 

ty
p

e
 
o

f 
in

te
rfe

re
n

c
e
: 

(a) 
co

m
p

o
u

n
d

 
fo

rm
a
­

tio
n

 
o

f 
th

e
 

e
le

m
e
n

t o
f 

in
te

re
s
tw

ith
 
c
a
tio

n
s
 
o

r 
a
n

io
n

s 
in

 
th

e
 

s
o

lu
tio

n
. 

T
h

e
se

 
co

m
p

o
u

n
d

s 
a
re

 
s
ta

b
le

 
o

r 
slo

w
 
to

 
v

a
p

o
riz

e
, 

th
e
re

fo
re

 
th

e
y

 
re

d
u

c
e
 
th

e
 
p

o
p

u
la

tio
n

 
o

f 
n

e
u

tra
l 

a
to

m
s 

in
 
th

e
 

fla
m

e
. 

I
t
 
is

 
a
ls

o
 
c
a
lle

d
 
v

a
p

o
riz

a
tio

n
 
in

te
rfe

re
n

c
e
. 

(b
) 

co
m

­

p
o

u
n

d
 

fo
rm

a
tio

n
 
o

f 
ato

m
s 

o
f 

in
te

re
s
t w

ith
 

a
to

m
s 

a
n

d
 
ra

d
ic

a
ls

 

in
 
th

e
 

fla
m

e
. 

T
h

is 
c
o

n
trib

u
te

s
 
to

 
v

a
p

o
r 

p
h

a
se

 
in

te
rfe

re
n

c
e
s
; 

fo
rm

a
tio

n
s
 
o

f 
o

x
id

e
s
, 

h
y

d
ro

x
id

e
s 

an
d

 
h

y
d

rid
e
s 

a
re

 
c
o

n
s
id

e
re

d
 

a
s 

v
a
p

o
r 

p
h

a
se

 
in

te
rfe

re
n

c
e
s
. 

T
h

e 
e
ffe

c
t 

o
f 

b
o

th
 
in

te
r
f
e
r
­

e
n

c
e
s 

o
n

 
th

e
 m

e
a
su

re
m

e
n

t 
d

e
p

e
n

d
s 

o
n

 
m

any 
fa

c
to

rs
 

in
c
lu

d
in

g
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fla
m

e
 

ty
p

e
 

a
n

d
 
te

m
p

e
ra

tu
re

, 
n

e
b

u
liz

a
tio

n
 
e
ffic

ie
n

c
y

, 
b

u
rn

e
r 

sy
ste

m
 

(to
ta

l 
c
o

n
su

m
p

tio
n

 
o

r p
re

m
ix

e
d

), 
sa

m
p

le
 

c
o

m
p

o
sitio

n
, 

a
n

d
 
o

b
s
e
rv

a
tio

n
 
h

e
ig

h
t. 

T
h

e
re

 
is

 
a
n

 
en

o
rm

o
u

s 
am

o
u

n
t 

o
f 

lite
r
a
tu

r
e
 
c
o

n
c
e
rn

in
g

 

th
e
s
e
 

ty
p

e
s
 
o

f 
in

te
rfe

re
n

c
e
s
 

an
d

 
th

e
ir 

e
lim

in
a
tio

n
. 

A
 w

e
ll­

k
n

ow
n 

e
x

a
m

p
le

 
o

f 
a
n

io
n

 
in

te
rfe

re
n

c
e
s
 
is

 
th

e
 
d

e
p

re
s
s
in

g
 
e
f
f
e
c
t 

o
f 

p
h

o
sp

h
a
te

, 
s
u

lp
h

a
te

 
an

d
 
s
ilic

a
te

 
o

n
 
d

e
te

rm
in

a
tio

n
 
o

f 
C

a
, 

M
~ 

a
n

d
 
S

r 
(7

5
-7

8
). 

T
h

e
se

 
in

te
rfe

re
n

c
e
s
 
a
re

 
d

u
e 

to
 
th

e
 
p

re
s
­

e
ic

e 
o

f 
s
tro

n
g

 m
e
ta

l-a
n

io
n

 
b

o
n

d
s, 

th
e
re

fo
re

 
h

ig
h

 
e
n

e
rg

y
 
is

 

re
q
u

ire
d

 
fo

r 
d

is
s
o

c
ia

tio
n

. 
A

l 
in

te
rfe

re
n

c
e
 

o
n

 
C

a 
a
n

d
 

M
g 

is
 

a
n

 

e
x

a
m

p
le

 
o

f 
c
a
tio

n
 
in

te
rfe

re
n

c
e
. 

T
h

e 
in

te
rfe

re
n

c
e
 
is

 
p

ro
b

a
b

ly
 

d
u

e
 

to
 
th

e
 

fo
rm

a
tio

n
 
o

f 
co

m
p

o
u

n
d

s 
su

c
h

 
a
s 

M
gA

1
2 o

4 
(7

9
), 

w
h

ic
h

 
a
re

 
d

if
f
ic

u
lt 

to
 
d

is
s
o

c
ia

te
. 

E
lim

in
a
tin

g
 
o

r d
e
c
re

a
sin

g
 
th

e
s
e
 

ty
p

e
s 

o
f 

in
te

rfe
re

n
c
e
s
 

c
a
n

 
b

e
 
c
a
rrie

d
 o

u
t 

b
y

 d
iffe

re
n

t 
m

eth
o

d
s 

in
c
lu

d
in

g
 
s
e
le

c
tio

n
 

o
f 

a 
s
u

ita
b

le
 

fla
m

e
 

an
d

 
o

p
tim

iz
e
d

 
fu

e
l/o

x
id

a
n

t 
r
a
tio

, 
th

e
 

a
d

d
itio

n
 
o

f 
re

le
a
s
in

g
 

an
d

 
c
o

m
p

le
x

in
g

 
a
g

e
n

ts
, 

a
n

d
 
m

a
trix

 

m
a
tc

h
in

g
 
m

e
th

o
d

s 
in

 
o

rd
e
r 

to
 

h
a
v

e
 

th
e
 

sam
e 

c
o

n
c
e
n

tra
tio

n
 
o

f 

in
te

rfe
rin

g
 
s
p

e
c
ie

s
 

in
 

sa
m

p
le

s 
an

d
 
s
ta

n
d

a
rd

s
. 

P
h

o
sp

h
a
te

 

in
te

rfe
re

n
c
e
 

o
n

 
C

a 
an

d
 

M
g 

c
a
n

 
b

e
 
e
lm

in
a
te

d
 

b
y

 
th

e
 
a
d

d
itio

n
 

o
f 

o
th

e
r 

e
le

m
e
n

ts 
su

c
h

 
a
s 

S
r, 

B
a 

an
d

 L
a 

(8
0

-8
2

). 
L

a 
e
lim

i­

n
a
te

s
 

th
e
 
e
ffe

c
t 

o
f 

p
h

o
sp

h
a
te

, 
s
u

lp
h

a
te

 
a
n

d
 
s
ilic

a
te

 
o

n
 

a
lk

a
lin

e
 
e
a
rth

 
e
le

m
e
n

ts 
(8

0
). 

ED
TA

 
is

 
so

m
e
tim

e
s 

u
se

d
 

a
s 

a 

c
o

m
p

le
x

in
g

 
a
g

e
n

t 
in

 
th

e
 

m
e
a
su

re
m

e
n

t 
o

f 
C

a 
a
n

d
 M

g. 
S

r 
a
ls

o
 

h
a
s 

b
e
e
n

 
u

se
d

 
a
s 

a 
re

le
a
s
in

g
 
a
g

e
n

t 
to

 
rem

o
v

e 
th

e
 
in

te
r
f
e
r
­

e
n

c
e
s 

in
 d

e
te

rm
in

a
tio

n
 
o

f 
C

a, 
C

u
, 

M
g, 

M
n 

a
n

d
 

Z
n 

in
 
s
o

il 
a
n

d
 

M
g 

in
 

alu
m

in
u

m
 
a
llo

y
s
 

b
y

 A
F 

(8
3

,8
4

). 
T

h
e 

s
ta

n
d

a
rd

 
a
d

d
itio

n
 



3
9

 

m
e
th

o
d

 
is

 
a 

u
s
e
fu

l 
te

c
h

n
iq

u
e
 
in

 
d

e
a
lin

g
 
w

ith
 
c
h

e
m

ic
a
l 

in
te

r
­

fe
re

n
c
e
s
. 

T
h

e m
a
in

 
a
d

v
a
n

ta
g

e
 
o

f 
th

is
 

m
e
th

o
d

 
is

 
th

a
t 

e
x

a
c
t 

m
a
tc

h
in

g
 
o

f 
th

e
 

sa
m

p
le

 
a
n

d
 

"
sta

n
d

a
rd

"
 

s
o

lu
tio

n
s
 
is

 
a
c
h

ie
v

e
d

 

a
u

to
m

a
tic

a
lly

 
(2

). 
S

om
e 

w
o

rk
e
rs, 

h
o

w
e
v

e
r, 

h
a
v

e
 
re

p
o

rte
d

 

th
a
t 

th
e
 

s
ta

n
d

a
rd

 
a
d

d
itio

n
 m

eth
o

d
 
is

 
n

o
t 

a 
re

lia
b

le
 
s
o

lu
tio

n
 

in
 

so
m

e 
c
a
s
e
s
 

(1
2

3
). 

M
a
trix

 
m

a
tc

h
in

g
 
is

 
ra

th
e
r 

in
c
o

n
v

e
n

ie
n

t 

b
e

c
a
u

s
e
 
th

e
 

c
o

n
c
e
n

tra
tio

n
s
 
o

f
-in

te
rfe

rin
g

 
s
p

e
c
ie

s
 

a
re

 
n

o
t 

k
~

o
w

n 
in

 m
an

y
 

sa
m

p
le

s. 
S

e
le

c
tio

n
 o

f 
a 

s
u

ita
b

le
 

fla
m

e
 

a
n

d
 

o
p

tim
iz

in
g

 
th

e
 

fu
e
l/o

x
id

a
n

t 
ra

tio
 
is

 
v

e
ry

 
h

e
lp

fu
l 

in
 
m

in
im

iz
­

in
g

 
t

h
e
 

co
m

p
o

u
n

d
 

fo
rm

a
tio

n
 

in
te

rfe
re

n
c
e
s
. 

F
o

r 
e
x

a
m

p
le

, 
u

se
 

o
f 

N
2 o-c

2
H

2 
fla

m
e
 
w

ith
 
its

 
h

ig
h

 
te

m
p

e
ra

tu
re

, 
s
ig

n
ific

a
n

tly
 

d
e
c
re

a
s
e
s
 

th
e
 
p

h
o

sp
h

a
te

, 
s
u

lp
h

a
te

 
an

d
 
s
ilic

a
te

 
in

te
rfe

re
n

c
e
 

o
n

 
a
lk

a
lin

e
 
e
a
rth

 
e
le

m
e
n

ts. 
T

o
. d

e
c
re

a
se

 
th

e
 

fo
rm

a
tio

n
 
o

f 

o
x

id
e
s
 

a
n

d
 
h

y
d

ro
x

id
e
s, 

h
ig

h
 

te
m

p
e
ra

tu
re

 
fla

m
e
s 

w
ith

 
re

d
u

c
­

in
g

 
a
tm

o
sp

h
e
re

s 
a
re

 
v

e
ry

 u
s
e
fu

l. 

B
. 

S
p

e
c
tra

l 
In

te
rfe

re
n

c
e
s
 

A
ll 

th
re

e
 

m
e
th

o
d

s 
o

f 
a
to

m
ic

 
sp

e
c
tro

sc
o

p
y

 
a
re

 
s
u

b
je

c
te

d
 

to
 
th

is
 

ty
p

e
 
o

f 
in

te
rfe

re
n

c
e
. 

T
h

e 
in

te
rfe

re
n

c
e
 
is

 
d

u
e
 
to

 

th
e
 
ra

d
ia

tio
n

 
b

e
in

g
 
e
m

itte
d

 
o

r 
a
b

so
rb

e
d

 
b

y
 
s
p

e
c
ie

s
 
o

th
e
r 

th
a
n

 
th

e
 
a
n

a
ly

te
. 

I
t
 
c
a
n

 
b

e
 
c
la

s
s
ifie

d
 
a
s
: 

(a) 
e
m

is
s
io

n
 

a
n

d
 
a
b

s
o

rp
tio

n
 

b
y

 
n

o
n

-a
n

a
ly

te
 

a
to

m
s; 

(b
) 

e
m

issio
n

 
o

f 
th

e
 

a
n

a
ly

te
 

(in
 A

A
 

a
n

d
 

A
F

); 
(c) 

e
m

issio
n

 
an

d
 
a
b

s
o

rp
tio

n
 

b
y

 
m

o
le

­

c
u

le
s
; 

(d
) 

lig
h

t 
s
c
a
tte

rin
g

; 
a
n

d
 

(e) 
s
e
lf-a

b
s
o

rp
tio

n
. 

1
. 

E
m

issio
n

 
b

y
 
A

n
a
ly

te
 

a
n

d
 
N

o
n

-a
n

a
ly

te
 

A
to

m
s 

E
m

issio
n

 
b

y
 
n

o
n

-a
n

a
ly

te
 

ato
m

s 
is

 
p

a
rtic

u
la

rly
 

im
p

o
r­

ta
n

t 
in

 
A

E 
w

h
en

 
th

e
 
lin

e
s
 
o

f 
tw

o
 
d

iffe
re

n
t 

e
le

m
e
n

ts 
o

v
e
rla

p
. 



T
h

is 
in

te
rfe

re
n

c
e
 
is

 
d

u
e 

to
 
in

a
b

ility
 o

f 
th

e
 

m
o

n
o

c
h

ro
m

a
to

r 

to
 
re

s
o

lv
e
 

th
e
s
e
 
lin

e
s
. 

I
t
 
is

 
o

n
ly

 p
o

s
s
ib

le
 
to

 
e
lim

in
a
te

 

th
is

 
in

te
rfe

re
n

c
e
 

b
y

 
d

o
in

g
 
th

e
 

m
e
a
su

re
m

e
n

t 
a
t 

a 
d

iffe
re

n
t 

lin
e
, 

s
e
p

a
ra

tin
g

 
th

e
 

s
p

e
c
ie

s
 

fro
m

 
e
a
c
h

 
o

th
e
r b

e
fo

re
 

m
e
a
su

re
­

m
e
n

t 
o

r m
in

im
iz

in
g

 
th

e
 
in

te
rfe

re
n

c
e
 

b
y

 
u

sin
g

 
a 

h
ig

h
 
d

is
p

e
r­

s
io

n 
m

o
n

o
c
h

ro
m

a
to

r 
a
n

d
/o

r 
a 

s
m

a
lle

r 
s
p

e
c
tra

l 
s
l
i
t
 
w

id
th

. 
A

 

lo
t 

o
f 

o
b

se
rv

e
d

 
a
n

d
 
p

re
d

ic
te

d
 
d

ire
c
t 

s
p

e
c
tra

l 
o

v
e
rla

p
s
 

a
re

 

~.s
te

d
 
in

 
"H

an
d

b
o

o
k

 
o

f 
F

lam
e 

S
p

e
c
tro

sc
o

p
y

" 
(8

5
) . 

S
om

e 
ex

am
­

p
. e

s
 

a
re

: 
C

d
, 

2
2

8
.8

0
2

 nm
 

an
d

 
A

s, 
2

2
8

.8
1

2
 run; 

H
g

, 
253. 6

5
2

 
nm

 
a
n

d
 

C
o

, 
2

5
3

.6
4

9
 run; 

an
d

 
F

e
, 

2
7

1
.9

0
3

 nm
 

an
d

 
P

t, 
2

7
1

.9
0

4
 m

a. 
A

r 
lin

e
s
 

em
itte

d
 

fro
m

 
th

e
 

p
la

sm
a
 m

ay 
c
a
u

se
 
s
p

e
c
tra

l 
in

te
rfe

re
n

c
e
 
in

 

so
m

e 
c
a
s
e
s
. 

T
h

is 
is

 
e
s
p

e
c
ia

lly
 

se
v

e
re

 
a
t w

a
v

e
le

n
g

th
s 

a
b

o
v

e
 

4
7

5
 

run, 
w

h
ic

h
 

A
r 

e
x

h
ib

its
 
c
o

n
s
id

e
ra

b
le

 
lin

e
 
b

ro
a
d

e
n

in
g

 
(8

8
). 

S
om

e 
e
x

a
m

p
le

s 
o

f A
r 

in
te

rfe
re

n
c
e
 

a
re

 
L

a
, 

2
9

4
.9

1
0

 
run 

a
n

d
 
A

r, 

3
9

4
.8

9
8

 
run; 

S
c
, 

3
4

6
.7

7
0

 
run 

an
d

 
A

r, 
2

5
6

.7
6

6
 

run; 
a
n

d
 

N
a, 

5
8

8
.9

9
5

 
nm

 
an

d
 

A
r, 

5
8

8
.8

5
9

 
run. 

E
m

issio
n

 
o

f 
th

e
 
a
n

a
ly

te
 

a
n

d
 
n

o
n

-a
n

a
ly

te
 

a
to

m
s 

a
re

 
b

o
th

 

c
o

n
s
id

e
re

d
 

a
s 

s
p

e
c
tra

l 
in

te
rfe

re
n

c
e
s
 
in

 A
A

 
a
n

d
 

A
F

. 
C

o
m

p
le

te
 

c
o

rre
c
tio

n
 
fo

r 
th

e
s
e
 

in
te

rfe
re

n
c
e
s
 

m
ay 

b
e
 

m
ad

e 
th

ro
u

g
h

 
m

o
d

u
­

la
tio

n
 
o

f 
th

e
 

in
c
id

e
n

t 
lig

h
t 

(8
6

,8
7

). 
U

sin
g

 
a 

s
m

a
lle

r 
s
p

e
c
­

tr
a
l 

b
a
n

d
p

a
ss 

c
a
u

se
s 

a 
s
ig

n
ific

a
n

t 
im

p
ro

v
e
m

e
n

t 
in

 
th

is
 

c
a
s
e
. 

2
. 

A
b

so
rp

tio
n

 
b

y
 
N

o
n

-a
n

a
ly

te
 

A
to

m
s 

A
b

so
rp

tio
n

 
b

y
 
th

e
 
n

o
n

-a
n

a
ly

te
 

a
to

m
s 

o
r 

a
b

s
o

rp
tio

n
 

lin
e
 
in

te
rfe

re
n

c
e
 
is

 
sm

a
ll 

in
 

A
A

 
b

e
c
a
u

se
 
o

f 
th

e
 

n
a
rro

w
 w

id
th

 

o
f 

th
e
 
lig

h
t 

so
u

rc
e
. 

T
h

e
re

fo
re

, 
i
f
 
th

e
re

 
is

 
a
n

o
th

e
r 

e
le

-

m
e
n

t 
w

ith
 

an
 

a
b

so
rp

tio
n

 
lin

e
 w

ith
in

 
th

e
 

b
a
n

d
p

a
ss 

o
f 

th
e
 

m
o

n
o

­

c
h

ro
m

a
to

r, 
i
t
 
s
t
i
l
l
 
c
a
n

n
o

t 
a
b

so
rb

. 
H

o
w

ev
er, 

i
f
 
th

e
 
lin

e
s
 



4
1

 

a
re

 
to

o
 

c
lo

s
e
, 

th
e
 
in

te
rfe

re
n

t 
e
le

m
e
n

t 
c
a
n

 
a
b

so
rb

 
th

e
 
ra

d
ia

­

tio
n

 
m

e
a
n

t 
fo

r 
th

e
 
a
n

a
ly

te
 

an
d

 
re

s
u

lt 
in

 
s
e
rio

u
s
 
e
rro

rs
. 

T
h

e 
p

o
s
s
ib

ility
 
o

f 
th

e
 
in

te
rfe

re
n

c
e
 
in

c
re

a
s
e
s
 

w
h

en
 
m

u
ltie

le
­

m
e
n

t 
H

.C
.L

.'s
 
o

r 
d

e
m

o
u

n
ta

b
le

 
H

.C
.L

.'s
 

a
re

 
u

se
d

. 
S

om
e 

e
x

a
m

p
le

s 

o
f 

th
e
s
e
 

ty
p

e
s
 
o

f 
in

te
rfe

re
n

c
e
s
 
a
re

: 
F

e
, 

2
7

1
.9

0
2

 
nm

 
a
n

d
 
P

t, 

2
7

1
.

9
0

4
 

nm
; 

A
l, 

3
0

8
.2

1
5

 
nm

 
a
n

d
 v, 

3
0

8
.2

1
1

 
nm

; 
an

d
 

c
u

, 
3

2
4

.7
4

5
 

n.~ 
a

n
d

 
E

u
, 

3
2

4
.7

5
3

 
nm

 
(8

9
). 

A
 n

u
m

b
er 

o
f w

o
rk

e
rs 

h
a
v

e
 

s
tu

d
ie

d
 

l
is

 
ty

p
e
 
o

f 
in

te
rfe

re
n

c
e
 

(8
9

-9
3

). 
E

lim
in

a
tio

n
 
o

f 
th

is
 

ty
p

e
 

o
: 

in
te

rfe
re

n
c
e
 

d
e
p

e
n

d
s 

o
n

 w
a
v

e
le

n
g

th
 
s
e
p

a
ra

tio
n

 
o

f 
th

e
 

tw
o

 

a
d

ja
c
e
n

t 
lin

e
s
. 

U
sin

g
 ~

a
rro

w
 
b

a
n

d
p

a
ss 

m
ay 

d
e
c
re

a
s
e
 

th
e
 

in
te

rfe
re

n
c
e
, 

b
u

t 
i
t
 
is

 
n

o
t 

e
ffe

c
tiv

e
 
in

 m
o

st 
c
a
s
e
s
 

b
e
c
a
u

se
 

i
t
 
sh

o
u

ld
 

b
e
 

c
o

m
p

a
ra

b
le

 
to

 
th

e
 
s
e
p

a
ra

tio
n

 
b

e
tw

e
e
n

 
tw

o
 
lin

e
s
. 

S
e
v

e
ra

l 
w

o
rk

e
rs 

h
a
v

e
 

u
se

d
 w

a
v

e
le

n
g

th
 m

o
d

u
la

tio
n

 
te

c
h

n
iq

u
e
s
 

(1
3

,9
1

,9
2

). 
R

e
c
e
n

tly
 

K
o

izu
m

i 
(9

4
) 

h
a
s 

re
p

o
rte

d
 
c
o

rre
c
tio

n
 

o
f 

th
is

 
ty

p
e
 
o

f 
in

te
rfe

re
n

c
e
 

b
y

 
Z

eem
an 

A
to

m
ic 

A
b

so
rp

tio
n

 

S
p

e
c
tro

sc
o

p
y

. 
In

 
th

is
 

m
eth

o
d

 
a 

s
tro

n
g

 m
a
g

n
e
tic

 
f
ie

ld
 
is

 

a
p

p
lie

d
 
to

 
th

e
 

sa
m

p
le

 
v

a
p

o
r 

in
 
th

e
 
g

ra
p

h
ite

 
fu

rn
a
c
e
, 

w
h

ic
h

 

c
a
u

s
e
s
 
s
p

littin
g

 o
f 

th
e
 

a
b

s
o

rp
tio

n
 

sp
e
c
tru

m
. 

B
y 

p
a
s
s
in

g
 

a 

p
o

la
riz

e
d

 
lig

h
t 

so
u

rc
e
 
ra

d
ia

tio
n

 
th

ro
u

g
h

 
th

e
 

sa
m

p
le

, 
a 

d
o

u
b

le
 

b
eam

 
sy

ste
m

 
is

 
p

ro
d

u
c
e
d

. 
T

h
e 

d
iffe

re
n

c
e
 
in

 
a
b

s
o

rp
tio

n
 
a
t 

th
e
 

p
e
rp

e
n

d
ic

u
la

r 
an

d
 
p

a
ra

lle
l 

co
m

p
o

n
en

ts 
o

f 
th

e
 
lig

h
t 

s
o

u
rc

e
 
is

 

p
ro

p
o

rtio
n

a
l 

to
 
th

e
 
a
n

a
ly

te
 
c
o

n
c
e
n

tra
tio

n
 
w

ith
o

u
t 

th
e
 
e
f
f
e
c
t 

o
f 

m
o

le
c
u

la
r 

a
b

s
o

rp
tio

n
 
o

r 
lig

h
t 

s
c
a
tte

rin
g

. 
T

h
e 

a
d

v
a
n

ta
g

e
s 

o
f 

th
is

 
te

c
h

n
iq

u
e
 

o
v

e
r 

o
th

e
r m

e
th

o
d

s 
o

f 
b

a
c
k

g
ro

u
n

d
 
c
o

rre
c
­

tio
n

 
a
re

 
p

re
c
is

e
 
c
o

rre
c
tio

n
 
a
t 

e
x

a
c
tly

 
th

e
 

sam
e 

w
a
v

e
le

n
g

th
 

a
n

d
 
th

e
 
p

o
s
s
ib

ility
 
o

f 
c
o

rre
c
tio

n
 
fo

r 
d

ire
c
t 

s
p

e
c
tra

l 
o

v
e
rla

p
 

in
te

rfe
re

n
c
e
s
. 



4
2

 

T
h

e 
p

re
se

n
c
e
 
o

f 
a 

n
o

n
-a

b
so

rb
in

g
 
lin

e
 
c
lo

s
e
 

to
 

th
e
 

a
n

a
­

ly
te

 
lin

e
 
w

h
ic

h
 
is

 
n

o
t 

a
b

so
rb

e
d

 
b

y
 
th

e
 

a
n

a
ly

te
 

a
to

m
s 

c
a
n

 
b

e
 

u
se

d
 

fo
r 

b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
tio

n
, 

p
ro

v
id

in
g

 
th

e
 

b
a
c
k

g
ro

u
n

d
 
is

 

th
e
 

sam
e 

in
 
b

o
th

 
lin

e
s
 

(9
5

). 
T

h
is 

te
c
h

n
iq

u
e
 
re

q
u

ire
s
 

a 

d
o

u
b

le
 

b
eam

 
sp

e
c
tro

m
e
te

r. 
O

ne 
c
h

a
n

n
e
l 

is
 
s
e
t 

to
 
th

e
 
a
n

a
ly

te
 

lin
e 

a
n

d
 
th

e
 
o

th
e
r 

to
 
th

e
 

n
o

n
-a

b
so

rb
e
d

 
lin

e
. 

B
y 

ta
k

in
g

 
th

e
 

r 
t
i

o 
o

r 
th

e
 
d

iffe
re

n
c
e
 

re
sp

o
n

se
 
o

f 
th

e
 

tw
o

 
c
h

a
n

n
e
ls

, 
a 

c
k

g
ro

u
n

d
 
c
o

rre
c
te

d
 
s
ig

n
a
l 

re
s
u

lts
. 

D
u

a
l 

b
eam

 
s
p

e
c
tro

m
e
te

rs
 

c~m
 

a
ls

o
 

b
e
 

u
se

d
 
fo

r 
m

e
a
su

re
m

e
n

t 
o

f 
tw

o
 

e
le

m
e
n

ts 
s
im

u
lta

n
­

e
o

u
s
ly

, 
fo

r 
in

te
rn

a
l 

s
ta

n
d

a
rd

iz
a
tio

n
 m

e
th

o
d

s 
in

 w
h

ic
h

 
th

e
 

n
o

n
­

a
n

a
ly

te
 

c
h

a
n

n
e
l

.is
 
s
e
t 

to
 
th

e
 
in

te
rn

a
l 

s
ta

n
d

a
rd

 w
a
v

e
le

n
g

th
, 

o
r 

fo
r 

c
o

n
tin

u
u

m
 so

u
rc

e
 

b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
tio

n
 
te

c
h

n
iq

u
e
, 

in
 

w
h

ic
h

 
th

e
 

n
o

n
-a

n
a
ly

te
 

c
h

a
n

n
e
l 

is
 
u

se
d

 
fo

r 
th

e
 

c
o

n
tin

u
u

m
 
s
o

u
rc

e
. 

3
. 

M
o

le
c
u

la
r 

E
m

issio
n

 
o

r 
B

ack
g

o
u

n
d

 
E

m
issio

n
 
In

te
rfe

re
n

c
e
 

T
h

is 
ty

p
e
 
o

f 
in

te
rfe

re
n

c
e
 
re

s
u

lts
 

fro
m

 
v

a
rio

u
s
 

m
o

le
c
u

la
r 

s
p

e
c
ie

s
 

p
ro

d
u

c
e
d

 
b

y
 
th

e
 

fla
m

e
 

g
a
s
e
s
, 

su
c
h

 
a
s 

O
H

, 

C
H

, 
N

H
 

a
n

d
 

C
N

, 
o

r m
o

le
c
u

la
r 

s
p

e
c
ie

s
 

fo
rm

ed
 

fro
m

 
th

e
 

c
o

m
p

o
n

e
n

ts 

o
f 

th
e
 
s
o

lu
tio

n
 
in

 
th

e
 

fla
m

e
, 

su
c
h

 
a
s 

o
x

id
e
s 

a
n

d
 
h

y
d

ro
x

id
e
s 

o
f 

so
m

e 
e
le

m
e
n

ts. 
T

h
e 

m
o

le
c
u

la
r 

sp
e
c
tru

m
 
is

 
a 

b
ro

a
d

 
b

a
n

d
 

a
n

d
 
in

te
rfe

re
n

c
e
 
o

c
c
u

rs 
w

h
en

 
i
t
 o

v
e
rla

p
s 

th
e
 
a
n

a
ly

te
 
lin

e
. 

T
h

e 
in

te
rfe

re
n

c
e
 

d
e
p

e
n

d
s 

o
n

 m
an

y
 
fa

c
to

rs
 

su
c
h

 
a
s 

ty
p

e
 
o

f 

fla
m

e
 

g
a
s
e
s
, 

o
x

id
a
n

t/fu
e
l 

r
a
tio

, 
o

b
s
e
rv

a
tio

n
 
h

e
ig

h
t, 

a
n

d
 

sa
m

p
le

 
m

a
trix

. 
T

h
is 

ty
p

e
 
o

f 
in

te
rfe

re
n

c
e
 
is

 
p

a
rtic

u
la

rly
 

im
p

o
rta

n
t 

in
 

A
E 

a
n

d
, 

if
 
i
t
 
is

 
n

o
t 

c
o

rre
c
te

d
, 

s
e
rio

u
s
 
e
rro

rs
 

m
ay 

r
e
s
u

lt. 
I
f
 
th

e
 

fla
m

e
 

b
a
c
k

g
ro

u
n

d
 
is

 
s
ta

b
le

 
in

 
A

E
, 

i
t
 
c
a
n

 

b
e
 

sim
p

ly
 

c
o

m
p

e
n

sa
te

d
 
fo

r 
b

y
 
th

e
 
b

la
n

k
 
s
o

lu
tio

n
. 

I
f
 
th

e
 
b

a
c
k

-



4
3

 

g
ro

u
n

d
 
is

 
n

o
t 

s
ta

b
le

 
o

r 
is

 
d

u
e
 
to

 
sa

m
p

le
 m

a
trix

, 
p

o
s
s
ib

le
 

m
e
th

o
d

s 
in

c
lu

d
e
 
u

sin
g

 
a 

s
m

a
lle

r 
s
p

e
c
tra

l 
b

a
n

d
p

a
ss 

o
r 

a
p

p
ly

-

in
g

 
a 

w
a
v

e
le

n
g

th
 
m

o
d

u
la

tio
n

 
te

c
h

n
iq

u
e
 

(9
6

). 
B

a
c
k

g
ro

u
n

d
 
e
m

is­

s
io

n
 
in

 
A

F 
h

a
s 

th
e
 

sam
e 

e
ffe

c
t 

a
s 

in
 A

E
. 

C
o

m
p

le
te

 
e
lim

in
a
tio

n
 

o
f 

th
e
 

b
a
c
k

g
ro

u
n

d
 

c
a
n

 
b

e
 

a
c
c
o

m
p

lish
e
d

 
in

 
A

A
 

a
n

d
 

A
F 

u
s
in

g
 

l
ig

h
t 

s
o

u
rc

e
 
m

o
d

u
la

tio
n

 
(8

6
,8

7
). 

U
sin

g
 

a 
s
m

a
lle

r 
s
p

e
c
tra

l 

b
u

n
d

p
a
ss 

a
ls

o
 
d

e
c
re

a
s
e
s
 

th
e
 
in

te
rfe

re
n

c
e
 
s
ig

n
ific

a
n

tly
. 

4
. 

M
o

le
c
u

la
r A

b
so

rp
tio

n
 
In

te
rfe

re
n

c
e
 

M
o

le
c
u

la
r 

a
b

s
o

rp
tio

n
 
in

te
rfe

re
n

c
e
, 

w
h

ic
h

 
is

 
so

m
e
tim

e
s 

c
a
lle

d
 
b

a
c
k

g
ro

u
n

d
 
a
b

s
o

rp
tio

n
, 

re
s
u

lts
 

fro
m

 
th

e
 

fo
rm

a
tio

n
 
o

f 

sp
e
c
tr

a
lly

 
a
c
tiv

e
 
m

o
le

c
u

la
r 

s
p

e
c
ie

s
 
in

 
th

e
 

fla
m

e
 

w
h

ic
h

 
a
b

so
rb

 

in
c
id

e
n

t 
lig

h
t. 

T
h

is 
in

te
rfe

re
n

c
e
 
w

ill 
a
ris

e
 
e
s
p

e
c
ia

lly
 w

h
en

 

s
o

lu
tio

n
s
 
o

f 
h

ig
h

 
s
a
lt 

c
o

n
te

n
t 

a
re

 
a
s
p

ira
te

d
 
in

to
 
th

e
 

fla
m

e
. 

T
h

e 
in

te
rfe

re
n

c
e
 
in

 
th

is
 
c
a
s
e
 

d
e
p

e
n

d
s 

o
n

 m
an

y
 
fa

c
to

rs
 

su
c
h

 
a
s 

fla
m

e
 

te
m

p
e
ra

tu
re

, 
w

h
ic

h
 
is

 
d

is
c
u

s
s
e
d

 
in

 
C

h
a
p

te
r 

I
I
I
,B

.l, 

m
a
trix

 
c
o

m
p

o
n

e
n

ts, 
o

b
s
e
rv

a
tio

n
 
h

e
ig

h
t 

a
n

d
 
in

te
n

s
ity

 
o

f 
th

e
 

lig
h

t 
s
o

u
rc

e
. 

T
h

is 
is

 
o

n
e 

o
f 

th
e
 

m
o

st 
s
e
v

e
re

 
a
n

d
 

tro
u

b
le

so
m

e
 

in
te

rfe
re

n
c
e
s
 
in

 
A

A
, 

e
s
p

e
c
ia

lly
 
fo

r 
th

e
 
m

e
a
su

re
m

e
n

t 
o

f 
tra

c
e
 

e
le

m
e
n

ts 
in

 
a 

co
m

p
lex

 m
a
trix

 
(9

7
). 

A
 ty

p
ic

a
l 

e
x

a
m

p
le

 
is

 
th

e
 

in
te

rfe
re

n
c
e
 
o

f 
C

aO
H

 
b

a
n

d
 
in

 
th

e
 
m

e
a
su

re
m

e
n

t 
o

f 
B

a 
w

ith
 

A
A

 
in

 

a
ir

-
c

2
H

2 
a
t 

5
5

3
.6

 
run 

(2
). 

T
h

is 
in

te
rfe

re
n

c
e
 
e
ffe

c
t 

is
 
e
lim

i­

n
a
te

d
 

b
y

 
u

sin
g

 
a 

h
o

t 
fla

m
e
 

su
c
h

 
a
s 

N
2
o

-c
2

H
2

. 
D

iffe
re

n
t 

sc
h

e
m

e
s 

h
a
v

e
 

b
e
e
n

 
d

e
sig

n
e
d

 
fo

r 
c
o

rre
c
tio

n
 
o

f 
m

o
le

c
u

la
r 

a
b

s
o

rp
­

tio
n

 
in

te
rfe

re
n

c
e
s
. 

C
o

n
tin

u
u

m
 
so

u
rc

e
 

b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
tio

n
s
 

in
 
w

h
ic

h
 
th

e
 

a
b

so
rb

a
n

c
e
 

fro
m

 
th

e
 

c
o

n
tin

u
u

m
 
ra

d
ia

tio
n

 
is

 
s
u

b
­

tra
c
te

d
 

fro
m

 
th

e
 

a
b

so
rb

a
n

c
e
 
o

f 
H

.C
.L

. 
c
a
n

 
b

e
 

m
ad

e. 
H

y
d

ro
g

e
n
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o
r 

d
e
u

te
riu

m
 

lam
p

s 
a
re

 
u

s
u

a
lly

 
u

se
d

. 
H

o
w

ev
er, 

th
e
 
ra

d
ia

tio
n

 

in
te

n
s
ity

 
o

f 
th

e
 

c
o

n
tin

u
u

m
 
so

u
rc

e
 
is

 
h

ig
h

e
r 

in
 
th

e
 

U
V

 
re

g
io

n
 

a
n

d
 

lo
w

e
r 

in
 
th

e
 
v

is
ib

le
 

re
g

io
n

 
co

m
p

ared
 
to

 
th

e
 

H
.C

.L
. 

T
h

u
s 

th
e
re

 
is

 
th

e
 

p
ro

b
le

m
 o

f 
b

a
la

n
c
in

g
 
e
n

e
rg

y
 
b

e
tw

e
e
n

 
th

e
 

tw
o

 

lig
h

t 
s
o

u
rc

e
s
, 

w
h

ic
h

 m
ak

es 
th

e
 
d

e
te

rm
in

a
tio

n
 
o

f 
e
le

m
e
n

ts 
in

 

th
e
 
v

is
ib

le
 

re
g

io
n

 
d

if
f
ic

u
lt 

(1
0

1
). 

M
o

st 
c
o

m
m

e
rc

ia
l 

e
q

u
ip

 

e
n

t 
is

 
e
q

u
ip

p
e
d

 w
ith

 
th

is
 

ty
p

e
 
o

f b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
to

r. 

Z
em

a
n

 
e
ffe

c
t 

fo
r 

b
a
c
k

g
ro

u
n

d
 
c
o

rre
c
tio

n
 
is

 
o

n
e
 
o

f 
th

e
 

m
o

st 

u
cl~

fu
l 

m
e
th

o
d

s 
w

h
ic

h
 

h
a
s 

b
e
e
n

 
a
p

p
lie

d
 

fo
r 

th
is

 
ty

p
e
 
o

f 
in

te
r
­

fe
re

n
c
e
 

(9
8

,9
9

). 
W

a
v

e
le

n
g

th
 
m

o
d

u
la

tio
n

 
(1

3
,9

1
,9

2
) 

a
n

d
 

n
o

n
­

a
b

s
o

rb
in

g
 
lin

e
 
m

e
th

o
d

s 
a
re

 
o

th
e
r 

a
p

p
ro

a
c
h

e
s 

fo
r 

c
o

rre
c
tio

n
 

o
f 

m
o

le
c
u

la
r 

a
b

s
o

rp
tio

n
 
in

te
rfe

re
n

c
e
. 

S
e
v

e
ra

l 
o

th
e
r 

m
e
th

o
d

s, 

in
c
lu

d
in

g
 

te
m

p
e
ra

tu
re

 
c
o

n
tro

l 
b

y
 
c
h

a
n

g
in

g
 
th

e
 

fu
e
l/o

x
id

a
n

t 

r
a
tio

, 
u

se
 
o

f 
a 

fla
m

e
 
w

ith
 
le

s
s
 

b
a
c
k

g
ro

u
n

d
 
a
b

s
o

rp
tio

n
, 

u
se

 

o
f 

a 
s
e
p

a
ra

te
d

 
fla

m
e
, 

m
a
trix

 m
o

d
ific

a
tio

n
 

(
i.e

., 
a
d

d
itio

n
 
o

f 

so
m

e 
co

m
p

o
u

n
d

s 
to

 
th

e
 
s
o

lu
tio

n
 
in

 
o

rd
e
r 

to
 
d

e
c
re

a
s
e
 
m

o
le

c
u

la
r 

s
p

e
c
ie

s
), 

a
n

d
 
m

a
trix

 m
a
tc

h
in

g
 

(
i.e

., 
m

ak
e 

th
e
 

s
ta

n
d

a
rd

s
 

h
a
v

e
 

th
e
 

sam
e 

m
a
trix

 
a
s 

th
e
 

sa
m

p
le

s, 
e
x

c
lu

d
in

g
 
th

e
 

e
le

m
e
n

t 
o

f 

in
te

r
e
s
t)

, 
h

a
v

e
 
a
ll 

b
e
e
n

 
u

se
d

 
fo

r 
c
o

rre
c
tio

n
 
o

f 
th

is
 

ty
p

e
 
o

f 

in
te

rfe
re

n
c
e
. 

F
ry

 
e
t 

a
i. 

h
a
v

e
 
re

p
o

rte
d

 
th

a
t 

th
e
 
m

o
le

c
u

la
r 

b
a
n

d
 
s
p

e
c
tra

 
d

u
e 

to
 
u

n
d

is
s
o

c
ia

te
d

 
in

o
rg

a
n

ic
 
p

o
ly

a
to

m
ic

 
s
p

e
c
ie

s
 

w
ith

 
a 

p
re

m
ix

e
d

 
b

u
rn

e
r 

is
 

a
p

p
ro

x
im

a
te

ly
 

1
5

0
 

tim
e
s 

le
s
s
 

th
a
n

 

lo
n

g
 
p

a
th

 
to

ta
l 

c
o

n
su

m
p

tio
n

 
b

u
rn

e
r 

(9
7

,1
0

0
). 

B
a
c
k

g
ro

u
n

d
 

a
b

s
o

rp
tio

n
 
in

 A
F 

is
 
n

o
t 

a
s 

s
ig

n
ific

a
n

t 
a
s 

i
t
 
is

 
in

 A
A

, 
th

e
 

e
f
f
e
c
t 

o
f 

w
h

ic
h

 
is

 
a
tte

n
u

a
tio

n
 
o

f 
th

e
 

so
u

rc
e
 
in

te
n

s
ity

(2
). 
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5
. 

L
ig

h
t 

s
c
a
tte

rin
g

 

T
h

is 
s
p

e
c
tra

l 
~

n
te

rfe
re

n
c
e
 
is

 
d

u
e
 

to
 
s
c
a
tte

r
 o

f 

in
c
id

e
n

t 
ra

d
ia

tio
n

 
b

y
 
s
o

lv
e
n

t 
d

ro
p

le
ts

 
a
n

d
 
s
o

lu
te

 
p

a
r
tic

le
s
. 

I
t
 

d
e
p

e
n

d
s 

o
n

 
m

any 
fa

c
to

rs
 

su
c
h

 
a
s 

th
e
 

sa
m

p
le

 
n

a
tu

re
, 

w
a
v

e
­

le
n

g
th

, 
fla

m
e
 

an
d

 
n

e
b

u
liz

e
r. 

S
o

lu
tio

n
s
 
o

f 
h

ig
h

 
s
a
lt 

c
o

n
te

n
t 

p
ro

d
u

c
e
 

a 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
 
o

f m
o

le
c
u

la
r 

s
p

e
c
ie

s
 
in

 
th

e
 

f
l

am
e 

w
h

ic
h

 
c
a
u

se
 

a
n

 
in

c
re

a
s
e
 
in

 
s
c
a
tte

r. 
A

ny 
fa

c
to

r 
th

a
t 

r
.d

u
c
e
s 

th
e
 
p

a
rtic

le
 
s
iz

e
 

an
d

 
in

c
re

a
s
e
s
 

th
e
 
v

a
p

o
riz

a
tio

n
 

e
f
f

i
c
ie

n
c
y

 
c
a
n

 
b

e
 

a
p

p
lie

d
 
to

 
m

in
im

iz
e
 
s
c
a
tte

r. 
In

 
A

A
, 

s
c
a
t­

te
r
in

g
 
re

s
u

lts
 

in
 

a 
p

o
s
itiv

e
 
e
ffe

c
t o

n
 
th

e
 
a
n

a
ly

tic
a
l 

s
ig

n
a
l. 

C
o

rre
c
tio

n
 
fo

r 
lig

h
t 

s
c
a
tte

r 
in

 A
A

 
m

ay 
b

e
 

m
ad

e 
b

y
 
th

e
 
u

s
e
 
o

f 

a 
c
o

n
tin

u
u

m
 so

u
rc

e
 

(1
0

2
). 

T
h

e 
e
ffe

c
t 

o
f 

s
c
a
tte

re
d

 
lig

h
t 

is
 

p
a
~

tic
u

la
rly

 
im

p
o

rta
n

t 
in

 A
F

, 
e
s
p

e
c
ia

lly
 w

h
en

 
a 

c
o

n
tin

u
u

m
 

s
o

u
rc

e
 
is

 
u

se
d

 
a
s 

th
e
 
e
x

c
ita

tio
n

 
so

u
rc

e
. 

T
h

e 
in

te
rfe

re
n

c
e
 

is
 
e
lim

in
a
te

d
 
in

 A
F 

w
h

en
 
n

o
n

-re
so

n
a
n

c
e
 

flu
o

re
s
c
e
n

c
e
 

w
a
v

e
­

le
n

g
th

s
 

a
re

 
u

se
d

 
fo

r 
m

e
a
su

re
m

e
n

t. 
C

o
rre

c
tio

n
 
fo

r 
s
c
a
tte

re
d

 

ra
d

ia
tio

n
 
in

 
A

F 
m

ay 
b

e
 

m
ade 

b
y

 
w

a
v

e
le

n
g

th
 
m

o
d

u
la

tio
n

 
(1

0
3

). 

6
. 

S
e
lf A

b
so

rp
tio

n
 

an
d

 
Q

u
e
n

c
h

in
g

 

T
h

e
se

 
ty

p
e
s 

o
f 

in
te

rfe
re

n
c
e
s
 
a
ris

e
 

fro
m

 
re

a
b

s
o

rp
tio

n
 

o
f 

ra
d

ia
tio

n
 
e
m

itte
d

 
fro

m
 
th

e
 

e
le

m
e
n

t 
b

y
 
o

th
e
r 

u
n

e
x

c
ite

d
 

a
to

m
s 

o
r m

o
le

c
u

le
s 

p
re

s
e
n

t 
in

 
th

e
 
c
o

o
le

r 
p

a
rt 

o
f 

th
e
 

fla
m

e
. 

T
h

e 
e
ffe

c
t 

o
f 

th
e
 
in

te
rfe

re
n

c
e
 
is

 
a 

d
e
c
re

a
se

 
in

 
e
m

issio
n

 

in
te

n
s
ity

. 
T

h
e 

e
x

te
n

t 
o

f 
ra

d
ia

tio
n

 
lo

s
s
 

b
y

 
s
e
lf

 
a
b

s
o

rp
tio

n
 

is
 
h

ig
h

ly
 
c
o

n
c
e
n

tra
tio

n
-d

e
p

e
n

d
e
n

t. 
S

e
lf 

a
b

s
o

rp
tio

n
 
is

 
im

p
o

r­

ta
n

t 
in

 
A

E 
a
n

d
 

A
F 

an
d

 
c
a
u

se
s 

c
u

rv
a
tu

re
 

o
f 

c
a
lib

ra
tio

n
 

c
u

rv
e
s
 
a
t 

h
ig

h
 
c
o

n
c
e
n

tra
tio

n
s
. 

T
h

e 
e
ffe

c
t 

is
 

m
u

ch
 
le

s
s
 



4
6

 

im
p

o
rta

n
t 

in
 

A
A

 
b

e
c
a
u

se
 
i
t
 
is

 
n

o
t 

an
 

e
m

issio
n

 
te

c
h

n
iq

u
e
. 

Q
u

e
n

c
h

in
g

 
is

 
th

e
. re

s
u

lt 
o

f 
c
o

llis
io

n
a
l 

d
e
a
c
tiv

a
tio

n
 
o

f 
th

e
 

e
x

c
ite

d
 
a
to

m
ic

 
s
p

e
c
ie

s
 
w

ith
 
o

th
e
r 

s
p

e
c
ie

s
 
p

re
s
e
n

t 
in

 
th

e
 

fla
m

e
; 

th
e
 
e
ffe

c
t 

o
f w

h
ic

h
 
is

 
im

p
o

rta
n

t 
in

 
A

F
. 

Q
u

e
n

c
h

in
g

 

d
o

e
s 

n
o

t 
a
ffe

c
t 

s
ig

n
ific

a
n

tly
 A

E 
a
n

d
 A

A
 

m
e
th

o
d

s. 

T
h

e
se

 
in

te
rfe

re
n

c
e
s
 

c
a
n

 
b

e
 

m
in

im
iz

e
d

 
b

y
 
d

ilu
tio

n
 
o

f 
th

e
 

sam
p

le
s
 

a
n

d
 
e
lim

in
a
tio

n
 
o

f m
o

le
c
u

la
r 

s
p

e
c
ie

s
 

su
c
h

 
a
s o

2 
fro

m
 

le
 

fla
m

e
 

su
rro

u
n

d
in

g
s, 

b
y

 
s
h

ie
ld

in
g

 
th

e
 

fla
m

e
 
w

ith
 

a
n

 
in

e
r
t 

g 
S

o 

C
. 

P
h

y
s
ic

a
l 

In
te

rfe
re

n
c
e
s
 

P
h

y
s
ic

a
l 

in
te

rfe
re

n
c
e
s
 

d
e
p

e
n

d
 
o

n
 
p

h
y

s
ic

a
l 

p
ro

p
e
rtie

s
 
o

f 

th
e
 

sam
p

le ~
u

c
h

 
a
s 

v
is

c
o

s
ity

, 
s
u

rfa
c
e
 
te

n
s
io

n
, 

v
a
p

o
r 

p
re

s
s
u

re
 

a
n

d
 
d

e
n

s
ity

) 
a
n

d
 
c
h

a
ra

c
te

ris
tic

s
 
o

f 
th

e
 
n

e
b

u
liz

e
r. 

T
h

e
se

 

fa
c
to

rs
 

a
ffe

c
t 

th
e
 
a
s
p

ira
tio

n
 
ra

te
, 

n
e
b

u
liz

a
tio

n
 

a
n

d
 
v

a
p

o
ri­

z
a
tio

n
 
e
ffic

ie
n

c
y

. 
T

h
e 

in
te

rfe
re

n
c
e
 
w

ill 
o

c
c
u

r w
h

en
 
th

e
s
e
 

fa
c
to

rs
 

v
a
ry

 
b

e
tw

e
e
n

 
sa

m
p

le
s 

a
n

d
 
s
ta

n
d

a
rd

s
, 

a
n

d
 
r
e
s
u

lts
 
in

 

v
a
ria

tio
n

 
o

f 
th

e
 
fra

c
tio

n
 
o

f 
th

e
 

sa
m

p
le

 
p

re
s
e
n

t 
in

 
th

e
 

fla
m

e
 

a
s 

n
e
u

tra
l 

ato
m

s 
p

e
r u

n
it 

tim
e
. 

N
e
b

u
liz

e
r 

c
h

a
r
a
c
te

r
is

tic
s
, 

a
s 

lo
n

g
 

a
s 

th
e
y

 
a
c
t 

th
e
 

sam
e 

o
n

 
sa

m
p

le
s 

a
n

d
 
s
ta

n
d

a
rd

s
, 

d
o

 
n

o
t 

c
o

n
trib

u
te

 
to

 
p

h
y

s
ic

a
l 

in
te

rfe
re

n
c
e
s
. 

E
ffic

ie
n

t 
n

e
b

u
liz

e
rs

 

w
h

ic
h

 
p

ro
d

u
c
e
 

a 
fin

e
 

a
e
ro

s
o

l 
o

f 
v

e
ry

 
sm

a
ll 

a
n

d
 
u

n
ifo

rm
 d

ro
p

­

le
t 

s
iz

e
 

im
p

ro
v

e
 
th

e
 

w
h

o
le 

p
ro

c
e
ss 

o
f 

a
to

m
iz

a
tio

n
 

a
n

d
 

d
e
c
re

a
s
e
 

so
m

e 
o

f 
th

e
 
in

te
rfe

re
n

c
e
s
. 

T
h

e 
flo

w
 
ra

te
 
o

f 
th

e
 
s
o

lu
tio

n
 

in
to

 
th

e
 
n

e
b

u
liz

e
r 

d
e
p

e
n

d
s 

u
p

o
n

 
th

e
 
s
o

lu
tio

n
 
v

is
c
o

s
ity

, 
a
n

d
 

p
a
r
tic

le
 
s
iz

e
 

d
e
p

e
n

d
s 

o
n

 
th

e
 

s
u

rfa
c
e
 
te

n
s
io

n
. 

S
o

 
th

e
 
v

is
­

c
o

s
ity

 
a
n

d
 
s
u

rfa
c
e
 
te

n
s
io

n
 
o

f 
th

e
 

sa
m

p
le

s 
a
n

d
 
s
ta

n
d

a
rd

s
 

m
u

st 
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b
e
 
th

e
 

sa
m

e
. 

T
h

e
re

 
a
re

 
d

iffe
re

n
t 

w
ay

s 
to

 
e
lim

in
a
te

 
p

h
y

s
ic

a
l 

in
te

r
­

fe
re

n
c
e
s
. 

I
f
 

sa
m

p
le

s 
w

ith
 
h

ig
h

 
s
a
lt 

c
o

n
te

n
t 

h
a
v

e
 

to
 

b
e
 

m
e
a
su

re
d

, 
u

ltra
s
o

n
ic

 
n

e
b

u
liz

e
rs

 
a
re

 
v

e
ry

 
h

e
lp

fu
l 

in
 
p

re
v

e
n

t­

in
g

 
b

u
rn

e
r 

c
lo

g
g

in
g

 
an

d
 

m
em

ory 
e
ffe

c
t 

(1
0

4
). 

U
se 

o
f 

o
rg

a
n

ic
 

s
o

lv
e
n

t 
w

ith
 

sa
m

p
le

s 
an

d
 

s
ta

n
d

a
rd

s
 

im
p

ro
v

e
s 

th
e
 
a
s
p

ira
tio

n
 

:c-•te
, 

d
e
c
re

a
s
e
s
 

th
e
 
d

ro
p

le
t 

s
iz

e
 

an
d

 
im

p
ro

v
e
s 

th
e
 
v

a
p

o
riz

a
-

.·-
·, 

n 
p

ro
c
e
s
s
. 

O
th

e
r m

e
th

o
d

s 
o

f m
im

in
iz

in
g

 
p

h
y

s
ic

a
l 

in
te

r
-

f 
~en

c
e
s 

a
re

: 
s
ta

n
d

a
rd

 
a
d

d
itio

n
, 

in
te

rn
a
l 

s
ta

n
d

a
rd

iz
a
tio

n
, 

a
n

d
 
d

ilu
tio

n
 
te

c
h

n
iq

u
e
s
. 



C
h

a
p

te
r V

. 

O
p

tim
iz

a
tio

n
 
o

f 
P

a
ra

m
e
te

rs 
in

 

F
lam

e 
A

to
m

ic 
S

p
e
c
tro

sc
o

p
ic

 
T

e
c
h

n
iq

u
e
s 

A
o 

In
tro

d
u

c
tio

n
 

4
8

 

T
h

e
re

 
a
re

 
m

an
y

 
fa

c
to

rs
 

in
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
m

e
th

o
d

s 

w
h

ic
h

 
re

q
u

ire
 
o

p
tim

iz
a
tio

n
. 

O
p

tim
iz

a
tio

n
 
c
o

n
s
is

ts
 
o

f 
th

e
 

s
e
le

c
tio

n
 
o

f 
v

a
lu

e
s 

o
f 

p
a
ra

m
e
te

rs 
in

 
o

rd
e
r 

to
 
o

b
ta

in
 
th

e
 

b
a
s
t 

s
ig

n
a
l-to

-n
o

is
e
 
ra

tio
 

(S
/N

). 
M

axim
um

 
S

/N
 
r
a
tio

 
r
e
s
u

lts
 

in
 
h

ig
h

 
p

re
c
is

io
n

 
a
n

d
 

lo
w

 
d

e
te

c
tio

n
 
lim

its
. 

F
a
c
to

rs
 

in
flu

e
n

c
in

g
 
th

e
 
s
ig

n
a
l 

an
d

 
n

o
is

e
 

c
a
n

 
b

e
 
d

iv
id

e
d

 

in
to

 
in

s
tru

m
e
n

ta
l 

p
a
ra

m
e
te

rs 
a
n

d
 
in

te
rfe

re
n

c
e
s
. 

D
iffe

re
n

t 

ty
p

e
s
 
o

f 
in

te
rfe

re
n

c
e
s
 

h
a
v

e
 

b
e
e
n

 
d

is
c
u

s
s
e
d

 
a
lre

a
d

y
 

a
n

d
 
o

n
ly

 

th
e
 

in
s
tru

m
e
n

ta
l 

p
a
ra

m
e
te

rs 
w

ill 
b

e
 
c
o

n
sid

e
re

d
 
h

e
re

. 
B

e
fo

re
 

d
is

c
u

s
s
in

g
 
th

e
 

im
p

o
rta

n
t 

p
a
ra

m
e
te

rs 
in

 
o

p
tim

iz
a
tio

n
, 

i
t
 
is

 

n
e
c
e
s
s
a
ry

 
to

 
d

e
fin

e
 
d

iffe
re

n
t 

so
u

rc
e
s 

o
f 

in
s
tru

m
e
n

ta
l 

n
o

is
e
. 

1
. 

W
h

ite
 
n

o
is

e
: 

h
a
s 

th
e
 

sam
e 

p
o

w
er 

d
e
n

s
ity

 
a
t 

a
ll 

fre
q

u
e
n

c
ie

s
. 

E
x

am
p

les 
a
re

 
th

e
 

PM
T 

s
h

o
t 

n
o

is
e
 

w
h

ic
h

 
r
e
s
u

lts
 

fro
m

 
th

e
 

ran
d

o
m

 
a
rriv

a
l 

o
f 

p
h

o
to

n
s 

a
t 

th
e
 

p
h

o
to

c
a
th

o
d

e
, 

a
n

d
 

Jo
h

n
so

n
 
n

o
is

e
 
o

r 
th

e
rm

a
l 

n
o

is
e
, 

w
h

ic
h

 
is

 
re

la
te

d
 
to

 
th

e
 

e
le

c
tro

n
ic

s
. 

2
. 

F
lic

k
e
r n

o
is

e
: 

so
m

e
tim

e
s 

c
a
lle

d
 d

r
if

t 
n

o
is

e
 
o

r 
1

/f
 

n
o

is
e
. 

I
t
 
h

a
s 

a 
h

ig
h

 
p

o
w

er 
d

e
n

s
ity

 
a
t 

lo
w

 
fre

q
u

e
n

c
ie

s
. 

T
h

is 

ty
p

e
 
o

f 
n

o
is

e
 
is

 
com

m
on 

in
 
a
m

p
lifie

rs
 

an
d

 
ra

d
ia

tio
n

 
s
o

u
rc

e
s
. 



4
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3
. 

In
te

rfe
re

n
c
e
 
n

o
is

e
: 

th
is

 
ty

p
e
 
o

f 
n

o
is

e
 
is

 
d

u
e
 
to

 

p
ic

k
u

p
 
o

f 
s
ig

n
a
ls

 
fro

m
 
th

e
 
e
n

v
iro

n
m

e
n

t 
an

d
 
o

c
c
u

rs 
a
t d

is
­

c
re

te
 

fre
q

u
e
n

c
ie

s
. 

T
h

e
se

 
ty

p
e
s 

o
f 

n
o

ise
s 

c
a
n

 
b

e
 
d

is
c
rim

in
a
te

d
 
a
g

a
in

s
t 

b
y

 

p
e
rfo

rm
in

g
 
th

e
 

m
e
a
su

re
m

e
n

ts 
a
t 

fre
q

u
e
n

c
ie

s 
w

h
ere 

th
e
re

 
is

 

l
i
t
t
le

 
in

te
rfe

rin
g

.n
o

is
e
. 

B
. 

E
x

p
e
rim

e
n

ta
l 

P
a
ra

m
e
te

rs 

T
h

e 
m

o
st 

im
p

o
rta

n
t 

e
x

p
e
rim

e
n

ta
l 

p
a
ra

m
e
te

rs 
in

flu
e
n

c
in

g
 

th
e
 

S
/N

 
ra

tio
 
in

 
a 

g
iv

e
n

 
fla

m
e
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
m

eth
o

d
 

c
a
n

 
b

e
 

su
m

m
arized

 
a
s 

fo
llo

w
s 

(1
0

5
). 

1
. 

N
e
b

u
liz

e
r 

a
. 

a
s
p

ira
tin

g
 

g
a
s 

flo
w

 
ra

te
 

b
. 

p
a
rtic

le
 
s
iz

e
 

c
. 

s
o

lu
tio

n
 

flo
w

 
ra

te
 

2
. 

A
to

m
iz

e
r 

a
. 

fu
e
l 

flo
w

 
ra

te
 

}
fu

e
l/o

x
id

a
n

t ra
tio

 
b

. 
o

x
id

a
n

t 
flo

w
 
ra

te
 

c
. 

·sh
e
a
th

in
g

 
g

a
s 

flo
w

 
ra

te
 

d
. 

h
e
ig

h
t o

f 
flam

e 
(b

u
rn

e
r 

p
o

s
itio

n
) 

e
. 

ty
p

e
 
o

f 
fu

e
l 

an
d

 
o

x
id

a
n

t 

f. 
fla

m
e
 

g
e
o

m
e
try

 

3
. 

R
a
d

ia
tio

n
 

so
u

rc
e
 

a
. 

so
u

rc
e
 
in

te
n

s
ity

 

b
. 

so
u

rc
e
 
p

o
s
itio

n
 

c
. 

m
o

d
u

la
tio

n
 

fre
q

u
e
n

c
y

 
(in

 
so

u
rc

e
 
m

o
d

u
la

te
d

 

te
c
h

n
iq

u
e
s) 



so 

4
. 

O
p

tic
a
l 

fa
c
to

rs
 

a
. 

s
l
i
t
 w

id
th

 

b
. 

w
a
v

e
le

n
g

th
 
s
e
ttin

g
 

c
. 

m
o

d
u

la
tio

n
 

fre
q

u
e
n

c
y

 
(in

 
w

a
v

e
le

n
g

th
 m

o
d

u
la

te
d

 

te
c
h

n
iq

u
e
s) 

5
. 

D
e
te

c
to

r an
d

 
re

a
d

o
u

t 
sy

ste
m

 

a
. 

PM
T 

v
o

lta
g

e
 

b
. 

re
a
d

o
u

t 
g

a
in

·· 

O
p

tim
iz

a
tio

n
 
c
a
n

 
b

e
 
e
a
rrie

d
 o

u
t 

b
y

 
in

c
re

a
s
in

g
 
th

e
 
s
ig

n
a
l, 

d
e
c
re

a
s
in

g
 
th

e
 
n

o
is

e
, 

o
r 

a
c
c
o

m
p

lish
in

g
 
b

o
th

. 
In

 
e
a
c
h

 
c
a
s
e
, 

a
n

 
a
tte

m
p

t 
sh

o
u

ld
 

b
e
 

m
ad

e 
to

 
in

c
re

a
s
e
 
th

e
 

S
/N

 
r
a
tio

. 
S

om
e 

o
f 

th
e
s
e
 

fa
c
to

rs
 

a
re

 
in

d
e
p

e
n

d
e
n

t 
an

d
 

c
a
n

 
b

e
 
a
d

ju
s
te

d
 

s
e
p

a
­

r
a
te

ly
 

fo
r 

m
axim

um
 

S
/N

 
ra

tio
. 

A
m

ong 
th

e
 

a
b

o
v

e
 
p

a
ra

m
e
te

rs
, 

e
x

c
ita

tio
n

 
s
o

u
rc

e
,. PM

T 
v

o
lta

g
e
 

an
d

 
re

a
d

o
u

t 
g

a
in

 
a
re

 
in

d
e
p

e
n

-

d
e
n

t 
v

a
ria

b
le

s
. 

T
h

e 
Pl1T 

v
o

lta
g

e
 

a
n

d
 
re

a
d

o
u

t 
g

a
in

s
 

d
o

 
n

o
t g

re
a
tly

 

a
f
f
e
c
t 

th
e
 

S
/N

 
r
a
tio

, 
u

n
le

s
s
 

a 
v

e
ry

 
la

rg
e
 
v

o
lta

g
e
 
is

 
a
p

p
lie

d
 

to
 
th

e
 

E
M

T
; 

o
r 

v
e
ry

 
la

rg
e
 
g

a
in

s 
a
re

 
u

se
d

 
to

 
th

e
 
a
m

p
lifie

rs
, 

w
h

ic
h

 
in

c
re

a
s
e
 
th

e
 
n

o
is

e
 

an
d

 
re

s
u

lt 
in

 
re

d
u

c
e
d

 
S

/N
 
r
a
tio

 
(8

5
). 

T
y

p
e 

o
f 

fla
m

e
 

g
a
se

s 
an

d
 

fla
m

e
 

g
e
o

m
e
try

 
a
re

 
u

s
u

a
lly

 
p

re
d

e
te

r­

m
in

e
d

 
b

e
fo

re
 

a 
m

e
a
su

re
m

e
n

t 
a
n

d
 
a
re

 
n

o
t 

c
o

n
s
id

e
re

d
 
in

 
th

e
 

o
p

tim
iz

a
tio

n
 
p

ro
c
e
s
s
. 

F
o

r 
e
x

a
m

p
le

, 
in

 
A

E 
a
n

d
 

A
F

, 
b

u
rn

e
rs

 
o

f 

c
irc

u
la

r 
c
ro

s
s
-s

e
c
tio

n
 

a
n

d
 
in

 A
A

 
lo

n
g

 
p

a
th

·b
u

rn
e
r 

h
e
a
d

s 
a
re

 

co
m

m
o

n
ly

 
u

se
d

. 
T

y
p

e 
o

f 
fla

m
e
 

g
a
se

s 
w

e
re

 
d

is
c
u

s
s
e
d

 
in

 
C

h
a
p

te
r 

I
I
I
, 

s
e
le

c
tio

n
 
o

f 
th

e
 

g
a
se

s 
d

e
p

e
n

d
s 

o
n

 
th

e
 

m
o

d
e 

o
f m

e
a
su

re
-

m
e
n

t 
(w

h
e
th

e
r 

A
E

, 
A

A
 
o

r A
F

), 
e
le

m
e
n

t 
to

 
b

e
 
m

e
a
su

re
d

, 
a
n

d
 

m
a
trix

 
c
o

n
s
titu

e
n

ts
. 
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M
o

d
u

la
tio

n
 

fre
q

u
e
n

c
y

 
in

 w
a
v

e
le

n
g

th
-m

o
d

u
la

te
d

 
te

c
h

n
iq

u
e
s
 

a
n

d
 
w

a
v

e
le

n
g

th
 
s
e
ttin

g
 
a
re

 
in

d
e
p

e
n

d
e
n

t 
v

a
ria

b
le

s
.a

n
d

 
s
h

o
u

ld
 

b
e
 

a
d

ju
s
te

d
 
s
e
p

a
ra

te
ly

. 
H

o
w

ev
er, 

fre
q

u
e
n

c
y

 
o

f m
o

d
u

la
tio

n
 

in
 

so
u

rc
e
-m

o
d

u
la

te
d

 
sy

ste
m

s 
is

 
a 

d
e
p

e
n

d
e
n

t 
fa

c
to

r, 
d

e
te

rm
in

e
d

 

b
y

 
o

th
e
r 

v
a
ria

b
le

s
 
o

f 
th

e
 

so
u

rc
e
 

su
c
h

 
a
s 

p
u

ls
e
 w

id
th

, 
p

u
ls

e
 

h
e
ig

h
t, 

d
u

ty
 
c
y

c
le

 
a
n

d
 d

e
 
le

v
e
l. 

C
o 

N
o

ise
 

R
e
d

u
c
tio

n
 

M
o

d
u

la
tio

n
 

te
c
h

n
iq

u
e
s 

a
re

 
v

e
ry

 
e
f
f
ic

ie
n

t 
in

 
re

d
u

c
in

g
 
th

e
 

e
ffe

c
t 

o
f 

n
o

is
e
 

a
n

d
, 

th
u

s
, 

in
c
re

a
s
in

g
 

S
/N

 
r
a
tio

. 
M

o
d

u
la

tio
n

 

is
 

tra
n

s
fo

rm
a
tio

n
 
o

f 
th

e
 

d
e
 
in

to
 

a
n

 
a
c
 
s
ig

n
a
l 

a
n

d
 
s
h

iftin
g

 

th
e
 

m
e
a
su

re
m

e
n

t 
fre

q
u

e
n

c
y

 
to

 
a 

re
g

io
n

 
o

f 
lo

w
 
n

o
is

e
 
d

e
n

s
ity

. 

W
a
v

e
le

n
g

th
 m

o
d

u
la

tio
n

 m
e
th

o
d

s 
h

a
v

e
 

b
e
e
n

 w
id

e
ly

 
u

se
d

 
in

 
a
to

m
ic

 

s
p

e
c
tro

s
c
o

p
y

 
n

o
t 

o
n

ly
 
to

 
re

d
u

c
e
 

so
m

e 
in

te
rfe

re
n

c
e
s
 

(se
e
 

C
h

a
p

­

te
r
 

IV
,B

), 
b

u
t 

a
ls

o
 

fo
r 

re
d

u
c
tio

n
 
o

f 
so

m
e 

ty
p

e
s
 
o

f 
in

s
tr

u
­

m
e
n

ta
l 

n
o

is
e
. 

S
o

u
rc

e
 
m

o
d

u
la

tio
n

 
te

c
h

n
iq

u
e
s 

a
re

 
e
m

p
lo

y
e
d

 
in

 

A
A

 
a
n

d
 

M
' 

to
 
in

c
re

a
s
e
 

S
/N

 
ra

tio
. 

T
h

is 
m

eth
o

d
 
h

a
s 

th
e
 

c
a
p

a
­

b
ility

 
o

f 
n

o
t 

o
n

ly
 
re

d
u

c
in

g
 
in

te
rfe

re
n

c
e
s
 

a
n

d
 

in
s
tru

m
e
n

ta
l 

n
o

is
e
, 

b
u

t 
a
ls

o
 
o

f 
in

c
re

a
s
in

g
 
th

e
 
s
ig

n
a
l. 

T
h

is 
is

 
a
c
h

ie
v

e
d

 

b
y

 
a
p

p
ly

in
g

 
a 

la
rg

e
 
c
u

rre
n

t 
to

 
th

e
 
lig

h
t 

so
u

rc
e
 

fo
r 

a 
s
h

o
rt 

p
e
rio

d
 
o

f 
tim

e
, 

w
h

ic
h

 
in

c
re

a
s
e
s
 
th

e
 
ra

d
ia

tio
n

 
in

te
n

s
ity

 
o

f 

th
e
 

so
u

rc
e
 

an
d

 
le

a
d

s
 
to

 
an

 
in

c
re

a
s
e
d

 
s
ig

n
a
l 

in
 

M
'. 

D
. 

O
p

tim
iz

a
tio

n
, 

R
e
su

lts 
an

d
 
D

isc
u

ssio
n

 

O
p

tim
iz

a
tio

n
 

c
a
n

 
b

e
 
c
a
rrie

d
 
o

u
t 

in
 
d

iffe
re

n
t 

w
a
y

s. 
T

h
e 

s
in

g
le

 
fa

c
to

r 
m

eth
o

d
 

k
e
e
p

s 
a
ll 

th
e
 
v

a
ria

b
le

s
 
b

u
t 

o
n

e
 
c
o

n
s
ta

n
t, 
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a
n

d
 
d

e
te

rm
in

e
s 

~
h

e 
o

p
tim

a
l 

S
/N

 
ra

tio
 

fo
r 

th
a
t 

v
a
ria

b
le

 
(1

0
6

). 

O
p

tim
iz

a
tio

n
 
in

 
th

is
 

w
ay

 
h

a
s 

th
e
 

fo
llo

w
in

g
 
d

is
a
d

v
a
n

ta
g

e
s
. 

F
ir

s
t, 

o
th

e
r 

fa
c
to

rs
 

m
ay 

in
flu

e
n

c
e
 
th

e
 
r
e
s
u

lt, 
so

 
th

e
 

o
p

tim
a
l 

v
a
lu

e
 
is

 
n

o
t 

re
a
l, 

a
n

d
, 

se
c
o

n
d

ly
, 

fo
r 

a 
la

rg
e
 

n
u

m
b

er 
o

f 
v

a
r
i­

a
b

le
s
, 

i
t
 
ta

k
e
s
 

a 
lo

n
g

 
tim

e
 

(1
0

7
). 

B
e
c
a
u

se
 
o

f 
th

e
 
la

rg
e
 

n
um

b
e
r
 
o

f 
in

te
rd

e
p

e
n

d
e
n

t 
v

a
ria

b
le

s
 

in
 

a
to

m
ic

 
s
p

e
c
tro

s
c
o

p
y

, 

th
is 

m
e
th

o
d

 
o

f 
o

p
tim

iz
a
tio

n
 
is

 
n

o
t 

v
e
ry

 
e
f
f
ic

ie
n

t 
a
n

d
 
m

u
lti­

f
w

~
to

r 
o

p
tim

iz
a
tio

n
 m

eth
o

d
s 

sh
o

u
ld

 
b

e
 

e
m

p
lo

y
e
d

. 
S

im
u

lta
n

e
o

u
s 

o
p

tim
iz

a
tio

n
 
te

c
h

n
iq

u
e
s 

su
c
h

 
a
s 

fa
c
to

ria
l 

d
e
sig

n
 
re

q
u

ire
 

c
a
rry

in
g

 
o

u
t 

a 
la

rg
e
 

n
u

m
b

er 
o

f 
e
x

p
e
rim

e
n

ts 
a
c
c
o

rd
in

g
 
to

 
a 

p
r
e
-a

rra
n

g
e
d

 
p

la
n

 
(1

0
5

). 
T

h
is 

m
eth

o
d

 
a
ls

o
 
is

 
in

a
d

e
q

u
a
te

 
w

h
e
re

 

c
o

m
p

le
te

 
k

n
o

w
le

d
g

e
 
o

f 
th

e
 
re

sp
o

n
se

 
is

 
n

o
t 

in
itia

lly
 
a
v

a
ila

b
le

 

(1
0

8
). 

T
h

e 
s
e
q

u
e
n

tia
l 

o
p

tim
iz

a
tio

n
 m

eth
o

d
 
c
o

n
s
is

ts
 
in

 
c
a
rry

­

in
g

 
o

u
t 

o
n

ly
 

a 
few

 
(o

fte
n

 
o

n
e)m

easu
rem

en
is a

t 
a 

tim
e
. 

B
y 

u
s
in

g
 

th
e
 

S
/N

 
ra

tio
 

fro
m

 
th

e
 

p
re

v
io

u
s 

m
e
a
su

re
m

e
n

ts, 
n

ew
 
v

a
lu

e
s
 
o

f 

th
e
 
v

a
ria

b
le

s
 

a
re

 
d

e
te

rm
in

e
d

 
b

e
fo

re
 

th
e
 
n

e
x

t 
m

e
a
su

re
m

e
n

t. 

T
h

e 
sim

p
le

x
 ~

e
th

o
d

 
is

 
an

 
e
x

a
m

p
le

 
o

f 
s
e
q

u
e
n

tia
l 

o
p

tim
iz

a
tio

n
. 

T
h

e 
sim

p
le

x
 
o

p
tim

iz
a
tio

n
 m

eth
o

d
 
h

a
s 

b
e
e
n

 
u

se
d

 
b

y
 

so
m

e 

w
o

rk
e
rs 

in
 
stu

d
y

in
g

 
th

e
 

o
p

tim
u

m
 S

/N
 
ra

tio
 

fo
r 

s
e
v

e
ra

l 
e
le

m
e
n

ts
. 

P
a
rk

e
r 

e
t 

a
l. 

(1
0

9
) 

em
p

lo
y

ed
 
th

is
 

te
c
h

n
iq

u
e
 
in

 
F

M
 
fo

r 
in

v
e
s
­

tig
a
tio

n
 
o

f 
a
b

so
rb

a
n

c
e
 

re
sp

o
n

se
 

a
s 

a 
fu

n
c
tio

n
 
o

f 
fiv

e
 
v

a
r
i­

a
b

le
s
: 

a
c
e
ty

le
n

e
 

flo
w

 
ra

te
, 

a
ir

 
flo

w
 
ra

te
, 

lam
p

 
c
u

rre
n

t, 

b
u

rn
e
r 

h
e
ig

h
t, 

an
d

 
a
n

 
in

s
ig

n
ific

a
n

t 
fa

c
to

r 
w

h
ic

h
 

w
as 

th
e
 

v
o

lu
m

e
 
o

f w
a
te

r 
in

 
a 

1
0

0
 

m
l 

g
ra

d
u

a
te

d
 
c
y

lin
d

e
r 

so
m

e 
d

is
ta

n
c
e
 

fro
m

 
th

e
 

in
s
tru

m
e
n

t. 
T

h
ey

 
fo

u
n

d
 

o
p

tim
a
l 

v
a
lu

e
s
 
o

f 
th

e
 
s
ig

­

n
ific

a
n

t 
v

a
ria

b
le

s
 

fo
r 

C
a 

in
 

a
n

 
a
ir

-
c

2 H
2 

fla
m

e
. 

T
h

e 
in

s
ig

-
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n
if

ic
a
n

t 
fa

c
to

r 
w

as 
fo

u
n

d
 

to
 

b
e
 

"
s
ig

n
ific

a
n

t"
 

in
 

so
m

e 
c
a
s
e
s
. 

Jo
h

n
so

n
 
e
t 

a
i. 

(1
1

0
) 

u
se

d
 

sim
p

le
x

 
o

p
tim

iz
a
tio

n
 
fo

r 
p

u
ls

e
d

 

H
.C

.L
.'s

. 
F

a
c
to

rs
 
v

a
rie

d
 
in

c
lu

d
e
d

 
p

u
ls

e
 
h

e
ig

h
t, 

d
e
 
le

v
e
l, 

p
u

ls
e
w

id
th

, 
a
v

e
ra

g
e
 
c
u

rre
n

t, 
an

d
 d

u
ty

 
fa

c
to

r. 
T

h
ey

 
h

a
v

e
 

re
p

o
rte

d
 

o
p

tim
u

m
 v

a
lu

e
s 

fo
r 

s
e
v

e
ra

l 
H

.C
.L

.'s
. 

In
 
th

is
 

stu
d

y
 

so
m

e 
o

f 
th

e
 

p
a
ra

m
e
te

rs 
w

e
re

 
ro

u
g

h
ly

 
o

p
ti­

m
j

a
e
d

. 
T

h
e 

m
o

st 
im

p
o

rta
n

t 
v

a
ria

b
le

s
, 

i
.e

., 
fla

m
e
 
h

e
ig

h
t, 

o
tid

a
n

t 
flo

w
 
ra

te
 

an
d

 
fu

e
l 

flo
w

 
ra

te
, 

w
e
re

 
a
d

ju
s
te

d
 
to

 
o

b
ta

in
 

a 
r

e
a
s
o

n
a
b

le
 

S
/N

 
r
a
tio

. 
O

p
tim

iz
a
tio

n
 w

as 
c
a
rrie

d
 
o

u
t 

b
y

 

c
h

o
ic

e
 
o

f 
a 

fla
m

e
 

m
e
ig

h
t 

an
d

 
a
n

 
o

x
id

a
n

t 
flo

w
 
r
a
te

, 
th

e
n

 
fu

e
l 

flo
w

 
ra

te
 

w
as 

a
d

ju
s
te

d
 

fo
r 

m
axim

um
 

S
/N

 
r
a
tio

. 
T

h
en

 
fla

m
e
 

h
e
ig

h
t 

a
n

d
 
fu

e
l 

flo
w

 
ra

te
 

w
e
re

 
k

e
p

t 
c
o

n
s
ta

n
t 

a
n

d
 
o

x
id

a
n

t 
flo

w
 

r
a
te

 
w

as 
a
d

ju
s
te

d
. 

T
h

e 
p

ro
c
e
d

u
re

 
w

as 
th

e
n

 
re

p
e
a
te

d
 
fo

r 
o

th
e
r 

v
a
ria

b
le

s
. 

S
ig

n
a
l, 

b
a
c
k

g
ro

u
n

d
 

a
n

d
 

S
/B

 
c
h

a
ra

c
te

ris
tic

s
 
o

f 
s
e
v

e
ra

l 

e
le

m
e
n

ts 
v

s
. 

fu
e
l 

flo
w

 
ra

te
 

a
re

 
illu

s
tr

a
te

d
 
in

 
F

ig
u

re
s
 

4 
to

 

2
0

. 
W

ith
 

H
2
-fu

e
le

d
 

fla
m

e
s, 

th
e
 

b
a
c
k

g
ro

u
n

d
 
in

te
n

s
ity

 d
o

e
s 

n
o

t 

v
a
ry

 
a
s 

s
ig

n
a
l 

d
o

e
s, 

th
u

s 
a 

v
e
ry

 
la

rg
e
 

S
/N

 
r
a
tio

 
c
a
n

 
b

e
 

o
b

ta
in

e
d

 
b

y
 
v

a
ry

in
g

 
th

e
 

H
2 

flo
w

 
ra

te
. 

U
n

fo
rtu

n
a
te

ly
, 

H
2

-

fu
e
le

d
 

fla
m

e
s 

a
re

 
n

o
t 

e
ffic

ie
n

t 
in

 m
an

y
 
c
a
s
e
s
, 

b
e
c
a
u

se
 
o

f 

r
e
la

tiv
e
ly

 
lo

w
 
te

m
p

e
ra

tu
re

. 
c

2 H
2
-fu

e
le

d
 

fla
m
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e
 

a 
c
lo

u
d

 o
f 

p
a
rtic

le
s
. 

M
axim

um
 
e
ffic

ie
n

c
y

 w
ith

 
th

e
 

n
eb

u
­

liz
e
r
 
a
ir

 
flo

w
 
ra

te
 
o

f 
6 L

/m
in

 w
as 

found 
to

 b
e 

4 rnL
/m

in 
so

lu
­

tio
n

 
u

p
ta

k
e
 
ra

te
. 

I
t 

sh
o

u
ld

 
b

e em
p

h
asized

 th
a
t th

is
 
v

a
ri-

a
b

le
 
lik

e
 

m
any 

o
th

e
rs 

is
 
n

o
t 

an
 

in
d

ep
en

d
en

t o
n

e, 
an

d
 i

t
 sh

o
u

ld
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b
e 

m
ad

e 
to

 
o

b
ta

in
 

sm
a
ll 

an
d

·u
n

ifo
rm

 d
ro

p
le

ts w
ith

 
an e

ffi­

c
ie

n
t 

sa
m

p
le

 
fe

e
d

 
ra

te
. 

M
o

n
o

ch
ro

m
ato

r s
lit w

id
th

 m
ust be o

p
tim

ized
 fo

r 
a
c
h

ie
v

e
­

m
en

t 
o

f 
h

ig
h

 
s
e
n

s
itiv

ity
, 

good re
so

lu
tio

n
 and h

ig
h

 S
/N

 
ra

tio
. 

S
lit w

id
th

 
sh

o
u

ld
 b

e 
la

rg
e
 

enough to
 allo

w
 s

u
ffic

ie
n

t lig
h

t 

to
 
f
a
ll 

o
n

 
th

e
 

d
e
te

c
to

r and 
sm

all enough 
to

 en
su

re 
is

o
la

tio
n

 

o
f 

th
e 

sp
e
c
tra

l 
lin

e
 o

f 
in

te
re

s
t from

 o
th

e
r lin

e
s o

r b
an

d
s 

w
h

ich
 
a
re

 
c
o

n
sid

e
re

d
 in

te
rfe

re
n

c
e
s. 

T
he 

in
te

n
sity

 o
f a 

m
ono­

c
h

ro
m

~
tic 

lin
e
 
is

 
d

ire
c
tly

 p
ro

p
o

rtio
n

a
l to

 th
e
 
s
lit w

id
th

, 

w
h

ile
 

fo
r 

a 
co

n
tin

u
u

m
 lig

h
t su

ch
 as a m

o
lecu

lar b
an

d
, 

i
t
 is

 

p
ro

p
o
r
tio

n
a
l 

to
 
th

e
 

sq
u

are o
f th

e
 s

lit w
id

th
. 

T
he 

e
ffe

c
t o

f 

s
lit w

id
th

 
o

n
 

e
m

issio
n

 
in

te
n

sity
 o

f Fe 
lin

e
 
a
t 3

7
2

.0
 

nm
 
is

 

illu
s
tra

te
d

 
in

 
F

ig
u

re
 

59. 
In

c
re

a
sin

g
 th

e
 
s
lit w

id
th

 re
s
u

lts
 

in
 

a 
lin

e
a
r 

in
c
re

a
se

 
in

 em
issio

n
 in

te
n

sity
. 

M
g 

h
as 

an
 
in

te
n

se
 

m
o

le
c
u

la
r 

b
an

d
 
a
t th

is
 

re
g

io
n

, 
th

e
 in

te
n

sity
 o

f w
h

ich
 v

s. 
th

e
 

s
lit w

id
th

 
is

 
illu

s
tra

te
d

 o
n

 th
e
 

sam
e 

d
iag

ram
, 

an
d

 
is

 
show

n 

to
 

b
e
 
p

ro
p

o
rtio

n
a
l 

to
 
th

e
.sq

u
are o

f th
e
 s

lit w
id

th
. 

T
he 

S
/N

 

ra
tio

 
(F

efM
gO

H
 

em
is~

io
n

 
in

te
n

sity
) 

is
 
a
lso

 
illu

s
tra

te
d

, 
w

h
ich

 

is
 
la

rg
e
r 

a
t 

sm
a
lle

r s
lit w

id
th

s. 

R
a
d

ia
tio

n
 

so
u

rc
e
 
in

te
n

sity
, 

as 
alread

y
 m

en
tio

n
ed

, 
is

 
an

 

in
d

e
p

e
n

d
e
n

t 
v

a
ria

b
le

 
an

d
 m

u
st b

e o
p

tim
ized

 se
p

a
ra

te
ly

. 
T

he 

e
ffe

c
t 

o
f 

H
.C

.L
. 

in
te

n
s
ity

 on 
ab

so
rb

an
ce o

f 
Zn 

is
 
illu

s
tra

te
d

 

in
 
F

ig
u

re
 

6
0

. 
M

axim
um

 
ab

so
rb

an
ce w

as 
o

b
tain

ed
 w

hen 
th

e
 
c
u

r­

re
n

t 
th

ro
u

g
h

 
th

e
 

lam
p w

as 
10 

m
A

. 
S

e
n

sitiv
ity

 w
as 

ev
en

 h
ig

h
e
r 

w
hen 

th
e
 
lig

h
t 

so
u

rc
e
 w

as 
ch

o
p

p
ed

. 
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C
h

ap
ter V

I. 

S
o

lv
e
n

t E
x

tra
c
tio

n
 
in

 T
race E

lem
en

t A
n

aly
sis 

In
 
tra

c
e
 

e
le

m
e
n

t 
a
n

a
ly

sis by ato
m

ic 
sp

e
c
tro

sc
o

p
ic

 te
c
h

­

n
iq

u
e
s
, 

th
e
 
s
e
n

s
itiv

ity
 is

 
v

ery
 p

o
o

r 
fo

r m
any 

elem
en

ts 
o

r, 

in
 

so
m

e 
c
a
s
e
s
, 

th
e
re

 
a
re

 
se

v
e
re

 
in

te
rfe

re
n

c
e
s 

due 
to

 
a 

com
­

p
le

x
 m

a
tr

ix
 w

h
ich

 
a
re

 
n

o
t 

co
m

p
letely

 e
lim

in
a
te

d
 by 

th
e
 
a
v

a
il­

a
b

le
 

c
o
r
r

e
c
tio

n
 
te

c
h

n
iq

u
e
s 

and th
u

s 
re

su
lt 

in
 an

 e
rro

r. 

S
e
p

a
ra

t
i
 

1 
m

eth
o

d
s 

can
 b

e 
u

sed
 in

 th
e
se

 
cases 

to
 

en
h

an
ce 

th
e
 

s
e

A
 s

·•~i
v

ity
 

b
y

 
p

re
c
o

n
c
e
n

tra
tio

n
 and 

se
p

a
ra

te
 th

e
 
d

e
sire

d
 

elem
e

n
ts

 
f
r

om
 
o

th
e
r 

co
m

p
o

n
en

ts o
f th

e
 
so

lu
tio

n
 to

 e
lim

in
a
te

 

th
e
ir 

in
te

rfe
re

n
c
e
 
e
ffe

c
ts

. 
T

he m
ost com

m
on 

se
p

a
ra

tio
n

 te
c
h

­

n
iq

u
e
s 

w
h

ic
h

 
h

av
e 

b
een

 u
sed

 a
re

 
io

n
 ex

ch
an

g
e, 

so
lv

e
n

t e
x

tra
c
­

tio
n

 
a
n

d
 
c
o

-p
re

c
ip

ita
tio

n
. 

Io
n

 
e
x

c
h

a
n

g
e
 

h
a
s 

b
een

 u
sed

 by m
any 

w
o

rk
ers 

fo
r 

se
p

a
ra

­

tio
n

 
a
n

d
 
p

re
c
o

n
c
e
n

tra
tio

n
 

(1
1

1
-1

1
3

). 
T

h
is m

ethod 
is

 
p

a
rtic

u
­

la
rly

 
u

s
e
fu

l 
fo

r 
a
n

a
ly

sis 
o

f w
ater sam

p
les 

(1
1

4
,1

1
5

). 
D

if­

fe
re

n
t 

ty
p

e
s 

o
f 

io
n

 ex
ch

an
g

e 
re

sin
s have 

b
een

 u
sed

; 
fo

r 
ex

a
m

­

p
le

, 
C

h
e
le

x
-1

0
0

 
is

 
a 

c
a
tio

n
 ex

ch
an

g
e re

sin
 w

h
ich

 can
 c

h
e
la

te
 

m
any 

o
f 

th
e
 
tra

c
e
 

e
le

m
e
n

ts. 
K

in
g

sto
n

 and 
co

w
o

rk
ers 

(116) 

s
e
p

a
ra

te
d

 
e
ig

h
t 

tra
n

s
itio

n
 m

etals 
from

 sea w
ater u

sin
g

 
th

is
 

re
s
in

. 
In

 
th

is
 

m
eth

o
d

, 
a 

la
rg

e
 volum

e 
o

f sam
p

le 
is

 
p

a
sse

d
 

th
ro

u
g

h
 

a 
co

lu
m

n
 

an
d

 
th

e
n

 tra
c
e
 

elem
en

ts 
a
re

 e
lu

te
d

 w
it~

 

sm
a
ll 

p
o

rtio
n

s
 
o

f 
2

.5
 

M
 HNO

3
. 

S
o

lv
e
n

t 
e
x

tra
c
tio

n
 m

eth
o

d
s 

a
re

 w
id

ely
 u

sed
 in

 ato
m

ic 

s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s, 

e
sp

e
c
ia

lly
 AA 

and A
E. 

E
x

tra
c
tio

n
 



1
1

7
 

is
 
u

s
u

a
lly

 
c
a
rrie

d
 o

u
t 

from
 

aqueous 
in

to
 o

rg
an

ic 
so

lv
e
n

t. 

A
n 

o
rg

a
n

ic
 

co
m

p
lex

in
g

 
a
g

e
n

t 
is

 
added to

 th
e
 

sam
p

le
·to

 p
ro

­

d
u

c
e
 
e
x

tra
c
ta

b
le

 m
e
ta

l 
co

m
p

lex
es 

and 
th

en
 
th

e
 

com
plex 

is
 

e
a
s
ily

 
e
x

tra
c
te

d
 
in

to
 

a 
re

la
tiv

e
ly

 sm
all volum

e o
f o

rg
a
n

ic
 

s
o

lv
e
n

t. 
S

om
e 

o
f 

th
e
 

w
ell-k

n
o

w
n

 com
plexing ag

en
ts 

a
re

: 

8
-h

y
d

ro
x

y
q

u
in

o
lin

e
 

(o
x

in
e) 

a
c
e
ty

la
c
e
to

n
e
 

1
,1

0
-

p
h

e
n

a
n

th
ro

lin
e
 

d
ip

h
e

n
y

lth
io

c
a
rb

a
z
o

n
e
 

(d
ith

izo
n

e) 

s 
d

iu
m

 d
ie

th
y

ld
ith

io
c
a
rb

a
rn

a
te

 
(N

aD
D

C) 

d
ie

th
y

lam
m

o
n

iu
m

d
ieth

y
ld

ith
io

carb
arn

ate 
(D

D
D

C) 

am
m

on
iu

m
 p

y
rro

lid
in

e
 d

ith
io

carb
am

ate 
(A

PD
C

) 

c
u

p
fe

rro
n

 

O
rg

a
n

ic
 

s
o

lv
e
n

ts
 

w
h

ich
 a

re
 u

su
a
lly

 u
sed

 to
 e

x
tra

c
t m

etal 
com

­

p
le

x
e
s 

a
re

: 
c
h

lo
ro

fo
rm

, 
a
c
e
ty

la
c
e
to

n
e
, 

e
th

y
la

c
e
ta

te
, 

m
e
th

y
l­

iso
b

u
ty

lk
e
to

n
e
 

(M
IB

K
), 

am
yl 

a
lc

o
h

o
l, 

e
th

e
r and b

en
zen

e. 

A
m

ong 
th

e
s
e
 
s
o

lv
e
n

t, 
M

IBK
 

h
as 

b
een

 u
sed

 e
x

te
n

siv
e
ly

 
fo

r 
th

e
 

e
x

tra
c
tio

n
 
o

f 
d

iffe
re

n
t m

etal 
com

plexes p
rio

r to
 

ato
m

ic 
sp

e
c
­

tro
s
c
o

p
ic

 
m

easu
rem

en
ts. 

I
t is

 m
ore 

su
ita

b
le

 th
an

 m
any 

o
th

e
r 

s
o

lv
e
n

ts
 

d
u

e 
to

 
its

 
re

la
tiv

e
ly

 h
ig

h
 
so

lu
b

ility
 in

 w
a
te

r, 

h
ig

h
e
r 

c
h

e
m

ic
a
l 

s
ta

b
ility

 a
fte

r e
x

tra
c
tio

n
 an

d
 good com

bus­

tio
n

 
in

 
fla

m
e
s. 

A
ll 

o
f 

th
e
 

ab
o

v
e 

c
h

e
la

tin
g

 ag
en

ts 
a
re

 a
b

le
 
to

 
co

m
p

lex
 

s
e
v

e
ra

l 
m

e
ta

l 
io

n
s
, 

an
d

 
th

e
ir se

le
c
tiv

ity
 d

ep
en

d
s 

on v
a
rio

u
s 

fa
c
to

rs
 

su
c
h

 
a
s 

pH
, 

te
m

p
e
ra

tu
re

 
and 

c
o

n
c
e
n

tra
tio

n
 o

f d
iffe

r­

e
n

t 
s
p

e
c
ie

s
 
in

 
th

e
 
so

lu
tio

n
. 

T
h

u
s, 

by a
d

ju
stin

g
 th

e
 

pH
 
o

f 



1
1

8
 

th
e
 
s
o

lu
tio

n
 

an
d

 
a
d

d
itio

n
 o

f m
asking ag

en
ts, 

se
le

c
tiv

e
 

se
p

a
­

ra
tio

n
 

fo
r 

o
n

e 
o

r 
a 

g
ro

u
p

 o
f elem

en
ts 

is
 p

o
ssib

le
. 

T
he 

e
x

tra
c
tio

n
 
e
ffic

ie
n

c
y

 
in

 an
 

im
p

o
rtan

t fa
c
to

r 
in

 a
ll 

e
x

tra
c
­

tio
n

 
sy

ste
m

s 
an

d
 a

t 
a 

g
iv

en
 
s
e
t o

f co
n

d
itio

n
s 

it is
 
e
x

p
re

sse
d

 

a
s 

p
e
rc

e
n

t 
o

f 
e
x

tra
c
tio

n
. 

%
 e

x
tra

c
tio

n
=

 

D
 =

 
• i

s
trib

u
tio

n
 ra

tio
 

V
 

-
v

o
lu

m
e 

o
f 

aq
u

eo
u

s 
so

lu
tio

n
 

a
q

 

V
 

=
 

v
o

lu
m

e 
o

f o
rg

a
n

ic
 
so

lv
e
n

t 
0 

T
h

e 
m

o
st 

u
su

a
l 

ty
p

e
 o

f so
lv

e
n

t e
x

tra
c
tio

n
 p

ro
ced

u
re 

is
 

th
e
 
b

a
tc

h
 
e
x

tra
c
tio

n
. 

In
 th

is
 m

ethod, 
a
fte

r a
d

ju
stin

g
 
se

p
a
ra

­

tio
n

 
c
o

n
d

itio
n

s
, 

su
ch

 
as 

pH
, 

and a
d

d
itio

n
 o

f a 
m

ask
in

g
 
a
g

e
n

t 

(if 
n

e
c
e
s
s
a
ry

), 
a 

su
ita

b
le

 co
m

p
lex

in
g

 ag
en

t is
 

ad
d

ed
, 

th
e
n

 

th
e
 

s
o

lu
tio

n
 
is

 
sh

ak
en

 
in

 
a 

se
p

a
ra

to
ry

 fu
n

n
el 

w
ith

 a 
su

ita
b

le
 

o
rg

a
n

ic
 
s
o

lv
e
n

t, 
an

d
 
fin

a
lly

 
th

e
 la

y
e
rs 

are 
se

p
a
ra

te
d

 fro
m

 

e
a
c
h

 
o

th
e
r. 

In
 

som
e 

c
a
se

s, 
w

here 
th

e e
ffic

ie
n

c
y

 o
f e

x
tra

c
tio

n
 

is
 
n

o
t 

e
n

o
u

g
h

, 
th

e
 

p
ro

c
e
ss 

can
 be 

rep
eated

 se
v

e
ra

l 
tim

e
s. 

T
h

e
re

 
is

 
an

 
en

o
rm

o
u

s 
am

ount o
f lite

ra
tu

re
 

ab
o

u
t 

so
lv

e
n

t 

e
x

tra
c
tio

n
 
o

f m
e
ta

l 
io

n
s, 

o
n

ly
 a 

few
 o

f th
e
se

 w
ill be 

d
is

­

c
u

sse
d

 
h

e
re

. 
8

-H
y

d
ro

x
y

q
u

in
o

lin
e 

(o
x

in
e) 

re
a
d

ily
 

form
s 

e
x

tra
c
t­

a
b

le
 

c
o

m
p

le
x

e
s 

w
ith

 m
any 

elem
en

ts 
(1

1
7

,1
1

8
). 

T
he 

co
m

p
lex

 can
 

b
e 

re
a
d

ily
 
e
x

tra
c
te

d
 
in

to
 ch

lo
ro

fo
rm

 o
r M

IB
K

. 
P

itt 
(119) 

u
se

d
 th

is
 

co
m

p
o

u
n

d
 
fo

r 
e
x

tra
c
tio

n
 o

f A
l 

p
rio

r to
 m

easu
rem

en
t 



119 

w
ith

 
F

A
E

. 
F

e
, 

M
o 

an
d

 G
a 

fo
rm

 com
plexes w

ith
 o

x
in

e
, 

w
h

ich
 

th
e
n

 
c
a
n

 
b

e
 
e
x

tra
c
te

d
 
in

to
 M

IBK
 

{120). 
O

xine 
a
lso

 h
as 

b
een

 

em
p

lo
y

ed
 
fo

r 
c
h

e
la

tio
n

 o
f P

b
, 

N
i, 

C
o, 

Z
n, 

A
g, 

A
l, 

B
e, 

F
e 

an
d

 

C
d

, 
a
n

d
 
th

e
n

 
e
x

tra
c
tio

n
 
in

to
 M

IBK
 

{121). 

N
aD

D
C

 
c
h

e
la

te
s
 m

any 
elem

en
ts e

x
tra

c
ta

b
le

 
in

to
 M

IBK
 

an
d

 

c
h

lo
ro

fo
rm

. 
C

u 
an

d
 B

i 
h

av
e 

b
een

 sep
arated

 from
 b

lo
o

d
 

sam
p

les 

w
ith

 
N

a
D

D
C 

an
d

 
M

IB
K

 
w

ith
 100%

 
e
ffic

ie
n

c
y

 
{1

2
2

). 
T

he 
sam

e 

e
x

tra
c
tio

n
 

sy
ste

m
 w

as 
u

sed
 b

y
 H

annaker and H
ughes 

{
1

2
0

), 
w

ho
· 

se
p

a
ra

te
d

 
1

6 
m

e
ta

l 
io

n
s 

fro
m

 g
eo

lo
g

ical 
sam

p
les 

fo
r 

FA
A

 
m

eas­

u
rem

en
t. 

T
h

e
y

 
fo

u
n

d
 
th

e
ir p

ro
ced

u
re q

u
a
n

tita
tiv

e
, 

if
 co

m
p

lex
­

fo
rm

in
g 

e
le

m
e
n

ts, 
w

hen 
p

re
se

n
t in

 la
rg

e
 ex

cess 
{su

ch
 a

s 
F

e 

an
d

 
M

n 
in 

m
any 

g
e
o

lo
g

ic
a
l 

sam
p

les), 
w

ere 
rem

oved. 

A
PD

C
-M

IB
K

 
is

 
a 

w
id

ely
 u

sed
 e

x
tra

c
tio

n
 sy

stem
 in

 ato
m

ic 

sp
e
c
tro

sc
o

p
y

. 
A

 w
id

e 
ran

g
e 

o
f m

etals 
can

 b
e 

e
x

tra
c
te

d
 b

y
 

th
is

 
m

ix
tu

re
. 

A
d

v
an

tag
es 

o
f 

th
is

 
sy

stem
 a

re
 
its

 
c
a
p

a
b

ility
 

to
 

c
o

m
p

le
x

 m
any 

tra
c
e
 elem

en
ts o

v
er a w

id
e pH

 
ran

g
e 

an
d

 
its

 

s
ta

b
ility

 
in

 
a
c
id

 
so

lu
tio

n
s. 

B
rooks 

and 
co

w
o

rk
ers 

u
se

d
 

A
PD

C
-M

IB
K

 
fo

r 
e
x

tra
c
tio

n
 o

f C
o, 

C
u, 

F
e, 

P
b

, 
N

i 
an

d
 

Zn 

fro
m

 
s
a
lin

e
 
w

a
te

rs 
a
t pH

 
3

.5
 
p

rio
r to

 FA
A

 
d

e
te

rm
in

a
tio

n
 

{
1

2
4

). 

K
in

ra
d

e
 
e
t 

a
i. 

(1
2

5
) 

h
av

e 
d

e
sc

rib
e
d

 th
e
 u

se o
f A

PD
C

-D
D

D
C

-

M
IB

K
 

fo
r 

sim
u

lta
n

e
o

u
s 

e
x

tra
c
tio

n
 o

f C
d, 

C
o, 

C
u, 

F
e, 

P
b

, 
N

i, 

A
g 

a
n

d
 

Z
n

. 
In

 
th

e
ir e

x
tra

c
tio

n
 sy

stem
 pH

 
w

as 
a
d

ju
ste

d
 to

 
5 

w
ith

 
c
itr

a
te

 
b

u
ffe

r 
an

d
 
a
fte

r e
x

tra
c
tio

n
 th

e
 m

easu
rem

en
t w

as 

c
a
rrie

d
 
o

u
t 

o
n

 
th

e
 
o

rg
a
n

ic
 

p
h

ase by 
FA

A
. 

A
s 

a
lre

a
d

y
 m

en­

tio
n

e
d

, 
A

PD
C

 
c
a
n

 
b

e 
u

sed
 
in

 
stro

n
g

ly
 acid

 
so

lu
tio

n
s. 

A
lla

n
 

(1
2

6
) 

h
a
s 

re
p

o
rte

d
 
e
x

tra
c
tio

n
 o

f C
u 

from
 

6 N
 H

C
l, 

9 N
 H

2 so
4 



1
2

0
 

a
n

d
 

u
p

 
to

 
10%

 
H

C
lo

4 
(H

N
O

3 
c
a
n

n
o

t b
e 

u
sed

 b
e
c
a
u

se
 
i
t
 d

eco
m

­

p
o

se
s 

th
e
 

re
a
g

e
n

t) 
w

ith
 A

PD
C

 
an

d
 e

th
y

l 
a
c
e
ta

te
. 

D
eb

b
ek

a 

(1
2

7
) 

h
a
s 

e
x

tra
c
te

d
 P

b
 

an
d

 
C

d 
b

y
 A

PD
C

-M
IB

K
 

sy
stem

 
fro

m
 H

N
o3 -

H
C

lo
4 

d
ig

e
s
t, 

a
t 

pH
 

1
.4

-1
.8

 
an

d
 
th

e
n

 
strip

p
e
d

 
in

to
 HNO

3 
an

d
 

H
2

o
2

• 
H

e 
h

a
s 

re
p

o
rte

d
 

g
o

o
d

 
p

re
c
isio

n
 

an
d

 
a
c
c
u

ra
c
y

, 
v

e
ry

 

few
 
in

te
rfe

re
n

c
e
s
 

a
n

d
 

n
o

 
n

eed
 
fo

r e
x

tra
c
tio

n
 o

f 
sta

n
d

a
rd

s. 

E
x

tra
c
tio

n
 
o

f 
m

an
y

 
o

th
e
r 

e
le

m
e
n

ts 
h

as 
b

een
 
c
a
rrie

d
 o

u
t u

sin
g

 

A
PD

C
-M

IB
K

 
s
y

ste
m

 
(1

1
5

,1
2

8
-1

3
0

). 

O
t

h
e
 

e
x

tra
c
tio

n
 

sy
ste

m
s 

h
av

e 
a
lso

 
b

een
 

u
sed

 p
rio

r 
to

 
' 

fla
m

e
 

o
r 

n
o

n
-fla

m
e
 

a
to

m
ic

 
sp

e
c
tro

sc
o

p
ic

 
te

c
h

n
iq

u
e
s. 

1
,1

0
-

P
h

e
n

a
n
th

r
o

l
in

e
 
is

 
a 

w
ell-k

n
o

w
n

 
co

m
p

lex
in

g
 a

g
e
n

t 
fo

r 
a 

v
a
rie

ty
 

o
f 

tra
c
e
 

e
le

m
e
n

ts
 

(1
3

1
). 

S
c
h

ilt an
d

 co
w

o
rk

ers 
(1

3
2

) 
a
p

p
lie

d
 

th
is

 
re

a
g

e
n

t 
fo

r 
e
x

tra
c
tio

n
 o

f m
e
ta

l 
io

n
s 

an
d

 
d

e
te

rm
in

e
d

 

d
is

tr
ib

u
tio

n
 
r
a
tio

s
 

an
d

 
e
x

tra
c
tio

n
 e

ffic
ie

n
c
ie

s
 
o

f 
19 

e
le

­

m
e
n

ts. 
T

h
e
y

 
h

a
v

e
 
e
x

tra
c
te

d
 m

e
ta

l 
co

m
p

lex
es 

fro
m

 
aq

u
eo

u
s 

so
lu

­

tio
n

s
 
o

f 
N

ac1
O

4 
a
n

d
 

CH
3 CO

O
N

H
4 

a
t pH

 
7 

in
to

 
n

itro
b

e
n

z
e
n

e
 

p
rio

r 
to

 
m

e
a
su

re
m

e
n

t. 
R

e
p

o
rte

d
 v

a
lu

e
s 

o
f 

th
e
 
e
x

tra
c
tio

n
 

f
f

• 
• 

• 
f 

2+
 

2+
 

2+
 

C
d

2+
 

d 
P

b
2+

 
100%

 
e 

ic
.1

.e
n

c
ie

s 
o

r 
F

e 
, 

C
u 

, 
Z

n 
, 

an
 

a
re

 
. 

2
+

 
2

+
 

+
 

F
o

r 
M

n 
, 

C
o 

a
n

d
 

A
g 

th
e
 
e
ffic

ie
n

c
ie

s
 

h
av

e
·b

een
 
re

p
o

rte
d

 

a
s 

9
6

, 
9

9
 

a
n

d
 

9
5

 
p

e
rc

e
n

t, 
re

sp
e
c
tiv

e
ly

. 
V

ie
ts 

(133) 
u

se
d

 

tric
a
p

ry
ly

lm
e
th

y
la

rn
m

o
n

iu
m

 c
h

lo
rid

e
 

an
d

 M
IB

K
 

(A
liq

u
o

t 
3

3
6

-

M
IB

K
) 

to
 
e
x

tra
c
t 

s
e
v

e
ra

l m
e
ta

l 
io

n
s 

(A
g, 

B
i, 

C
d

, 
C

u, 
P

b 
an

d
 

Z
n) 

in
 
g

e
o

lo
g

ic
a
l 

m
a
te

ria
ls

 
a
fte

r K
C

lO
3

-H
C

l 
d

ig
e
stio

n
. 

H
e 

h
a
s 

re
p

o
rte

d
 
s
e
le

c
tiv

e
 
e
x

tra
c
tio

n
 o

f th
e
se

 m
e
ta

l 
io

n
s 

in
 
th

e
 

p
re

s
e
n

c
e
 
o

f 
a
s
c
o

rb
ic

 
a
c
id

 
an

d
 K

I. 
T

he 
m

easu
rem

en
ts w

ere 

c
a
rrie

d
 
o

u
t 

b
y

 
FA

A
. 

F
o

r m
o

re 
in

fo
rm

a
tio

n
 
a
b

o
u

t 
th

e
 
th

e
o

ry
 



1
2

1
 

an
d

 
d

iffe
re

n
t 

e
x

tra
c
tio

n
 

sy
stem

s, 
th

e 
fo

llo
w

in
g

 
re

fe
re

n
c
e
s 

m
ay 

b
e
 

c
o

n
s
u

lte
d

: 

1
. 

Im
p

o
rta

n
c
e
 o

f e
x

tra
c
tio

n
 p

aram
eters 

2
. 

S
o

lu
b

ility
 p

ro
d

u
c
t o

f som
e 

d
iv

a
le

n
t 

• m
e
ta

l 
io

n
s w

ith
 A

PD
C 

3
. 

A
 c

o
m

p
le

te
 

rev
iew

 o
f e

x
tra

c
tio

n
 sy

stem
s 

4
. 

S
e
le

c
tiv

e
 e

x
tra

c
tio

n
 o

f A
l w

ith
 cu

p
ferro

n
 

an
d

 M
IB

K
 

o
r 

ch
lo

ro
fo

rm
 

S
o 

A
pp

lic
a
tio

n
 o

f 
so

lv
e
n

t e
x

tra
c
tio

n
 in

 

a
to

m
ic

 
sp

e
c
tro

sc
o

p
y

 

6
0 

u
a
n

tita
tiv

e
 
e
x

tra
c
tio

n
 o

f F
e, 

M
o, 

T
l 

and 

S
n

 w
ith

 
cu

p
ferro

n
-M

IB
K

 

C
u 

an
d

 B
i w

ith
 D

D
D

C-M
IBK

 

C
o 

an
d

 
N

i w
ith

 A
PD

C
-M

IB
K

 

M
n 

w
ith

 
oxine-M

IB
K

 

L
i, 

S
r, 

C
a, 

M
g 

w
ith

 th
e
n

o
y

ltriflu
o

ro
­

aceto
n

e-M
IB

K
 

7
. 

E
x

tra
c
tio

n
 o

f C
d, 

F
e, 

Z
n, 

C
u, 

M
n 

an
d

 Pb 

b
y

 
N

aD
D

C
-isoarnyl 

alco
h

o
l 

8
. 

E
x

tra
c
tio

n
 o

f 
32 

elem
en

ts by K
-e

th
y

l­

x
a
n

th
a
te

 
an

d
 CH

C1
3 

(125) 

(1
3

4
) 

(1
3

5
) 

(1
3

6
,1

3
7

) 

(138) 

(122) 

(122) 

(122) 

(122) 

(122) 

(1
3

9
) 

(1
4

0
) 

M
o

st 
o

f 
th

e
 

o
rg

a
n

ic
 

so
lv

e
n

ts w
hich a

re
 

u
sed

 
in

 e
x

tra
c
­

tio
n

 
o

f 
tra

c
e
 

e
le

m
e
n

ts w
hen 

d
ire

c
tly

 a
sp

ira
te

d
 in

to
 
th

e
 

flam
e 

re
s
u

lt 
in

 
v

e
ry

 
la

rg
e
 

b
ack

g
ro

u
n

d
 le

v
e
ls 

and 
th

u
s d

e
c
re

a
se

 
th

e
 

S
/N

 
r
a
tio

. 
O

rg
a
n

ic
 

so
lv

e
n

ts 
a
lso

 change 
th

e
 

flam
e 

c
h

a
ra

c
te

r­

is
tic

s
, 

in
c
lu

d
in

g
 

flam
e 

te
m

p
e
ra

tu
re

, 
flam

e 
sh

ap
e 

and p
o

sitio
n

 



1
2

2
 

o
f 

th
e
 
in

te
rc

o
n

a
l 

z
o

n
e
. 

T
h

ese 
p

ro
b

lem
s 

can
 b

e el:im
in

ated
 b

y
 

b
a
c
k

 
e
x

tr
a
c
tio

n
 
o

f 
e
le

m
e
n

ts 
in

to
 

aq
u

eo
u

s 
p

h
ase 

o
r 

e
v

a
p

o
ra

­

tio
n

 
o

f 
th

e
 
o

rg
a
n

ic
 

s
o

lv
e
n

t. 
In

te
rfe

re
n

c
e
s 

fro
m

 o
rg

a
n

ic
 

s
o

lv
e
n

ts
 

a
re

 
m

u
ch

 
lo

w
e
r w

ith
 

fu
rn

a
c
e
 
o

r o
th

e
r 

th
e
rm

a
l 

a
to

m
i­

z
a
tio

n
 
d

e
v

ic
e
s
 

b
e
c
a
u

se
 
th

e
 

sam
p

les 
a
re

 
d

e
so

lv
a
te

d
 
f
ir

s
t

·an
d

 

th
e
n

 
v

a
p

o
riz

e
d

, 
so

 
a
lm

o
st 

a
ll 

o
f 

th
e
 
so

lv
e
n

t 
is

 
rem

o
v

ed
 

fro
m

 

th
e
 

a
to

m
 

r
e
s
e
rv

o
ir. 

S
e
p

a
ra

t
io

n
 

b
y

 
c
o

-p
re

c
ip

ita
tio

n
 h

as 
n

o
t b

een
 u

se
d

 
a
s 

w
id

e
ly

 
·n

 
a

t
o

m
ic

 
s
p

e
c
tro

s
c
o

p
ic

 
te

c
h

n
iq

u
e
s 

a
s 

so
lv

e
n

t e
x

tra
c
­

tio
n

 
o

r 
i

o
n 

e
x

c
h

a
n

g
e
. 

O
n

ly
 

tw
o

 
ex

am
p

les 
w

ill 
b

e 
m

e
n

tio
n

e
d

 

h
e
re

. 
H

u
d

n
ik

 
e
t 

a
Z

. 
(1

4
1

) 
h

av
e 

d
e
te

rm
in

e
d

 C
d

, 
C

o
, 

C
r, 

C
u

, 

N
i 

a
n

d
 

P
b 

i
n 

m
in

e
ra

l 
w

a
te

rs 
b

y
 

fla
m

e
le

ss 
A

A
. 

T
h

e
ir 

p
ro

c
e
d

u
re

 

3+
 

is
 
b

r
ie

f
ly

 
a
s
 

fo
llo

w
s
: 

m
ix

 
th

e
 

sam
p

les 
w

ith
 

F
e 

a
s 

c
o

lle
c
-

to
r
, 

re
m

o
v

e
 co

2
, 

a
d

d
 

A
PD

C
 

an
d

 
f
ilte

r
 

th
e
 
p

re
c
ip

ita
te

. 
T

h
e 

p
r
e
c
ip

ita
te

 
is

 
th

e
n

 
d

is
s
o

lv
e
d

 
in

 d
ilu

te
 H

N
03

, 
e
v

a
p

o
ra

te
d

 to
 

d
ry

n
e
s
s
 

a
n

d
 
d

is
s
o

lv
e
d

 
in

 
a 

sm
a
ll 

v
o

lu
m

e 
o

f d
ilu

te
 H

2 so
4

• 

K
rish

n
a
m

u
rty

 
e
t 

a
Z

. 
(1

4
2

) 
h

av
e 

u
se

d
 co

2+
 
in

ste
a
d

 
o

f F
e

3+
 

an
d

 

c
a
rrie

d
 
o

u
t 

th
e
 

p
re

c
o

n
c
e
n

tra
tio

n
 o

f P
b 

an
d

 
se

v
e
ra

l 
o

th
e
r 

m
e
ta

ls
 

b
y

 
c
o

p
re

c
ip

ita
tio

n
 w

ith
 

co
b

alt-P
D

C
 

(p
y

rro
lid

in
e
d

ith
io

-

c
a
rb

a
m

a
to

)c
o

b
a
lt(III). 



1
2

3
 

C
h

ap
ter V

II. 

T
h

e 
A

n
a
ly

sis 
o

f H
y

d
ro

carb
o

n
-R

ich
 S

h
ales 

A
. 

H
is

to
ry

 
an

d
 

N
atu

re 
o

f O
il S

h
ales 

O
il 

s
h

a
le

 
is

 
an

 
in

tim
a
te

 m
ix

tu
re o

f m
in

eral m
a
tte

r an
d

 

s
o

lid
 o

rg
a
n

ic
 m

a
tte

r. 
I
t w

as 
g

en
erated

 in
 th

e
 d

is
ta

n
t p

a
st 

b
y

 
sim

u
l
ta

n
e
o

u
s 

d
e
p

o
sitio

n
 o

f o
rg

an
ic rem

ain
s 

an
d

 m
in

e
ra

l 

s
ilts

 
u

p
o

 
t
h

e
 

b
e
d

s 
o

f 
a
n

c
ie

n
t lak

es 
and 

se
a
s. 

O
ver th

e
 

in
te

r
in'i 

a
g 

s
, 

h
e
a
t 

an
d

 
p

re
ssu

re
 

from
 th

e
 accu

m
u

lated
 b

u
rd

en
 

s
o

lid
i
fie

n
 

t
h

e
 
m

a
te

ria
l 

an
d

 a
lte

re
d

 its
 ch

em
ical co

m
p

o
sitio

n
 

to
 
th

a
t 

o
f 

th
e
 
p

o
te

n
tia

l en
erg

y
 reso

u
rces w

hich a
re

 
c
a
lle

d
 

"
o

il 
sh

a
l

e
s

11 
(1

4
3

). 
D

ep
o

sits 
o

f o
il sh

ales w
ith

 d
iffe

re
n

t 

c
o

m
p

o
sitio

n
s 

a
re

 
fo

u
n

d
 

in
 m

any 
p

a
rts o

f th
e
 w

o
rld

. 
In

o
rg

a
n

ic
 

m
a
te

ria
l 

c
o

n
s
is

ts
 

m
ain

ly
 o

f c
la

y
, 

d
o

lo
m

ite, 
c
a
lc

ite
 an

d
 
iro

n
 

co
m

p
o

u
n

d
s 

(1
4

4
). 

T
h

e 
o

rg
a
n

ic
 
m

a
te

ria
l 

in
 o

il 
sh

ale decom
poses 

upon 
h

e
a
t­

in
g

 
to

 
fo

rm
 

h
y

d
ro

c
a
rb

o
n

 g
ases 

and p
etro

leu
m

 liq
u

id
s, 

w
h

ich
 

a
re

 
re

a
d

ily
 
is

o
la

te
d

 
fro

m
 th

e
 m

in
eral c

o
n

stitu
e
n

ts. 
A

ttem
p

ts 

to
 
e
x

tra
c
t 

o
il 

fro
m

 o
il 

sh
a
le

 on 
a 

la
rg

e
 
sc

a
le

 h
av

e u
tiliz

e
d

 

tw
o

 
a
p

p
ro

a
c
h

e
s, 

e
ith

e
r h

e
a
tin

g
 th

e
 sh

a
le

 
in

 a 
re

to
rt an

d
 c

o
l­

le
c
tin

g
 
o

il 
an

d
 
g

a
se

s, 
o

r in
 
s
itu

 p
ro

cessin
g

, 
w

h
ich

 c
o

n
sists 

o
f 

u
n

d
e
rg

ro
u

n
d

 
tre

a
tm

e
n

t w
ith

 steam
 and oxygen 

(1
4

5
). 

O
il 

s
h

a
le

 
te

c
h

n
o

lo
g

y
 h

as 
a 

lo
n

g
 h

isto
ry

 and it h
as 

b
een

 

know
n 

fo
r 

o
v

e
r 

1
0

0
 
y

e
a
rs. 

R
esearch

 on 
th

e
 p

ro
d

u
ctio

n
 o

f o
il 

fro
m

 
o

il 
s
h

a
le

 
h

a
s 

b
een

 
co

n
d

u
cted

 sin
c
e
 th

e
 d

isco
v

ery
 o

f 

th
is

 
re

s
o

u
rc

e
. 

H
o

w
ev

er, 
a 

cornrnerical p
ro

d
u

ctio
n

 o
f 

th
e
se

 

ty
p

e
s 

o
f 

fu
e
ls

 
in

 
am

o
u

n
ts 

an
d

 
a
t a 

p
ric

e
 co

m
p

atib
le w

ith
 



tra
d

itio
n

a
l 

so
u

rc
e
s 

o
f 

fu
e
ls 

h
as n

ev
er been acco

m
p

lish
ed

. 

B
ecau

se 
o

f 
th

e
 en

erg
y

 an
d

 m
in

eral 
sh

o
rtag

e, 
th

e
 d

ev
elo

p
m

en
t 1

2
4

 

o
f 

th
is

 
ty

p
e
 
o

f 
fu

e
l 

now
 

ap
p

ears 
fav

o
rab

le 
(1

4
6

). 
T

h
ere 

a
re

 

som
e 

in
te

re
s
tin

g
 
s
ta

tis
tic

s
 

reg
ard

in
g

 o
il 

sh
a
le

s 
in

 th
e
 

lite
ra

tu
re

. 
I
t 

is
 
e
stim

a
te

d
 th

a
t th

e w
orld sh

a
le

 o
il 

re
so

u
rc

e
s 

a
re

 
a
b

o
u

t 
2

.1
 
q

u
a
d

rillio
n

 b
a
rre

ls, 
w

hich 
is

 
s
u

ffi­

c
ie

n
t 

fo
r 

se
v

e
r.a

l 
life

tim
e
s o

f sp
ace h

eatin
g

 and illu
m

in
a
tio

n
 

(1
4

5
). 

T
h

e 
to

ta
l 

o
il 

sh
a
le

 d
e
p

o
sits 

in
 th

e U
n

ited
 S

ta
te

s 

c
o

n
ta

in 
a 

4
2

,0
0

0
 

y
e
a
r 

su
p

p
ly

 o
f p

etro
lem

 e
q

u
iv

a
le

n
t 

(1
4

5
). 

I
t 

is
 

s
tim

a
te

d
 th

a
t t~

e
 o

il p
ro

d
u

ctio
n

 from
 o

il 
sh

a
le

 w
ill 

b
e 

7
5

0
,00 

b
a
rre

ls
 

a 
d

ay
 by 1

9
9

0
, 

and 
th

e m
ost o

p
tim

istic
 

p
ro

je
c
tio

n
 
p

o
s
tu

la
te

s
 

a 
p

ro
d

u
ctio

n
 o

f 2
.5

 m
illio

n
 b

a
rre

ls 
a 

d
ay

 
b

y
 

1
9

9
0

 
(1

4
7

). 
T

he 
reco

v
erab

le sh
ale o

il m
ay 

v
ary

 
from

 

1
0

-8
0

 
g

a
llo

n
s
 
p

e
r 

to
n

 o
f o

il 
sh

a
le

. 
O

il 
sh

a
le

s 
from

 
som

e 

a
re

a
s 

o
f 

K
an

sas 
h

av
e 

ab
o

u
t 15 g

allo
n

s· o
f o

il p
er to

n
 o

f sh
a
le

. 

B
e
fo

re
 
th

is
 

so
u

rc
e
 o

f en
erg

y
 com

es 
in

to
 c

o
n

sid
e
ra

tio
n

 

a
s 

a 
m

a
jo

r 
fu

e
l 

so
u

rc
e
, 

th
e
re

 
a
re

 o
th

e
r asp

ects 
th

a
t n

eed
 to

 

b
e 

c
o

n
sid

e
re

d
. 

F
a
c
to

rs 
su

ch
 

as 
en

v
iro

n
m

en
tal 

c
o

n
sid

e
ra

tio
n

s, 

th
e
 

m
axim

um
 
re

c
o

v
e
ry

 o
f 

fu
e
l 

p
ro

d
u

cts
-an

d
, 

p
ro

b
ab

ly
,reco

v
ery

 

o
f 

som
e 

a
s
s
o

c
ia

te
d

 m
in

e
ra

ls. 
Som

e 
o

il sh
a
le

s have 
a 

h
ig

h
 

c
o

n
c
e
n

tra
tio

n
 o

f o
th

e
rw

ise
 m

in
o

r and tra
c
e
 elem

en
ts, 

som
e 

o
f 

w
h

ich
 

h
a
v

e
 
p

o
te

n
tia

l 
eco

n
o

m
ic v

alu
e. 

C
o

n
cen

tratio
n

s o
f M

o, 

S
r, 

B
, 

L
i, 

Z
n

, 
C

d
, 

A
s, 

P
b

, u, 
S

e 
and 

som
e 

o
th

e
r elem

en
ts 

a
re

 

m
uch 

la
rg

e
r 

th
a
n

 
th

e
 

av
erag

e 
abundance 

in
 th

e
 e

a
rth

's c
ru

st 

(1
4

8
-1

5
0

). 
T

h
u

s, 
i
t
 m

ay 
b

e v
alu

ab
le to

 e
x

tra
c
t som

e 
o

f th
e
se

 

e
le

m
e
n

ts 
fro

m
 
th

e
 

sp
e
n

t sh
a
le

. 
E

x
tractio

n
 o

f U
 and A

l 
h

as 
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b
e
e
n

 
a
c
h

ie
v

e
d

 
b

y
 

som
e w

o
rk

ers 
(1

4
4

,1
4

5
). 

Som
e 

o
il 

sh
a
le

s 
in

 

K
an

sas 
c
o

n
ta

in
 
n

o
d

u
le

s 
h

ig
h

 
in

 phosphate and th
ey

 a
lso

 m
ay 

h
av

e 

a 
s
ig

n
ific

a
n

t 
u

ran
iu

m
 c

o
n

te
n

t. 

E
n

v
iro

n
m

e
n

ta
l 

e
ffe

c
ts

 
in

clu
d

in
g

 a
ir, 

w
ater, 

and 
so

lid
 

w
a
ste

 
p

o
llu

tio
n

 
a
re

 
v

e
ry

 
i~

p
o

rta
n

t and m
ust b

e co
n

sid
ered

 

v
e
ry

 
c
a
re

fu
lly

, 
b

e
c
a
u

se
 o

f th
e
 v

ery
 la

rg
e
 volum

e 
o

f m
a
te

ria
l 

th
a
t w

ill 
h

a
v

e
 
to

 
b

e 
p

ro
c
e
sse

d
. 

w
nen 

o
il 

sh
a
le

s 
a
re

 p
ro

c
e
sse

d
 

a
t 

h
ig

h 
t

e
m

pe
ra

tu
re

 
b

y
 
re

to
rtin

g
, 

th
e
re

 
is

 
a 

h
ig

h
 p

o
s
s
ib

ility
 

th
a
t 

som
e 

o
f 

th
e
 

to
x

ic
 

elem
en

ts w
ill be v

o
la

tiliz
e
d

 in
to

 
th

e
 

atm
o

sp
h

e
r 

o
r 

le
a
c
h

e
d

 in
to

 th
e
 ground w

aters 
(1

5
1

). 
T

h
ere­

fo
re

, 
i

t 
is

 
n

e
c
e
ssa

ry
 to

 m
easu

re th
e elem

en
tal c

o
n

c
e
n

tra
tio

n
 

o
f 

o
il 

s
h

a
le 

b
e
fo

re
 

an
y

 
p

ro
c
e
ss h

as been p
erfo

rm
ed

. 

D
iffe

re
n

t 
te

c
h

n
iq

u
e
s 

h
av

e b
een

 u
sed

 fo
r m

ajo
r, 

m
in

o
r 

and 

tra
c
e
 

e
le

m
e
n

ts 
in

 o
il 

sh
a
le

s. 
M

ost w
ork 

is
 done u

sin
g

 ato
m

ic 

a
b

s
o

rp
tio

n
, 

x
-ra

y
 

flu
o

re
sc

e
n

c
e
, 

n
eu

tro
n

 a
c
tiv

a
tio

n
 a

n
a
ly

sis 

o
r 

o
p

tic
a
l 

e
m

issio
n

 
sp

e
c
tro

sc
o

p
y

. 

In
 
th

is
 

stu
d

y
 
fiv

e
 
d

iffe
re

n
t K

ansas 
sh

a
le

s w
ere u

sed
 
fo

r 

th
e
 
a
n

a
ly

s
is

. 
T

h
ese 

sam
p

les w
ere o

b
tain

ed
 

from
 D

r. 
H

athaw
ay 

o
f 

th
e
 

K
an

sas 
G

e
o

lo
g

ic
a
l 

S
u

rv
ey

 and in
clu

d
e N

in
n

escah
 

(red
 

s
h

a
le

), 
H

e
e
b

n
e
r 

(b
la

c
k

 
sh

a
le

), 
H

eurnader 
(g

ray
 
sh

a
le

), 
E

u
d

o
ra 

(b
la

c
k

 
sh

a
le

) 
an

d
 H

eeb
n

er 
(b

lack
 sh

ale N
o. 

2
, 

o
b

ta
in

e
d

 as 

la
rg

e
 
p

ie
c
e
s
). 

A
m

ong 
th

e
se

·sh
a
le

s o
n

ly
 E

udora b
lack

 sh
a
le

 

an
d

 
H

e
e
b

n
e
r 

b
la

c
k

 
sh

a
le

s h
av

e 
a 

co
n

sid
erab

le 
am

ount o
f 

o
rg

a
n

ic
 m

a
tte

r 
an

d
 m

ay 
b

e 
co

n
sid

ered
 as 

h
y

d
ro

carb
o

n
-rich

 

b
la

c
k

 
s
h

a
le

s
. 

T
h

e 
N

in
n

escah
 
sh

a
le

 
is

 
a 

sh
a
le

 
from

 
an o

x
id

iz
­

in
g

 
e
n

v
iro

n
m

e
n

t, 
w

h
ereas 

th
e
 
o

th
e
rs re

p
re

se
n

t v
ary

in
g

 d
eg

rees 

o
f 

re
d

u
c
in

g
 

e
n

v
iro

n
m

e
n

ts. 
T

o 
g

e
t a 

ro
u

g
h

 e
stim

a
te

 o
f th

e
 



1
2

6
 

p
e
rc

e
n

ta
g

e
 
o

f o
rg

a
n

ic
 m

a
tte

r, 
th

e
 lo

ss on 
ig

n
itio

n
 in

 th
e
 

a
sh

­

in
g

 
p

ro
c
e
ss 

(se
e
 
n

e
x

t 
se

c
tio

n
) 

m
ay 

be co
n

sid
ered

. 
T

h
is 

a
lso

 

in
c
o

rp
o

ra
te

s
 

lo
s
s
 
o

f 
co

2 
from

 C
aco

3
, 

H
2 o 

from
 
sh

a
le

s, 
e
tc

. 

T
h

e 
ig

n
itio

n
 
lo

s
s
 

w
hen 

sam
p

les 
are h

eated
 up 

to
 

500° 
c 

is
 

show
n 

in
 
T

a
b

le
 

4
. 

T
he 

E
u

d
o

ra and H
eebner 

sh
a
le

s 
show

 
re

la
­

tiv
e
ly

 
la

rg
e
 
v

a
lu

e
s, 

in
d

ic
a
tin

g
 a 

h
ig

h
 c

o
n

c
e
n

tra
tio

n
 o

f 

o
rg

a
n

ic
 

m
a
tte

r
. 

T
ab

le 
4 

%
 L

o
ss 

S
am

p
le 

N
o~ 

S
am

p
le nam

e 
and 

ty
p

e 
(ap

p
ro

x
. 

v
alu

es) 

1 
N

in
n

escah
 

red
 

3 

2 
H

eeb
n

er b
lack

 
21 

3 
H

eurnader 
g

ray
 

s.s 

4 
E

u
d

o
ra b

la
c
k

 
30 

5 
H

eeb
n

er b
lack

 N
o. 

2 
22 

B
. 

S
am

p
le 

P
re

p
a
ra

tio
n

 M
ethods 

A
to

m
ic 

sp
e
c
tro

sc
o

p
ic

 m
ethods 

u
su

ally
 re

q
u

ire
 
th

e
 

sam
p

le 

to
 

b
e
 
in

 
th

e
 

fo
rm

 
o

f 
a 

so
lu

tio
n

. 
T

here a
re

 d
iffe

re
n

t w
ays 

to
 

s
o

lu
b

iliz
e
 
th

e
 

sam
p

le. 
S

e
le

c
tio

n
 o

f a 
p

a
rtic

u
la

r m
ethod 

o
f 

d
is

s
o

lu
tio

n
 

an
d

.d
eco

m
p

o
sitio

n
 depends on v

ario
u

s 
fa

c
to

rs 
su

ch
 

a
s 

ty
p

e
 
o

f 
sa

m
p

le
, 

sp
e
c
ie

s 
o

f in
te

re
st, 

and m
ethod o

f a
n

a
ly

sis. 

Som
e 

sa
m

p
le

s 
su

c
h

 
a
s 

o
il 

sh
a
le

s 
have 

an ap
p

reciab
le am

ount 

o
f 

o
rg

a
n

ic
 
m

a
tte

r w
h

ich
 

sh
o

u
ld

 b
e decom

posed b
efo

re 
any o

th
e
r 

tre
a
tm

e
n

t. 
T

h
is 

fa
c
ilita

te
s
 

th
e
 d

isso
lu

tio
n

 and red
u

ces 



in
te

rfe
re

n
c
e
s
. 

T
he 

te
c
h

n
iq

u
e
 u

su
ally

 em
ployed 

is
 
h

e
a
tin

g
 

th
e
 

sa
m

p
le

 
g

ra
d

u
a
lly

 
up 

to
 

500° 
C

in
a
 p

latin
u

m
 o

r s
ilic

a
 

d
is

h
 
fo

r 
a
t 

le
a
s
t 10 

h
o

u
rs 

in
 open a

ir. 
H

ow
ever, 

in
 th

e
 

d
e
te

rm
in

a
tio

n
 
o

f 
v

o
la

tile
 

elem
en

ts 
such as A

s, 
S

b
, 

H
g 

an
d
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S
e
, 

th
e
re

 
is

 
th

e
 

d
a
n

g
e
r o

f lo
ss o

f th
e a

n
a
ly

te
 upon 

h
e
a
tin

g
. 

In
 
th

is
 

c
a
se

 
th

e
 
o

rg
a
n

ic
 m

a
tte

r can
 be decom

posed 
by 

tre
a
t-

in
g

 
th

e
 

sa
m

p
le

s 
w

ith
 
stro

n
g

 o
x

id
izin

g
 ag

en
ts. 

If th
e
 

decom
­

p
o

s
itio

n 
p

ro
c
e
d

u
re

 
is

 
p

erfo
rm

ed
 a

t re
la

tiv
e
ly

 low
 tem

p
era­

tu
re

-u
n· e

r 
c
a
re

fu
lly

 c
o

n
tro

lle
d

 c
o

n
d

itio
n

s, 
lo

ss o
f v

o
la

­

tile
 

e
l 

m
e
n
ts

 
c
a
n

 
b

e 
m

in
im

ized
. 

A
n 

e
ffe

c
tiv

e
 w

ay 
o

f d
isso

­

lu
tio

n
 
is

 
t

h
e
 

u
se

 
o

f th
e
 
te

flo
n

 bom
b 

tech
n

iq
u

e, 
w

hich p
re

v
e
n

ts 

th
e
 
lo

s
s 

o
f 

v
o

la
tile

 
e
le

m
e
n

ts. 
T

h
is m

ethod 
is

 
b

ased
 o

n
 

d
e
c
o

m
p

o
sitio

n
 o

f 
th

e
 

sam
p

le w
ith

 H
F 

u
n

d
er p

re
ssu

re
 

{1
5

2
). 

U
su

a
lly

 
d

is
s
o

lu
tio

n
 o

f 
sam

p
les 

co
n

tain
in

g
 silic

o
n

 as 
a 

m
a
jo

r 
c
o

n
s
titu

e
n

t h
a
s 

b
een

 ach
iev

ed
 e

ith
e
r by 

fu
sio

n
 w

ith
 

a 

flu
x

 
o

r b
y

 
a
c
id

 
d

ig
e
stio

n
. 

In
 th

e
 

fu
sio

n
 m

ethods d
iffe

re
n

t 

flu
x

e
s 

h
a
v

e
 

b
e
e
n

 u
se

d
. 

A
lk

a
li 

flu
x

es 
su

ch
 as N

a2 co
3

, 
N

a2 o
2

, 

K
2 co

3 
o

r 
N

a
2

B
4 o

7 
h

av
e 

b
een

 u
sed

 e
x

te
n

siv
e
ly

 in
 d

eco
m

p
o

sitio
n

. 

o
f 

s
ilic

a
te

s
. 

T
h

e 
d

isa
d

v
a
n

ta
g

e
 o

f th
e
se

 
flu

x
es 

is
 

co
n

tam
i­

n
a
tio

n
 
o

f 
th

e
 

sam
p

les 
w

ith
.la

rg
e
 ex

cesses o
f N

a 
and K

 w
h

ich
 

u
s
u

a
lly

 
re

q
u

ire
 

d
e
te

rm
in

a
tio

n
 th

em
selv

es. 
In

tro
d

u
cin

g
 th

e
se

 

e
le

m
e
n

ts 
in

 h
ig

h
 
c
o

n
c
e
n

tra
tio

n
 in

to
 

th
e 

sam
p

le m
ay 

cau
se 

in
te

rfe
re

n
c
e
s
 
in

 d
e
te

rm
in

a
tio

n
 o

f som
e 

elem
en

ts. 
L

ith
iu

m
 

te
tra

b
o

ra
te

 
h

a
s 

b
een

 
su

g
g

e
ste

d
 as 

a 
flu

x
 
fo

r d
eco

m
p

o
sitio

n
 

o
f 

sa
m

p
le

s 
{

1
5

3
). 

In
g

a
m

e
lls 

{154) 
h

as p
ro

p
o

sed
 d

eco
m

p
o

sitio
n

 

w
ith

 
lith

iu
m

 m
e
ta

b
o

ra
te

 
{L

iB
0

2
). 

F
u

sio
n

s w
ith

 L
iB

0
2 a

re
 



1
2

8
 

c
a
rrie

d
 o

u
t 

in
 
p

la
tin

u
m

 o
r g

ra
p

h
ite

 v
e
sse

ls. 
T

h
is m

ethod 

h
a
s 

b
e
e
n

 
u

se
d

 
e
x

te
n

siv
e
ly

 in
 ato

m
ic sp

ectro
sco

p
y

 by d
iffe

r­

e
n

t w
o

rk
e
rs 

(1
5

5
-1

5
7

). 
B

isk
u

p
sk

y
 

(158) 
h

as 
p

ro
p

o
sed

 a 
com

­

b
in

a
tio

n
 
o

f 
b

o
ric

 
a
c
id

 
an

d
 lith

iu
m

 flu
o

rid
e
 

fo
r d

eco
m

p
o

sitio
n

 

o
f 

s
ilic

a
te

s
. 

T
h

is 
is

 
a 

good w
ay 

o
f rem

oving S
i 

in
 som

e 

c
a
se

s 
w

h
en

 
i
t
 
in

te
rfe

re
s
 w

ith
 o

th
e
r elem

en
ts. 

In
 g

e
n

e
ra

l, 

L
iB

0
2 

s
e

em
s 

to
 

b
e 

su
p

e
rio

r to
 th

e
 o

th
e
r a

lk
a
li 

flu
x

es 
b

ecau
se 

o
f 

its
 

a
b

il
i
ty

 
to

 
decom

pose 
re

sista
n

t m
in

erals, 
p

rev
en

tio
n

 

o
f 

co
n

t 
i

1
a
tio

n
 
o

f 
th

e
 

sam
p

les w
ith

 elem
en

ts 
su

ch
 as N

a 
an

d
 

K
, 

an
d

 
re

 
uc

tio
n

 
o

f co
n

tam
in

atio
n

 o
f th

e sam
ple w

ith
 th

e
 

c
ru

c
ib

l
e 

a
n

d 
th

e
 
c
ru

c
ib

le
 w

ith
 th

e sam
ple m

a
te

ria
ls. 

F
u

sio
n

 

m
eth

o
d

s
, 

in
 
s
p

ite
 
o

f 
se

v
e
ra

l 
ad

v
an

tag
es, 

have 
a 

lim
ita

tio
n

 

in
 
th

e
 
d

e
te

rm
in

a
tio

n
 o

f v
o

la
tile

 tra
c
e
 elem

en
ts w

hich 
a
re

 

lo
s
t 

in
 
to

ta
l 

o
r 

in
 p

a
rt d

u
rin

g
 th

e
 fu

sio
n

 p
ro

c
e
ss. 

T
h

is 

lim
ita

tio
n

 
c
a
n

 b
e 

se
v

e
re

 
fo

r 
sam

ples o
f h

ig
h

 o
rg

an
ic c

o
n

te
n

t 

su
c
h

 
a
s 

o
il 

s
h

a
le

s
. 

A
cid

 
d

ig
e
s
tio

n
s
 

a
re

 e
ffe

c
tiv

e
 in

 d
isso

lu
tio

n
 o

f th
e
 
o

il 

s
h

a
le

s
. 

F
o

r 
co

m
p

lete 
d

isso
lu

tio
n

 o
f sam

p
les, 

H
F 

is
 n

ecessary
 

b
e
c
a
u

se
 
o

f 
h

ig
h

 
s
ilic

a
 c

o
n

te
n

t. 
O

x
id

izin
g

 c
o

n
d

itio
n

s m
u

st 

b
e

·m
a
in

ta
in

e
d

 
to

 
rem

o
v

e 
th

e
 o

rg
an

ic m
atrix

 and p
rev

en
t lo

ss 

o
f 

som
e 

e
le

m
e
n

ts. 
H

N
03

, 
H

2 so
4 

and HC1O
4 a

re
 u

su
a
lly

 u
sed

. 

T
w

o 
d

iffe
re

n
t m

eth
o

d
s w

ere u
sed

 fo
r 

th
e
 
d

isso
lu

tio
n

 o
f 

th
e
 

sa
m

p
le

s 
in

 
th

is
 
a
n

a
ly

sis, 
fu

sio
n

 and a
c
id

 d
ig

e
stio

n
. 

A
sh

ed
 

sa
m

p
le

s 
w

ere o
b

ta
in

e
d

 by h
eatin

g
 carb

o
n

aceo
u

s 
sh

a
le

s 

u
p

 
to

 
5

0
0

° c 
fo

r 
a
b

o
u

t 10 
h

rs. 
in

 open a
ir. 

A
shed 

sam
p

les 

c
a
n

 
b

e
 

u
se

d
 
fo

r 
th

e
 

d
e
te

rm
in

a
tio

n
 o

f n
o

n
-v

o
la

tile
 elem

en
ts 
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su
c
h

 
a
s 

F
e
, 

A
l, 

C
a, 

M
g, 

N
a, 

K
, 

S
i, 

M
n, 

C
o, 

N
i, 

C
u, 

M
o, 

S
r, 

B
a 

an
d

 v. 
F

o
r 

v
o

la
tile

 
elem

en
ts 

su
ch

 as A
s, 

S
b

, 
se

 and 
H

g, 
raw

 

sa
m

p
le

s 
sh

o
u

ld
 

b
e 

u
se

d
 an

d
 th

e
 m

ethod o
f ch

o
ice 

fo
r d

isso
lu

­

tio
n

 
is

 
a
c
id

 
d

ig
e
stio

n
 a

t 
low

 tem
p

eratu
res. 

0
. 2

-0
. 3 

_g 
o

f 
ash

ed
 

sam
p

le w
as 

w
eighed e

x
a
c
tly

 an
d

 tra
n

s­

fe
rre

d
 
in

to
 

a 
p

la
tin

u
m

 d
ish

 
fo

r acid
 d

ig
e
stio

n
. 

1
0

 m
L 

1
:1

 

HNO
3 

a
n

d
 

4 
rnL 

H
F 

w
ere 

ad
d

ed
 
to

 
th

e 
sam

ple 
and 

it w
as 

allo
w

ed
 

to
 
s
ta

n
d

 
o

v
e
rn

ig
h

t. 
T

hen 
4 m

L 
o

f H
C

lo
4 w

as 
added and 

th
e
 
so

lu
­

tio
n

 w
a

s 
fum

e
d

 
to

 
n

e
a
r d

ry
n

e
ss. 

2 m
L 

o
f H

C
lO

 4 w
as 

ad
d

ed
 and 

a
g

a
in

 
th

e
 

.-c
id

 w
as 

fum
ed o

ff 
to

 n
ear d

ry
n

ess. 
T

he 
re

sid
u

e
 

w
as 

d
is

s
o

l~
e

d 
in

 
a
b

o
u

t 
1

0
 m

L 
o

f d
is

tille
d

 w
ater c

o
n

ta
in

in
g

 

2 
m

L
 

o
f 

c
o

n
e
. 

H
C

l 
an

d
 
d

ig
e
ste

d
 fo

r 1
/2

 h
r. 

on 
a 

h
o

t p
la

te
. 

T
he 

sam
p
le

 
w

as 
th

e
n

 tra
n

sfe
rre

d
 in

to
 a 

1
0

0
 

m
L v

o
lu

m
etric 

fla
s
k

 
a
n

d
 d

ilu
te

d
 w

ith
 d

is
tille

d
 w

ater. 

F
u

sio
n

 
o

f 
th

e
 

sam
p

les w
as 

c
a
rrie

d
 o

u
t u

sin
g

 L
iB

O
2

. 
0

.2
-

0
. 3 

g 
o

f 
th

e
 

fin
e
ly

 
g

ro
u

n
d

 
sam

p
le 

(d
ried

 a
t 1

0
5

° 
C) 

w
as 

w
eig

h
ed

 

o
u

t 
a
n

d
 
m

ix
e
d

 w
ith

 
1 

g 
L

iB
O

2 
in

 a 
g

ra
p

h
ite

 c
ru

c
ib

le
 

(p
latin

u
m

 

c
ru

c
ib

le
s
 

a
ls

o
 

c
a
n

 
b

e u
sed

) . 
T

he m
ix

tu
re w

as 
fu

sed
 
in

 a 

fu
rn

a
c
e
 
a
t 

9
0

0
° 

C
 fo

r 
ab

o
u

t 
20 

m
in

u
tes. 

T
he 

c
ru

c
ib

le
 w

as 

sw
irle

d
 
g

e
n

tly
 
to

 
b

rin
g

 th
e
 m

elt from
 th

e
 w

alls 
to

 
th

e
 b

o
tto

m
 

o
f th

e
 
c
ru

c
ib

le
 

an
d

 
th

e
n

 
i
t
 w

as 
fu

sed
 

fo
r 

1
0

 m
ore m

in
u

tes. 

T
he 

m
e
lt w

as 
tra

n
s
fe

rre
d

 in
to

 a 
b

eak
er co

n
tain

in
g

 
50 

m
L 

o
f 

d
is

tille
d

 w
a
te

r 
in

to
 

w
h

ich
 

5 m
L 

o
f co

n
e. 

H
C

l 
had b

een
 ad

d
ed

. 

T
he 

s
o

lu
tio

n
 

w
as 

s
tirre

d
 w

ith
 

a 
m

ag
n

etic 
s
tirre

r u
n

til a
ll 

th
e
 
m

a
te

ria
l 

d
isso

lv
e
d

 
an

d
 

th
e
n

 it w
as 

d
ilu

te
d

 to
 

1
0

0
 

m
L 

in
 

a 
v

o
lu

m
e
tric

 
fla

s
k

. 
T

he 
p

ro
ced

u
re w

as 
c
a
rrie

d
 o

u
t fo

r 
a
ll 

th
e
 

sa
m

p
le

s 
an

d
 
a
ls

o
 

a 
b

la
n

k
 

sam
p

le w
as 

p
rep

ared
 by 

fu
sio

n
 o

f 
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1 
g 

L
iB

O
2 

fo
llo

w
in

g
 

th
e
 

sam
e 

p
ro

ced
u

re. 

P
re

p
a
ra

tio
n

 
o

f 
S

to
c
k

 
S

o
lu

tio
n

s: 

M
eth

o
d

s 
fo

r 
p

re
p

a
ra

tio
n

 o
f 1000 m

g/L
 

sto
ck

 so
lu

tio
n

s 

a
re

 
d

e
s
c
rib

e
d

 
in

 T
ab

le 
5. 

T
hese 

so
lu

tio
n

s w
ere 

sto
re

d
 in

 

p
o

ly
e
th

y
le

n
e
 
c
o

n
ta

in
e
rs. 

A
ll 

th
e stan

d
ard

 so
lu

tio
n

s u
sed

 
fo

r 

A
E 

an
d

 
A

A
 

m
easu

rem
en

ts w
ere m

ade 
by 

ap
p

ro
p

riate d
ilu

tio
n

s o
f 

th
e
se

 
s
o

lu
t
io

n
s
. 

F
o

r 
IC

P 
a
n

a
ly

sis 
stan

d
ard

 so
lu

tio
n

s w
ere 

m
ade 

fr
om

 
e

a
g

e
n

t 
g

ra
d

e
 1000 ppm

 
stan

d
ard

 so
lu

tio
n

s w
h

ich
 

a
re

 
co

nune 
i
a
lly

 
a
v

a
ila

b
le

 
(F

ish
er S

c
ie

n
tific

 C
om

pany). 

A
lu

m
in

u
m

 

A
rse

n
ic

 

B
ariu

m
 

C
a
lc

iu
m

 

C
adm

ium
 

T
ab

le 
5

. 

D
isso

lv
e 1 g o

f A
l 

m
etal 

fo
il 

in
 

. 

25 
m

L 
co

n
e. 

H
C

l 
to

 w
hich a 

few
 

d
ro

p
s 

o
f co

n
e. 

H
N

03 have b
een

 ad
d

ed
. 

D
ilu

te
 to

 1 lite
r. 

D
isso

lv
e 1

.3
2

0
 g A

s2 o
3 in

 50 
m

L 

co
n

e. 
H

C
l. 

D
ilu

te to
 

l 
lite

r. 

D
isso

lv
e 1

.7
7

9
 g B

aC
1

2
·2

 H
2 o in

 

d
eio

n
ized

 w
ater, 

add a
-few

 d
ro

p
s 

o
f 

co
n

e. 
H

C
l 

and d
ilu

te
 
to

 1 
lite

r. 

D
ry 

C
aco3 

24 
h

ou
rs 

a
t 

85° 
C

. 
P

u
t 

2
.4

9
8

 
g in

to
 

300 m
L 

H
2 o. 

A
dd 

10 m
L 

co
n

e. 
H

C
l 

d
ro

p
w

ise. 
D

ilu
te to

 l· lite
r. 

D
isso

lv
e 1 

g C
d m

etal 
in

 10 
m

L 
co

n
e. 

HNO
3

. 
D

ilu
te to

 1 
lite

r. 



C
h

ro
m

iu
m

 

C
o

p
p

e
r 

Iro
n

 

M
a
g

n
e

s
iu

m
 

M
a 

q
·n

e
se

 

N
ic

k
e
l 

L
ead

 

S
tro

n
tiu

m
 

V
an

ad
iu

m
 

Z
in

c
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D
isso

lv
e 

2
.8

2
9

0
 

g 
K

2 c
r2 o

7 
in

 d
e
io

n
­

iz
e
d

 w
ater. 

D
ilu

te to
 1 

lite
r. 

D
isso

lv
e 1 

g Cu m
etal 

in
 a m

inim
um

 

volum
e 

(1:1) 
HNO

3
. 

D
ilu

te to
 1 

lite
r. 

D
isso

lv
e 1 g Fe m

etal 
in

 10 m
L 

co
n

e. 

H
C

l 
w

ith
 g

en
tle h

e
a
t. 

D
ilu

te
 to

 1 

lite
r. 

D
isso

lv
e 1 g M

g 
rib

b
o

n
 
in

 a 
m

inim
um

 

volum
e 

(1:1) 
H

C
l. 

D
ilu

te
 to

 1 
lite

r. 

D
isso

lv
e 1 g M

n m
etal 

in
 10 

m
L 

co
n

e. 

H
C

l. 
D

ilu
te to

 1 
lite

r. 

D
isso

lv
e 1 g N

i 
m

etal 
in

 10 
m

L co
n

e. 

HNO
3 w

ith
 g

en
tle h

e
a
t. 

D
ilu

te
 to

 

1 
lite

r. 

D
isso

lv
e 1.5985 g 

Pb(N
O

3
)2 in

 d
e
io

n
­

iz
e
d

 w
ater, 

add a 
few

 
d

ro
p

s 
o

f HNO
3

. 

D
ilu

te
 to

 1 
lite

r. 

D
isso

lv
e 

2.4155 g 
Sr(N

O
3

)2 
in

 d
eio

n
­

iz
e
d

 w
ater, 

add 
a 

few
 

d
ro

p
s 

o
f HNO

3
. 

D
ilu

te
 to

 1 lite
r. 

D
isso

lv
e 1 g V

 m
etal 

in
 a m

inim
um

 

volum
e o

f HNO
3

. 
D

ilu
te to

 1 
lite

r. 

D
isso

lv
e 1 g 

Zn m
etal 

in
 10 

m
L co

n
e. 

H
C

l. 
D

ilu
te to

 1 
lite

r. 

A
ll 

c
h

e
m

ic
a
l 

com
pounds 

u
sed

 in
 m

aking th
e
se

 
stan

d
ard

 

s
o

lu
tio

n
s
 

w
ere 

re
a
g

e
n

t 
g

ra
d

e
. 

H
ow

ever, 
th

e 
co

n
cen

tratio
n

s o
f 



1
3

2
 

som
e 

o
f 

th
e
s
e
 

sta
n

d
a
rd

s m
ay 

be slig
h

tly
 le

ss th
an

 1000 
ppm

 

d
u

e 
to

 
th

e
 

im
p

u
rity

 o
f 

th
e
 m

etals, 
e
sp

e
c
ia

lly
 M

g, 
Zn 

and A
l. 

c. 
E

le
m

e
n

ta
l 

A
n

a
ly

sis 
and N

ecessary
 P

retreatm
en

ts 

A
to

m
ic 

sp
e
c
tro

sc
o

p
ic

 
tech

n
iq

u
es have 

found ra
p

id
 a

c
c
e
p

t­

an
ce 

in
 
th

e
 
a
n

a
ly

s
is

 
o

f g
eo

ch
em

ical m
a
te

ria
ls. 

I
t is

 p
o

ssib
le

 

to
 
a
n

a
ly

ze 
th

e
 

m
o

st 
im

p
o

rta
n

t com
ponents o

f 
th

ese m
a
te

ria
ls 

d
ire

c
_t
l

y 
o

r 
in

d
ire

c
tly

 w
ith

 su
ffic

ie
n

t se
n

sitiv
ity

 and v
ery

 

g
o

o
d

 
p

re
c
i. ·o

n
. 

T
h

ere 
a
re

 m
any 

problem
s 

th
a
t m

ust be tak
en

 

in
to

 
c
o
n

s
i • -r

a
tio

n
 
p

rio
r to

 
a
n

a
ly

sis. 
T

he 
p

u
rp

o
se o

f th
is

 

s
e
c
tio

n
 
is

 
co 

d
e
a
l 

w
ith

 
th

e
 
d

iffic
u

ltie
s 

in
 th

e a
n

a
ly

sis 
o

f 

g
eo

ch
em

ic
a
l 

m
a
te

ria
ls

, 
e
sp

e
c
ia

lly
 sh

a
le

s, 
in

 term
s 

o
f p

o
ssib

le
 

m
a
trix

 
in

te
rfe

re
n

c
e
s
 

an
d

 m
ethods 

th
a
t sh

o
u

ld
 be u

tiliz
e
d

 to
 

e
lim

in
a
te

 
som

e 
o

f 
th

e
se

 
p

ro
b

lem
s. 

1
. 

P
o

s
s
ib

le
 

In
te

rfe
re

n
c
e
s 

T
y

p
ic

a
l 

m
in

e
ra

lo
g

ic
a
l 

a
n

a
ly

sis 
o

f sh
a
le

s 
h

as 
show

n 

th
a
t 

th
e
 

in
o

rg
a
n

ic
 m

a
te

ria
l 

is
 

com
posed m

ain
ly

 o
f c

la
y

, 

s
ilic

a
, 

c
a
lc

ite
, 

d
o

lo
m

ite
 

and 
iro

n
 com

pounds. 
T

hus 
th

e
re

 
a
re

 

h
ig

h
 
c
o

n
c
e
n

tra
tio

n
s
 
o

f S
i, 

A
l, 

C
a, 

M
g, 

and Fe 
and 

it is
 
to

 
be 

e
x

p
e
c
te

d
 
th

a
t 

s
u

lfu
r an

d
 p

h
o

sp
h

o
ro

u
s m

ay 
a
lso

 reach
 a

p
p

re
c
i­

a
b

le
 
c
o

n
c
e
n

tra
tio

n
 
le

v
e
ls 

in
 

som
e 

sh
a
le

s. 
T

hese c
o

n
stitu

e
n

ts 

can
 
c
a
u

se
 

se
v

e
re

 
in

te
rfe

re
n

c
e
s 

in
 th

e 
a
n

a
ly

sis. 
In

 C
h

ap
ter 

IV
 
d

iffe
re

n
t 

ty
p

e
s 

o
f 

in
te

rfe
re

n
c
e
s w

ere d
iscu

ssed
 and h

ere 

o
n

ly
 
th

e
 
e
ffe

c
t o

f 
th

e
 

sam
p

le m
atrix

 on th
e
 elem

en
ts 

to
 be 

m
easu

red
 
is

 
d

isc
u

sse
d

. 

S
u

lfa
te

, 
p

h
o

sp
h

a
te

, 
s
ilic

a
te

 
and 

alum
inum

 
(alu

m
in

ate) 
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in
te

rfe
re

 w
ith

 
th

e
 m

easu
rem

en
t o

f a
lk

a
lin

e
 e

a
rth

 elem
en

ts. 

T
h

is 
h

a
s 

b
e
e
n

 
v

e
rifie

d
 by m

any 
w

o
rk

ers 
(see C

h
ap

ter IV
). 

D
iffe

re
n

t m
eth

o
d

s 
a
re

 
u

sed
 

fo
r 

th
e elim

in
atio

n
 o

f th
ese 

in
te

r­

fe
re

n
c
e
s
, 

th
e
 

m
o

st 
im

p
o

rta
n

t o
f w

hich in
clu

d
e a

d
d

itio
n

 o
f a 

la
rg

e
 

am
o

u
n

t 
o

f 
L

a 
(8

0
,1

5
9

,1
6

0
), 

ad
d

itio
n

 o
f ED

TA
 

(1
5

9
) 

and 

a
d

d
itio

n
 
o

f 
o

th
e
r a

lk
a
lin

e
 e

a
rth

 elem
en

ts 
su

ch
 as 

S
r in

 th
e
 

d
e
te

rm
in

a
tio

n
 
o

f 
C

a 
an

d
 M

g. 
T

he 
e
x

te
n

t o
f th

e
se

 
in

te
rfe

r­

e
n

c
e
s 

d
e
p

e
n

d
s 

o
n

 
a
to

m
iz

a
tio

n
 co

n
d

itio
n

s, 
h

ig
h

 tem
p

eratu
re 

fla
m

e
s 

--~e
d

u
c

in
g

 
th

e
 

in
te

rfe
re

n
c
e
s. 

H
ow

ever, 
io

n
iz

a
tio

n
 

in
te

rfe
re

n
c

e 
in

c
re

a
se

s 
in

 h
o

t 
flam

es, b
u

t can b
e m

in
im

ized
 

by 
ad

d
i

t
io

n
 
o

f 
io

n
iz

a
tio

n
 b

u
ffe

rs. 

T
h

e 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
 o

f F
e 

in
 sh

ales can
 cau

se 
in

te
r­

fe
re

n
c
e
s 

o
n

 
m

any 
elem

en
ts 

b
ecau

se o
f its

 g
re

a
t num

ber o
f 

s
p

e
c
tra

l 
lin

e
s
 

b
etw

een
 

340 
to

 
440 

run. 
In

 th
e AE 

m
easurem

ent 

o
f 

A
l 

a
t 

3
9

6
.2

 
nm

, 
th

e
re

 
is

 
a 

p
o

ssib
le

 sp
e
c
tra

l 
in

te
rfe

re
n

c
e
 

fro
m

 
F

e 
w

h
ic

h
 

h
a
s 

an
 

em
issio

n
 
lin

e
 a

t 
3

9
6

. 8 run. 
Fe 

a
lso

 

a
ffe

c
ts

 
C

r 
e
m

issio
n

 
a
t 

som
e 

w
av

elen
g

th
s, 

red
u

ces 
C

r ab
so

rp
-

tio
n

, 
an

d
 
a
t 

h
ig

h
 

c
o

n
c
e
n

tra
tio

n
s 

cau
ses 

ch
em

ical 
in

te
r-

fe
re

n
c
e
s 

o
n

 
som

e 
o

f 
th

e
 
a
lk

a
lin

e
 e

a
rth

 elem
en

ts. 
In

te
rfe

r­

e
n

c
e
s 

o
n

 
F

e 
a
re

 
n

o
t 

a
s 

fre
q

u
e
n

t 
as 

th
o

se o
f F

e 
on o

th
e
r e

le
­

m
e
n

ts. 
H

o
w

ev
er, 

th
e
re

 
a
re

 
som

e 
in

te
rfe

re
n

c
e
s 

su
ch

 as 
th

e 

e
ffe

c
t 

o
f 

S
i 

(1
6

1
) 

o
r 

th
e
 
e
ffe

c
ts o

f C
o, 

C
u 

and N
i on Fe 

a
b

so
rp

tio
n

 
( 1

6
 2 ): , 

w
h

ich
 d

ep
en

d
 on 

flam
e 

c
o

n
d

itio
n

s. 
M

ost o
f 

th
e
se

 
e
le

m
e
n

ts 
w

ill 
n

o
t a

ffe
c
t th

e
 em

issio
n

 o
r ab

so
rp

tio
n

 o
f 

F
e 

in
 
s
h

a
le

 
sa

m
p

le
s 

b
ecau

se o
f th

e
ir low

 c
o

n
c
e
n

tra
tio

n
s 

re
la

­

tiv
e
 
to

 
F

e
. 

O
th

e
r m

a
jo

r 
in

te
rfe

re
n

c
e
s 

re
la

te
d

 to
 th

e m
atrix

 can be 
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th
e
 
e
f
f
e
c
t 

o
f 

S
i 

o
n

 
th

e
 

a
b

so
rp

tio
n

 o
f M

n, 
p

h
o

sp
h

ate 
and 

s
u

l­

fa
te

 
in

te
rfe

re
n

c
e
s
 

o
n

 
P

b 
a
b

so
rp

tio
n

 
(1

6
3

), 
and 

th
e
 
e
ffe

c
t o

f 

C
a 

a
n

d
 
S

i 
o

n
 

A
l 

(1
6

4
). 

2
. 

S
a
m

p
le

 
P

re
tre

a
tm

e
n

ts 

O
n

e 
o

f 
th

e
 m

o
st 

im
p

o
rta

n
t req

u
irem

en
ts 

in
 th

e
 

a
n

a
l­

y
s
is

 
is

 
th

a
t 

th
e
 

sa
m

p
le

s 
b

e 
sim

ila
r in

 a
ll 

re
sp

e
c
ts 

to
 

th
e
 

s
ta

n
d

a
rd

s
. 

M
a
trix

-fre
e
 

sta
n

d
a
rd

 
so

lu
tio

n
s do 

n
o

t co
rresp

o
n

~
 

to
 
th

e
 

sa
m

p
le

s
 

h
a
v

in
g

 
a 

co
m

p
lex

 m
a
trix

. 
C

o
n

seq
u

en
tly

, 
th

e
 

m
e
a
su

re
d 

c
o

n
c
e
n

tra
tio

n
 
o

f 
th

e
 

elem
en

ts 
(e

sp
e
c
ia

lly
 tra

c
e
 

e
le

m
e
n

ts) 
i.. 

e
ith

e
r
 
h

ig
h

e
r 

th
a
n

 th
e
 t:r:ue 

v
a
lu

e
, 

d
u

e 
to

 e
n

­

h
an

cem
e
n

t 
b

y
 
th

e
 
m

a
trix

, 
o

r 
lo

w
e
r, 

due 
to

 
su

p
p

re
ssio

n
, 

if
 

th
e
 

co
m

p
a
r

i
s

o
n

 
is

 
m

ad
e 

w
ith

 m
a
trix

-fre
e
 
sta

n
d

a
rd

s. 

T
h

e
re

 
a
re

 
s
e
v

e
ra

l m
eth

o
d

s 
b

y
 w

h
ich

 th
e
se

 
p

ro
b

lem
s 

can
 

b
e 

d
e
a
lt 

w
ith

, 
su

c
h

 
a
s 

sta
n

d
a
rd

 
a
d

d
itio

n
, 

m
a
trix

 m
atch

in
g

, 

e
x

tra
c
tio

n
 
te

c
h

n
iq

u
e
s
, 

an
d

 
m

a
trix

 m
o

d
ific

a
tio

n
. 

A
m

ong 
th

e
se

 

m
e
th

o
d

s 
m

a
trix

 
m

a
tc

h
in

g
, 

w
h

ich
 m

eans 
to

 m
ake 

sta
n

d
a
rd

s w
ith

 

th
e
 

sam
e 

c
o

m
p

o
sitio

n
 

a
s 

th
e
 

sam
p

les, 
is

 
in

c
o

n
v

e
n

ie
n

t an
d

 

so
m

e
tim

e
s 

im
p

o
s
s
ib

le
 

b
e
c
a
u

se
 
o

f 
a 

v
ery

 co
m

p
lex

 m
a
trix

. 
T

he 

s
ta

n
d

a
rd

 
a
d

d
itio

n
 

m
eth

o
d

 
is

 
h

e
lp

fu
l 

in
 m

any 
c
a
se

s, 
e
sp

e
c
ia

lly
 

w
h

en
 
th

e
re

 
a
re

 
p

h
y

s
ic

a
l 

in
te

rfe
re

n
c
e
s. 

H
ow

ever, 
m

o
st ch

em
i­

c
a
l 

in
te

rfe
re

n
c
e
s
 

a
re

 
c
o

n
c
e
n

tra
tio

n
-d

e
p

e
n

d
e
n

t, 
i.e

., 
th

e
 

e
ffe

c
t 

o
f 

th
e
 
m

a
trix

 
o

n
 

ad
d

ed
 

sta
n

d
a
rd

s m
ay 

n
o

t b
e 

th
e
 

sam
e 

a
s 

i
t
 
is

 
o

n
 

th
e
 

sa
m

p
le

. 
T

h
u

s, 
th

e
 
sta

n
d

a
rd

 a
d

d
itio

n
 m

ethod 

c
a
n

n
o

t 
b

e
 

u
se

d
 
in

 m
easu

rem
en

t 
o

f m
any 

e
le

m
e
n

ts, 
e
x

c
e
p

t w
hen 

so
m

e 
ty

p
e
 
o

f 
p

re
tre

a
tm

e
n

t 
is

 
u

tiliz
e
d

. 

M
a
trix

 
m

o
d

ific
a
tio

n
 

in
c
lu

d
e
s 

a
d

d
itio

n
 o

f com
pounds 

to
 

th
e
 

sa
m

p
le

 
s
o

lu
tio

n
 
e
ith

e
r 

to
 
re

a
c
t w

ith
 o

n
e o

r a 
g

ro
u

p
 o

f 
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e
le

m
e
n

ts 
to

 
fo

rm
 m

o
re 

v
o

la
tile

 com
pounds, 

o
r to

 re
a
c
t w

ith
 

in
te

rfe
rin

g
· co

m
p

o
n

en
ts 

an
d

 re
le

a
se

 th
e elem

en
ts o

f in
te

re
st. 

A
n 

ex
am

p
le 

o
f 

th
e
 
f
ir

s
t m

o
d

ificatio
n

 ty
p

e is
 ad

d
itio

n
 o

f 

c
o

m
p

le
x

in
g

 
a
g

e
n

ts 
su

ch
 a

s ED
TA

 
to

 c
h

e
la

te
 th

e m
etal 

io
n

s 
and 

fo
rm

 m
o

re 
v

o
la

tile
 

co
m

p
o

u
n

d
s, 

and an exam
ple o

f th
e 

seco
n

d
 

ty
p

e
 
is

 
a
d

d
itio

n
 o

f 
L

a 
to

 
re

le
a
se

 th
e a

lk
a
lin

e
 e

a
rth

 m
etals. 

S
e
le

c
tiv

e 
e
x
tra

c
tio

n
 is

 
an 

e
ffe

c
tiv

e
 m

ethod 
fo

r m
atrix

 

e
lim

in
a
t
i

o
n 

(se
e
 
C

h
a
p

te
r V

I}. 

F
o
r
m

 
su

re
m

e
n

t o
f a

lk
a
lin

e
 e

a
rth

 m
etals, 

a
ll 

sam
p

les 

an
d

 
s
tan

d
a
rd

s 
w

ere m
ade 

1000 
ppm

 
in

 L
a 

to
 m

inim
ize th

e e
ffe

c
t 

o
f 

p
h

o
sp

h
a

t
e

, 
s
u

lfa
te

, 
alum

inum
 and 

s
ilic

a
te

. 
F

o
r th

e m
eas­

u
re

m
e
n

t 
o

f 
B

a 
in

 
a
d

d
itio

n
 to

 L
a, 

a
ll th

e so
lu

tio
n

s and 
sta

n
d

­

a
rd

s 
w

e
re

 
m

ad
e 

1
%

 in
 K

C
l 

b
ecau

se th
e se

le
c
te

d
 w

av
elen

g
th

 is
 

an
 
io

n
ic

 
lin

e
 

(4
5

5
.4

0
 

nm
) 

an
d

 som
e 

o
f th

e elem
en

ts 
in

 th
e 

sam
p

le 
c
a
n

 
su

p
p

re
ss 

th
e
 

io
n

iz
a
tio

n
. 

B
y m

aking 
a
ll th

e
 

sam
­

p
le

s 
an

d
 

sta
n

d
a
rd

s 
h

ig
h

ly
 

co
n

cen
trated

 in
 an 

elem
en

t su
ch

 

a
s 

p
o

ta
ssiu

m
, 

i
t
 
is

 
p

o
ssib

le
 
to

 have th
e 

sam
e 

ra
te

 o
f io

n
iz

a
­

tio
n

 
in

 
b

o
th

 
sa

m
p

le
s 

an
d

 
sta

n
d

a
rd

s. 
B

a 
and 

S
r w

ere m
easu

red
 

w
ith

 
an

 o
2 -c

2 H
2
-
a
ir

 
flam

e 
w

h
ich

 is
 ~

x
p

ected
 to

 
have a 

tem
­

p
e
ra

tu
re

 
o

f 
a
b

o
u

t 
3

0
0

0
° c, 

c
lo

se
 to

 th
a
t o

f N
2 o-c

2 H
2

• 
T

he 

re
a
so

n
 
fo

r 
u

sin
g

 
th

is
 

flam
e 

w
as 

th
a
t th

ese 
tw

o 
elem

en
ts have 

re
la

tiv
e
ly

 
lo

w
 

c
o

n
c
e
n

tra
tio

n
s 

in
 th

e 
sam

p
les. 

H
ow

ever, 
th

e
re

 

a
re

 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
s 

o
f in

te
rfe

rin
g

 com
pounds 

w
hich sh

o
u

ld
 

b
e 

e
lim

in
a
te

d
 

an
d

 h
ig

h
 

tem
p

eratu
re 

flam
es 

have p
ro

v
en

 to
 be 

a 
g

o
o

d
 w

ay 
to

 
e
lim

in
a
te

 
th

e
se

 
in

te
rfe

re
n

c
e
s. 

O
n 

th
e
 o

th
e
r 

h
a
n

d
, 

a 
h

ig
h

 
te

m
p

e
ra

tu
re

 w
as 

n
ecessary

 fo
r 

io
n

iz
a
tio

n
 o

f B
a. 

T
he 

sam
e 

ty
p

e
 
o

f 
flam

e 
w

as 
u

sed
 
fo

r A
l 

and V
 b

ecau
se th

ey
 are 



1
3

6
 

re
fra

c
to

ry
 
e
le

m
e
n

ts
. 

T
h

e
 

c
o

n
c
e
n

tra
tio

n
 
o

f 
F

e 
is

 
g

re
a
t en

o
u

g
h

 
th

a
t its

 d
e
te

r­

m
in

a
tio

n
 

c
a
n

 
b

e
 
c
a
rrie

d
 o

u
t e

ith
e
r on th

e
 o

rig
in

a
l so

lu
tio

n
 

w
ith

o
u

t 
a
n

y
 

p
re

tre
a
tm

e
n

t, 
o

r 
a
fte

r e
x

tra
c
tio

n
 o

f 
its

 c
h

lo
ro

 

c
o

m
p

le
x

 
in

to
 
n

-b
u

ty
l a

c
e
ta

te
 
to

 
e
lim

in
a
te

 th
e
 e

ffe
c
t o

f th
e
 

m
a
trix

. 

T
h

e
 
e
x

tra
c
tio

n
 m

eth
o

d
 
th

a
t w

as 
u

sed
 
in

 th
is

 
stu

d
y

 h
as 

b
e
e
n

 
d

e
v
e
lo

p
e

d 
b

y
 

H
an

n
ak

er 
an

d
 

H
ughes 

(1
2

0
). 

In
 th

is
 

p
ro

c
e
­

d
u

re
 

F
e
 
is

 
-l

im
in

a
te

d
 

fro
m

 
th

e
 

so
lu

tio
n

. 
E

lim
in

a
tio

n
 o

f F
e 

h
a
s 

tw
o

 
-: d

v
 

n
ta

g
e
s
. 

F
irs

t, 
th

e
 
in

te
rfe

re
n

c
e
 e

ffe
c
t o

f F
e o

n
 

tra
c
e
 
e
le

m
e
n

ts 
is

 
p

re
v

e
n

te
d

 
an

d
, 

seco
n

d
, 

e
x

tra
c
tio

n
 o

f tra
c
e
 

e
le

m
e
n

ts 
is

 
im

p
ro

v
e
d

 
b

e
c
a
u

se
 
th

e
 

p
resen

ce o
f F

e e
ffe

c
tiv

e
ly

 

re
d

u
c
e
s 

th
e
 
p

a
rtitio

n
in

g
 o

f 
tra

c
e
 elem

en
ts 

in
to

 th
e
 M

IBK
 

p
h

a
se

. 

R
e
a
g

e
n

ts: 

B
u

ffe
r. 

D
is

s
o

lv
e
 

1
0

. 2 
g 

p
o

tassiu
m

 b
ip

h
th

a
la

te
 
in

 
50 

m
L 

w
a
te

r. 
E

x
tra

c
t 

o
n

c
e
 
w

ith
 

1
5

 
m

L 
M

IB
K

. 

N
aD

D
C

. 
D

is
s
o

lv
e
 

6 
g 

N
aD

D
C

 
in

 100 
m

L 
w

a
te

r. 
F

ilte
r th

e
 

s
o

lu
tio

n
 

a
n

d
 
e
x

tra
c
t 

th
re

e
 

tim
e
s, 

each
 tim

e w
ith

 15 
m

L 
M

IBK
 

to
 
p

u
rify

 
th

e
 

re
a
g

e
n

t. 

A
P

D
C

. 
D

is
s
o

lv
e
 

1 
g 

A
PD

C
 

in
 50 

m
L 

w
a
te

r. 
E

x
tra

c
t w

ith
 

1
0

 
m

L
 

M
IB

K
 
to

 
p

u
rify

 
th

e
 

re
a
g

e
n

t. 

S
ta

n
d

a
rd

 
S

o
lu

tio
n

s
. 

D
ilu

te
 

an
 a

p
p

ro
p

ria
te

 volum
e 

o
f 

1
0

0
0

 
p

p
m

 
s
to

c
k

 
s
o

lu
tio

n
s
. 



P
ro

c
e
d

u
re

: 

E
v

a
p

o
ra

te
 

1
0

0
 

m
L

 
o

f 
th

e
 

so
lu

tio
n

 o
b

ta
in

e
d

 
from

 a
c
id

 

d
ig

e
s
tio

n
 

(H
F

, 
H

N
O

3
, 

H
C

lO
 4

) 
to

 
n

ear d
ry

n
e
ss, 

an
d

 th
en

 ta
k

e
 1

3
7

 

u
p

 
th

e
 

re
s
id

u
e
 
in

to
 

1
0

0
 

m
L 

o
f 

8 
M

 H
C

l. 
E

x
tra

c
t th

is
 
so

lu
­

tio
n

 
tw

o
 

tim
e
s
 
w

ith
 

1
0

 
m

L 
p

o
rtio

n
s o

f n
-b

u
ty

l 
a
c
e
ta

te
. 

T
he 

o
rg

a
n

ic
 

p
h

a
se

 
c
o

n
ta

in
s
 

F
e
, 

M
o 

an
d

 
som

e 
o

th
e
r m

e
ta

ls. 
T

he 

a
q

u
e
o

u
s 

s
o

lu
tio

n
 
c
o

n
ta

in
s
 

m
o

st o
f 

th
e
 
tra

c
e
 elem

en
ts. 

E
v

ap
o

­

ra
te

 
th

e 
a
q

u
e

o
u

s 
p

h
a
se

 
to

 
n

e
a
r d

ry
n

e
ss. 

M
ake 

up 
th

e
 

re
sid

u
e
 

to
 

a
b

o
u

t 
1

0 
m

L
 

w
ith

 
d

is
tille

d
 w

a
te

r. 
A

dd 
3 

rnL 
b

u
ffe

r so
lu

­

tio
n

. 
A

d
ju

s
t 

th
e
 

pH
 

to
 

2
.0

 
b

y
 
a
d

d
itio

n
 o

f H
C

l 
an

d
 NH

3
. 

A
dd 

5 
m

L
 

N
aD

D
C

 
s

o
lu

tio
n

 
a
n

d
 e

x
tra

c
t tw

o 
tim

es w
ith

 
20 

rnL 
p

o
rtio

n
s 

o
f 

M
IB

K
. 

E
v

a
p

o
ra

te
 

th
e
 

o
rg

a
n

ic
 

p
h

ase 
a
t v

ery
 low

 tem
p

era­

tu
re

 
a
n

d
 
ta

k
e
 

u
p

 
th

e
 
re

sid
u

e
 
in

 
50 

rnL 
o

f 1 
M

 H
C

l. 
D

ig
e
st th

e
 

s
o

lu
tio

n
 
fo

r 
1 

h
r. 

o
n

 
a 

h
o

t 
p

la
te

 and th
e
n

 d
ilu

te
 
to

 
1

0
0

 
rnL 

w
ith

 
d

is
tille

d
 
w

a
te

r. 
T

h
ese 

so
lu

tio
n

s w
ere 

u
sed

 
fo

r 
th

e
 

d
e
te

rm
in

a
tio

n
 
o

f .M
n, 

C
u

, 
N

i, 
C

o, 
C

r, 
P

b
, 

Zn 
an

d
 C

d 
by AA 

an
d

 

A
E

. 

A
n

o
th

e
r 

e
x

tra
c
tio

n
 p

ro
c
e
d

u
re

 w
as 

em
ployed 

fo
r 

Pb 
w

h
ich

 

w
as 

b
a
s
e
d

 
u

p
o

n
 
th

e
 

A
P

D
C

-M
IB

K
 

sy
stem

. 

P
ro

c
e
d

u
re

: 

D
ilu

te
 

5
0

 
rnL 

o
f 

th
e
 

a
c
id

-d
ig

e
ste

d
 sam

p
les 

to
 

1
0

0
 

rnL
. 

A
d

ju
st 

th
e
 

pH
 
to

 
1

. 6
. 

A
dd 

5 
rnL 

o
f A

PD
C 

so
lu

tio
n

 an
d

 e
x

tra
c
t 

in
to

 
2

0
 

rnL
 

o
f 

M
IB

K
. 

F
o

r 
sta

n
d

a
rd

 
so

lu
tio

n
s, 

1
0

 
m

L 
o

f 
2

, 
5

, 

7
. 5 

a
n

d
 

1
0

 
ppm

 
P

b
 

s
o

lu
tio

n
s
 

a
re

 each
 d

ilu
te

d
 to

 
50 

rnL
. 

A
d

ju
st 

th
e
 

pH
 

to
 
1

. 6 
a
n

d
 
e
x

tra
c
t 

in
to

 
1

0
 

rnL 
M

IB
K

. 
T

he 
o

rg
a
n

ic
 p

h
ases 
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a
fte

r 
e
x

tra
c
tio

n
 w

ere 
d

ire
c
tly

 a
sp

ira
te

d
 in

to
 th

e 
flam

e 
fo

r 

A
E 

m
e
a
su

re
m

e
n

t 
o

f 
P

b
. 

3
. 

E
x

p
e
rim

e
n

ta
l 

C
o

n
d

itio
n

s 

T
h

e 
fo

llo
w

in
g

 
c
o

n
d

itio
n

s w
ere 

used 
fo

r 
A

E
 

m
easu

re­

m
en

ts 
w

ith
 

G
C

A
/M

cP
herson 

(EU
 

703-D
) 

sp
ectro

m
eter and th

e 

p
re

m
ix

e
d

 
c
a
p

illa
ry

 b
u

rn
e
r h

ead
. 

N
eb

u
lizer 

W
a
v

e
le

n
g

th
 

g
as 

flow
 

F
u

el 
flow

 
O

x
id

an
t 

E
lem

en
t 

(n
m

) 
ra

te
 

ra
te

 
flow

 
ra

te
 

A
l 

3
9

6
.1

5
 

A
ir 

=
 6 

A
ce=

 4
.5

 
02 

=
 3

.2
5

 

B
a 

4
5

5
.4

0
 

A
ir =

 5
.5

 
A

ce 
=

 
4

.5
 

02 
=

 4
.2

5
 

C
a 

4
2

2
.6

8
 

A
ir =

 4
.5

 
A

ce 
=

 1
.0

 

C
o 

3
4

5
.3

5
 

A
ir =

 5
.5

 
A

ce 
=

 2
.0

 
A

ir =
 5 

C
r 

4
2

5
.4

4
 

A
ir 

=
 

5
.7

5
 

A
ce 

=
 1

.5
 

C
u 

3
2

4
.7

5
 

A
ir =

 5
.7

5
 

A
ce 

=
 1

.5
 

A
ir =

 7
.0

 

F
e 

3
7

2
.0

 
A

ir =
 5

.5
 

A
ce 

=
 

2
.7

5
 

02 
=

 2 

M
g 

2
8

5
.2

2
 

A
ir =

 
4

.5
 

A
ce 

=
 1

.0
 

M
n 

4
0

3
.3

 
A

ir =
 

6
.0

 
A

ce 
=

 1
.2

5
 

N
i 

3
5

2
.4

5
 

A
ir =

 
6

.0
 

A
ce 

=
 2

.5
 

02 
=

 
2

.0
 

P
b 

4
0

5
.8

 

S
r 

4
6

0
.7

3
 

A
ir =

 5
.7

5
 

A
ce 

=
 

2
.2

5
 

02 
=

 2
.0

 

V
 

4
3

7
.9

2
 

A
ir =

 
6

.0
 

A
ce 

=
 s.o 

02 
=

 
3

.5
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E
x

p
e
rim

e
n

ta
l 

c
o

n
d

itio
n

s 
u

sed
 in

 AA m
easurem

ent w
ith

 

G
C

A
/M

cP
h

erso
n

 
(EU

 
703-D

) 
sp

ectro
m

eter w
ith

 th
e V

arian
 b

u
rn

er 

h
ead

 w
e
re

 
a
s 

fo
llo

w
s: 

N
eb

u
lizer. 

W
av

elen
g

th
 

g
as 

flow
 

F
u

el 
flow

 
o

x
id

an
t 

.E
le

m
e
n

t 
(nm

) 
ra

te
 

ra
te

 
flow

 ra
te

 

A
l 

3
0

9
.3

5
 

A
ir =

 
5

.5
 

A
ce 

=
 

6
.7

5
 

02 
=

 4
.2

5
 

C
a 

4
2

2
.6

7
 

A
ir =

 5
.5

 
A

ce 
=

 3
.7

5
 

A
ir =

 
9 

C
o 

2
4

0
.7

2
 

A
ir =

 5
.7

5
 

A
ce 

=
 2

.2
5

 
A

ir =
 

2 

C
r 

3
5

7
.8

7
 

A
ir =

 5
.7

5
 

A
ce 

=
 2

.5
 

A
ir =

 3
.5

 

C
u 

3
2

4
.7

5
 

A
ir =

 
5

.7
5

 
A

ce 
=

 2
.5

 
A

ir =
 

4
.7

5
 

C
d 

2
2

8
.8

0
 

A
ir =

 
6

.2
5

 
A

ce 
=

 1
.2

5
 

F
e 

2
4

8
.3

3
 

A
ir =

 
5. 3 

A
ce 

=
 2

.2
5

 

M
g 

2
8

5
.2

2
 

A
ir =

 
4

.2
5

 
A

ce 
=

 2
.0

 
A

ir=
 4 

M
n 

2
7

9
.4

8
 

A
ir =

 
5

.7
5

 
A

ce 
=

 1
.7

5
 

P
b

 
2

8
3

.3
0

 
A

ir =
 

5
.7

5
 

A
ce 

=
 2

.5
 

A
ir =

 4 

Z
n 

2
1

3
.8

6
 

A
ir 

=
 

5
.7

5
 

A
ce 

=
 1

.5
 

A
ir =

 
6 

4
. 

M
easu

rem
en

ts w
ith

 
IC

P 

T
h

e 
sam

e 
d

isso
lu

tio
n

 p
ro

ced
u

re u
sin

g
 acid

 d
ig

estio
n

 

w
as 

u
se

d
 
fo

r 
sa

m
p

le
s 

to
 

b
e 

an
aly

zed
 w

ith
 

IC
P

. 
H

ow
ever, 

th
e
re

 

is
 

th
e
 
p

o
s
s
ib

ility
 th

a
t H

F 
rem

ain
in

g
 in

 th
e so

lu
tio

n
 from

 th
e 

a
c
id

 
d

ig
e
s
tio

n
 
c
o

u
ld

 dam
age 

th
e
 

to
rc

h
, 

and 
it sh

o
u

ld
 be 

rem
o

v
ed

 
fro

m
 
th

e
 
s
o

lu
tio

n
. 

T
h

is w
as 

done 
by d

ig
estio

n
 o

f 

th
e
 
s
o

lu
tio

n
s
 
w

ith
 H

C
lo

4 
a
fte

r d
isso

lu
tio

n
 and 

ev
ap

o
ratio

n
 

to
 n

e
a
r 

d
ry

n
e
ss. 

T
he 

re
sid

u
e
 w

as 
th

en
 d

isso
lv

ed
 in

 d
istille

d
 



1
4

0
 

w
a
te

r 
a
n

d
 
d

ilu
te

d
 
in

 
v

o
lu

m
e
tric

 
fla

sk
s. 

S
ta

n
d

a
rd

iz
a
tio

n
 o

f 
th

e
 

IC
P

 
w

as 
c
a
rrie

d
 o

u
t w

ith
 

a 
b

la
n

k
 

an
d

 
th

e
 

fo
llo

w
in

g
 
s
e
t 

o
f 

sta
n

d
a
rd

s: 

S
ta

n
d

a
rd

 
N

o
. 

1 
N

i, 
M

o, 
T

i 
(1 

ppm
); 

A
l, 

S
r, 

B
a, 

F
e 

(10 
ppm

) 

S
ta

n
d

a
rd

 
N

o
. 

2 
C

o
, 

Z
n

, 
P

b
, 

M
n, 

C
u, 

C
d 

(1 
ppm

); 
C

a, 
M

g 
(1

0
 

ppm
) 

S
ta

n
d

a
rd

 
N

o
. 

3 
A

s, 
C

r 
(1 

p
p

m
); 

P 
(10 

ppm
) 

S
ta

n
d

a
rd

 
N

o
. 

4 
V

 
(1 

ppm
) ; 

C
a 

(100 
ppm

) 

T
w

o 
p

o
in

t 
s
ta

n
d

a
rd

iz
a
tio

n
 w

ith
 b

la
n

k
 an

d
 a 

h
ig

h
 sta

n
d

a
rd

 w
as 

u
se

d
 
fo

r 
e

a
c
h

 
e
le

m
e
n

t. 

A
ft

-r 
s
ta

n
d

a
rd

iz
a
tio

n
 
o

f th
e
 p

lasm
a, 

a
ll th

e
 
sta

n
d

a
rd

 

s
o

lu
tio

n
s 

w
 

r
e 

ru
n

 
a
s 

sa
m

p
le

s. 
T

h
is w

as 
re

p
e
a
te

d
 
a
lso

 
a
t 

th
e
 

e
n

d
 
o

f 
t 

e 
m

e
a
su

re
m

e
n

t 
o

f 
sa

m
p

le
s. 

T
he 

re
c
o

v
e
rie

s 
o

f e
le

m
e
n

ts 

w
e
re

 
1

0
0

±
2%

. 

In
s
tru

m
e
n

ta
l 

p
a
ra

m
e
te

rs
 

an
d

 
o

p
e
ra

tin
g

 c
o

n
d

itio
n

s 
o

f th
e
 

J
a
rre

ll-A
s
h

 
M

o
d

e
l 

9
7

5
 

IC
A

P 
A

tom
 C

o
m

p
.w

ere: 

G
as 

flo
w

s
: 

C
o

o
lin

g
 
g

a
s, 

17 
L

/m
in

 

N
e
b

u
liz

e
r 

g
a
s, 

1 
L

/m
in

 

S
o

lu
tio

n
 
u

p
ta

k
e
 
ra

te
, 

0
.7

 
rnL

/m
in 

O
b

s
e
rv

a
tio

n
 
h

e
ig

h
t: 

1
7

 
m

m
 

ab
o

v
e 

lo
a
d

 c
o

il 

O
p

tim
iz

e
d

 v
e
rtic

a
lly

 an
d

 h
o

riz
o

n
ta

lly
 o

n
 

cad
m

iu
m

 lin
e
 w

h
ile

 
a
sp

ira
tin

g
 1 

ppm
 

cadm
ium

. 

E
x

p
o

su
re

 
tim

e
: 

1
0

 
se

c
 

o
n

 
lin

e
. 

N
o 

b
ack

g
ro

u
n

d
 c

o
rre

c
tio

n
. 

5
. 

D
e
te

rm
in

a
tio

n
 
o

f M
ercu

ry
 

F
la

m
e
le

s
s
 

A
to

m
ic 

A
b

so
rp

tio
n

 h
as 

b
een

 u
sed

 
as 

a 

v
e
ry

 
s
e
n

s
itiv

e
 

m
e
th

o
d

 
fo

r 
th

e
 

d
e
te

rm
in

a
tio

n
 o

f m
ercu

ry
 
in

 



1
4

1
 

d
if

f
e
r
e
n

t 
ty

p
e
s
 
o

f 
sa

m
p

le
s. 

T
h

is m
ethod w

as 
firs

t 
d

e
sc

rib
e
d

 

b
y

 
H

a
tc

h
 

a
n

d
 
O

tt 
(1

6
5

). 
In

 
th

is
 m

ethod th
e
 

sam
p

le 
is

 
ta

k
e
n

 

in
to

 
s
o

lu
tio

n
 

b
y

 
a
n

 
o

x
id

iz
in

g
 a

c
id

 a
tta

c
k

. 
M

ercu
ry

 
in

 th
e
 

s
o

lu
tio

n
 
is

 
re

d
u

c
e
d

 
to

 
th

e
 

e
le

m
e
n

ta
l 

s
ta

te
 by 

a 
stan

n
o

u
s 

c
h

lo
rid

e
 
o

r 
s
ta

n
n

o
u

s
 

su
lp

h
a
te

 
so

lu
tio

n
, 

an
d

 th
e
n

 a
e
ra

te
d

 
fro

m
 

th
e
 
s
o

lu
tio

n
. 

M
e
rc

u
ry

 
v

a
p

o
r p

a
sse

s 
th

ro
u

g
h

 
an

 
a
b

so
rp

tio
n

 

tu
b

e
 
lo

c
a
te

d
 
in

 
th

e
 
lig

h
t beam

 an
d

 
its

 
ab

so
rb

an
ce 

is
 m

easu
red

. 

F
o

r 
m

o
re

 
s
e
n
s
itiv

e
 m

e
a
su

re
m

e
n

ts, 
o

r w
hen 

th
e
re

 
a
re

 
som

e 
in

te
r­

fe
re

n
c
e

s
, 

a 
p

re
c
o

n
c
e
n

tra
tio

n
 
ste

p
 is

 n
e
c
e
ssa

ry
. 

D
iffe

re
n

t 

m
e
th

o
d

s 
h

a
v

e
 

b
e
e
n

 
u

se
d

 
fo

r 
p

re
c
o

n
c
e
n

tra
tio

n
 o

f m
ercu

ry
. 

U
re 

a
n

d
 

S
h

an
d 

( 1
6

 6
) 

u
se

d
 
a
c
id

ic
 

K
M

nO
 4 

to
 
c
o

lle
c
t th

e
 m

ercu
ry

 
fro

m
 

th
e
 
re

d
u

c
tio

n
 
a
e
ra

tio
n

 
s
te

p
 

fo
llo

w
ed

 
by 

its
 d

e
te

rm
in

a
tio

n
. 

V
a
p

o
r 

p
h

a
s
e
 

a
m

a
lg

a
m

a
tio

n
 
is

 
a
n

o
th

e
r m

ethod o
f 

p
re

c
o

n
c
e
n

tra
­

tio
n

 
in

 
w

h
ic

h
 
th

e
 

m
e
rc

u
ry

 
e
v

o
lv

e
d

 
fro

m
 h

e
a
tin

g
 o

f th
e
 
so

lid
 

sa
m

p
le

 
is

 
d

e
p

o
s
ite

d
 
o

n
to

 
a 

"m
e
ta

l b
ase" 

su
ch

 as 
g

o
ld

, 
s
ilv

e
r 

o
r 

c
o

p
p

e
r. 

M
e
rc

u
ry

 
is

 
th

e
n

 
re

le
a
se

d
 

from
 th

e
 m

e
ta

l 
b

a
se

 

u
p

o
n

 
h

e
a
tin

g
 

a
n

d
 
th

e
n

 
p

a
sse

d
 th

ro
u

g
h

 th
e
 

a
b

so
rp

tio
n

 
c
e
ll 

(1
6

7
,1

6
8

) . 
S

e
v

e
ra

l 
m

o
d

ific
a
tio

n
s 

h
av

e 
b

een
 m

ade 
to

 
th

e
se

 

m
e
th

o
d

s 
b

y
 
d

if
f
e
r
e
n

t w
o

rk
e
rs. 

U
re 

(169) 
rev

iew
ed

 th
e
 
a
n

a
ly

ti­

c
a
l 

a
s
p

e
c
ts

 
o

f 
n

o
n

-fla
m

e
 

A
A

 
an

d
 A

F 
m

eth
o

d
s 

fo
r 

d
e
te

rm
in

a
tio

n
 

o
f 

m
e
rc

u
ry

. 

O
n

e 
o

f 
th

e
 

m
o

st 
im

p
o

rta
n

t 
a
sp

e
c
ts 

in
 m

ercu
ry

 d
e
te

rm
in

a
­

tio
n

 
is

 
sa

m
p

le
 
d

is
s
o

lu
tio

n
 
p

rio
r to

 m
easu

rem
en

t. 
H

uffm
an e

t 

a
Z

. 
(1

7
0

) 
h

a
v

e
 

re
p

o
rte

d
 m

eth
o

d
s 

fo
r 

d
isso

lu
tio

n
 o

f d
iffe

re
n

t 

ty
p

e
s
 
o

f 
s
a
m

p
le

s
, 

e
s
p

e
c
ia

lly
 

th
o

se
 

h
av

in
g

 a 
c
o

n
sid

e
ra

b
le

 co
n

­

te
n

t 
o

f 
o

rg
a
n

ic
 
m

a
tte

r 
su

c
h

 
a
s 

c
o

a
ls 

an
d

 
sh

a
le

s. 
T

hey 
have 

u
se

d
 

fla
m

e
le

s
s
 

A
A

 
fo

r 
m

easu
rem

en
t o

f 
su

b
m

icro
g

rarn
 q

u
a
n

titie
s 
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o
f 

m
e
rc

u
ry

 
in

 
ro

c
k

s
, 

s
o

ils
, 

sh
a
le

s 
and 

c
o

a
ls. 

D
o

n
n

ell e
t 

a
i. 

(14 7
) 

h
a
v

e
 

u
s
e
d

 
a 

m
o

d
ific

a
tio

n
 o

f th
is

 m
ethod 

fo
r 

th
e
 
a
n

a
ly

sis 

o
f 

o
il 

s
h

a
le

s
. 

In
 
th

is
 

s
tu

d
y

 
th

e
 

m
eth

o
d

 
o

f d
isso

lu
tio

n
 
is

 
b

ased
 o

n
 th

e
 

H
u

ffm
an

 
e
t 

a
l,. 

re
p

o
rt. 

T
h

e m
easu

rem
en

t w
as 

c
a
rrie

d
 o

u
t w

ith
­

o
u

t 
p

re
c
o

n
c
e
n

tra
tio

n
. 

A
 P

e
rk

in
 E

lm
er m

ercu
ry

 
a
n

a
ly

sis 
sy

stem
 

(3
0

3
-0

8
3

2
) 

e
q

u
ip

p
e
d

 
w

ith
 

a 
D

e
ssic

a
n

t K
it c

o
n

ta
in

in
g

 M
g(C

lO
4

)2 

to
 
a
b

s
o

rb 
w
a
te

r
 
v

a
p

o
r, 

an
d

 
a 

M
ercu

ry
 S

cru
b

b
er K

it to
 
p

re
v

e
n

t 

c
o

n
ta

m
in

a
t

i 
n 

o
f 

th
e
 

la
b

o
ra

to
ry

 w
ith

 th
e
 m

ercu
ry

 v
ap

o
r 

re
le

a
s
e
d

 
o

n
 

th
e
 

sa
m

p
le

, 
w

as 
em

p
lo

y
ed

. 

R
e
a
g

e
n

ts 

A
ll 

c
h

e
m

ic
a
lsw

e
re

 
re

a
g

e
n

t g
ra

d
e
. 

M
e
rc

u
ry

 
s
ta

n
d

a
rd

 
sto

c
k

 
so

lu
tio

n
. 

D
isso

lv
e 1

. 3535 
g 

H
gC

1
2 

in
 

1
0

0
 

m
L 

1 
N

 H
2 so

4
. 

D
ilu

te
 to

 1 
lite

r. 

S
ta

n
n

o
u

s 
c
h

lo
rid

e
 

s
o

lu
tio

n
. 

D
isso

lv
e 

10 
g 

SnC
1

2 • 2 H
2 O

 

in
 

1
0

 
m

L
 

h
o

t 
c
o

n
e
. 

H
C

l. 
D

ilu
te

 to
 100 

m
L. 

P
o

ta
s
s
iu

m
 
p

e
rm

a
n

g
a
n

a
te

. 
M

ake 
a 

5%
 

so
lu

tio
n

 
in

 d
is

tille
d

 

w
a
te

r, 
a
llo

w
 
th

e
 

so
lu

tio
n

 to
 

sta
n

d
 
fo

r 
a 

few
 d

ay
s 

a
n

d
 
d

e
c
a
n

t 
th

e
 
c
le

a
r 

so
lu

tio
n

 
in

to
 

a 
d

ark
 b

o
ttle

. 

H
y

d
ro

x
y

la
m

in
e
 

h
y

d
ro

c
h

lo
rid

e
. 

D
isso

lv
e 

10 
g 

o
f th

e
 

re
a
g

e
n

t 
in

 
1

0
0

 
m

L 
d

is
tille

d
 w

a
te

r. 

A
p

p
a
ra

tu
s 

S
p

e
c
tro

p
h

o
to

m
e
te

r. 
G

C
A

/M
cP

herson 
(E

U
-703-D

) 

L
ig

h
t 

s
o

u
rc

e
. 

M
ercu

ry
 

H
. C

. L
. , 

P
erk

in
 E

lm
er 

M
e
rc

u
ry

 
A

n
a
ly

z
e
r. 

P
e
rk

in
 E

lm
er 

(M
odel 

3
0

3
-0

8
3

2
) 

G
la

s
s
w

a
re

. 
A

ll 
w

ere 
p

y
re

x
 an

d
 w

ere 
c
le

a
n

e
d

 w
ith

 

C
h

ro
m

erg
e 

s
o

lu
tio

n
. 



1
4

3
 

D
ig

e
s
tio

n
 
P

ro
c
e
d

u
re

: 

0
. 2

-0
. 3 

g 
o

f 
p

o
w

d
ered

 
sh

a
le

 
sam

p
le w

as 
d

ig
e
ste

d
 w

ith
 

1
0

 
m

L
 

c
o

n
e
. 

H
2 so 4 

fo
r 

1
0

 
m

in
u

te
s 

on th
e
 h

o
t p

la
te

 
(ab

o
u

t 

1
5

0
 ° 

C
) • 

T
h

e
 

sa
m

p
le

 
w

as 
c
o

o
le

d
 and a

fte
r a

d
d

itio
n

 o
f s 

rnL 

c
o

n
e
. 

H
N

0
3 

i
t
 w

as 
d

ig
e
s
te

d
 
fo

r 
ab

o
u

t 
30 m

in
u

tes. 
T

hen th
e
 

s
o

lu
tio

n
 
o

f 
5%

 
K

M
nO

 4 
w

as 
ad

d
ed

 
slo

w
ly

 u
n

til 
th

e
 

so
lu

tio
n

 

tu
rn

e
d

 
to

 
a 

p
u

rp
le

 
c
o

lo
r 

( a
b

o
u

t 
3 O

 m
L w

as 
u

sed
) . 

T
he 

so
lu

­

tio
n

 
w

as 
d

ig
e
s
te

d
 

o
n

 
th

e
 
h

o
t 

p
la

te
 
fo

r 
ab

o
u

t 1 
h

r. 
D

u
rin

g
 

d
ig

e
s
tio

.. 
t

· ~e 
p

u
rp

le
 

c
o

lo
r d

isa
p

p
e
a
re

d
, 

so
 

ab
o

u
t 

5 m
ore 

m
L 

o
f 

i<
M

n04 
so

· u
tio

n
 

w
as 

ad
d

ed
 

an
d

 
d

ig
e
stio

n
 w

as 
c
o

n
tin

u
e
d

 fo
r 

a
n

o
th

e
r 

3 0 
m

i
n

u
te

s
. 

T
h

en
 
th

e
 
so

lu
tio

n
 w

as 
co

o
led

 an
d

 tra
n

s
­

fe
rre

d
 
in

to 
t

h
e
 

a
e
ra

tio
n

 
b

o
ttle

. 
15 

m
L 

h
y

d
ro

x
y

larn
in

e 
h

y
d

ro
­

c
h

lo
rid

e
 

w
a
s 

a
d

d
e
d

 
to

 
th

e
 
b

o
ttle

, 
and 

th
e
 
sid

e
s 

o
f 

th
e
 
b

o
ttle

 

w
e
re

 
rin

s
e
d

 
d

o
w

n
 
w

ith
 
d

is
tille

d
 w

a
te

r. 
T

he volum
e o

f 
th

e
 

s
o

lu
tio

n
 

w
a
s 

a
d

ju
s
te

d
 
to

 
a
b

o
u

t 
100 

m
L 

w
ith

 d
is

tille
d

 w
a
te

r. 

B
la

n
k

 
s
o

lu
tio

n
s
 

w
ere 

m
ade 

b
y

 
a
d

d
itio

n
 o

f 
th

e
 

sam
e 

v
o

lu
m

e 
o

f 
re

a
g

e
n

ts
, 

fo
llo

w
in

g
 
th

e
 

above 
d

ig
e
stio

n
 p

ro
ced

u
re • 

. 

T
o 

e
a
c
h

 
b

o
ttle

 
o

f 
th

e
 

sam
p

le 
o

r b
la

n
k

, 
5 m

L 
o

f SnC
1

2 
so

lu
-

tio
n

 
w

a
s 

a
d

d
e
d

 
a
n

d
 
th

e
 

a
e
ra

tio
n

 p
ro

c
e
ss w

as 
s
ta

rte
d

. 

S
ta

n
d

a
rd

iz
a
tio

n
 

an
d

 
M

easu
rem

en
t: 

T
w

o 
d

if
f
e
r
e
n

t 
m

eth
o

d
s 

w
ere 

u
sed

, 
th

e
 

sta
n

d
a
rd

 a
d

d
itio

n
 

an
d

 
th

e
 
c
a
lib

r
a
tio

n
 

c
u

rv
e
 

m
eth

o
d

s. 
In

 
th

e
 

sta
n

d
a
rd

 a
d

d
itio

n
 

m
e
th

o
d

 
th

re
e
 

sa
m

p
le

s 
o

f 
a
b

o
u

t th
e
 

sam
e w

eig
h

t 
(0

. 2
-0

. 3 g) 

w
e
re

 
u

s
e
d

. 
T

o
 

sa
m

p
le

s 
n

u
m

b
er 

tw
o 

and 
th

re
e
, 

a
fte

r d
ig

e
stio

n
, 

1 
a
n

d
 

2 
m

L
 
o

f 
O

. 5 
ppm

 m
e
rc

u
ry

 
sta

n
d

a
rd

 
so

lu
tio

n
 w

ere 
ad

d
ed

, 

re
s
p

e
c
tiv

e
ly

. 
T

h
e 

c
o

n
c
e
n

tra
tio

n
 o

f m
ercu

ry
 th

e
n

 w
as 

o
b

ta
in

e
d
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fro
m

 
a 

p
lo

t 
o

f 
a
b

so
rb

a
n

c
e
 
v

s. 
c
o

n
c
e
n

tra
tio

n
. 

T
h

e 
c
a
lib

ra
tio

n
 
c
u

rv
e
 m

eth
o

d
 w

as 
c
a
rrie

d
 o

u
t by 

p
u

ttin
g

 

1
, 

2
, 

3 
a
n

d
 

4· m
L

 
o

f 
sta

n
d

a
rd

 m
ercu

ry
 
so

lu
tio

n
 in

to
 th

e
 
a
e
ra

­

tio
n

 
b

o
ttle

s
, 

fo
llo

w
e
d

 
b

y
 
a
d

d
itio

n
 o

f 10 
m

L 
co

n
e. 

H
2 so 4

, 
5 rnL 

c
o

n
e
. 

H
N

0
3 

a
n

d
 

1
5

 
m

L 
h

y
d

ro
x

y
larn

in
e h

y
d

ro
ch

lo
rid

e so
lu

tio
n

 to
 

e
a
c
h

 
b

o
ttle

. 
A

ll 
th

e
 

so
lu

tio
n

s w
ere 

d
ilu

te
d

 to
 

ab
o

u
t 100 

m
L 

an
d

 
th

e
 

r
e
d

u
c
tio

n
 

an
d

 
a
e
ra

tio
n

 w
ere 

th
en

 c
a
rrie

d
 o

u
t. 

In
 

b
o
th

 
m

e
th

o
d

s, 
th

e
 
b

a
se

lin
e
 o

f th
e
 
re

c
o

rd
e
r w

as 
a
d

ju
ste

d
 

b
y

 
ru

n
n

in
g

 
-Lhe 

b
la

n
k

 
s
o

lu
tio

n
. 

T
h

is w
as 

done b
e
fo

re
 m

easu
re­

m
en

t 
o

f 
e
a
c
 

sa
m

p
le

 
a
n

d
 

sta
n

d
a
rd

 to
 en

su
re 

th
e
 

co
m

p
lete 

re
m

o
v

a
l 

o
f 

. e
rc

u
ry

 
fro

m
 
th

e
 

c
y

c
le

. 
T

he 
a
n

a
ly

tic
a
l w

av
elen

g
th

 

w
as 

2
5

3
. 6

5
 

nm
, 

th
e
 

re
so

n
a
n

c
e
 
lin

e
 
o

f m
ercu

ry
. 

A
t th

e
 b

e
g

in
­

n
in

g
 
o

f 
th

e
 
a
e
ra

tio
n

 
p

ro
c
e
ss, 

ab
so

rb
an

ce 
in

c
re

a
se

d
 and 

a
fte

r 

a
b

o
u

t 
2 

m
in

u
te

s
 
i
t
 
b

e
g

a
n

 
to

 
d

e
c
re

a
se

. 
T

he 
reaso

n
 
fo

r 
th

is
 

b
e
h

a
v

io
r 

is
 
th

a
t 

a
t 

th
e
 

b
e
g

in
n

in
g

 m
ercu

ry
 
is

 n
o

t co
m

p
letely

 

v
a
p

o
riz

e
d

. 
A

s 
th

e
 
v

a
p

o
riz

a
tio

n
 g

o
es 

to
 co

m
p

letio
n

, 
th

e
 

a
b

so
rb

­

a
n

c
e
 
w

ill 
in

c
re

a
s
e
. 

F
in

a
lly

, 
th

e
 d

ecrease 
is

 d
u

e 
to

 
lo

ss o
f 

th
e
 
m

e
rc

u
ry

 
f ra

m
 
th

e
 
c
y

c
le

 
to

 
th

e
 

tu
b

es 
and p

a
rtia

lly
 to

 th
e
 

a
tm

o
sp

h
e
re

. 

D
. 

R
e
s
u

lts
 

a
n

d
 

D
isc

u
ssio

n
 

B
e
fo

re
 

g
o

in
g

 
in

to
 

th
e
 
d

isc
u

ssio
n

 o
f th

e
 
a
n

a
ly

tic
a
l 

re
s
u

lts
, 

i
t
 
is

 
n

e
c
e
s
s
a
ry

 to
 d

isc
u

ss 
tw

o 
im

p
o

rta
n

t p
erfo

rm
an

ce 

c
h

a
ra

c
te

ris
tic

s
 
o

f 
th

e
 

m
easu

rem
en

ts, 
i.e

., 
d

e
te

c
tio

n
 lim

its 

an
d

 
q

u
a
n

tifia
b

le
 
lim

its
. 

D
e
te

c
tio

n
 
lim

it 
is

 
d

e
fin

e
d

 
in

 v
a
rio

u
s w

ay
s, 

b
u

t 
in

 g
en

­

e
ra

l 
a
ll 

d
e
fin

itio
n

s
 

re
p

re
s
e
n

t 
th

e
 m

inim
um

 c
o

n
c
e
n

tra
tio

n
 o

f 



1
4

5
 

th
e
 
a
n

a
ly

te
 

w
h

ic
h

 
c
a
n

 
b

e 
d

e
te

c
te

d
. 

T
he 

m
ost com

m
on 

d
e
fin

i­

tio
n

 
o

f 
th

e
 
d

e
te

c
tio

n
 
lim

it 
is

 
th

e
 
an

aly
te 

c
o

n
c
e
n

tra
tio

n
 

re
q

u
ire

d
 
to

 
p

ro
d

u
c
e
 

a 
S

/N
 
ra

tio
 o

f 2
. 

To 
fin

d
 
th

e
 d

e
te

c
tio

n
 

lim
its

, 
o

n
e
 

c
a
n

 
fin

d
 

th
e
 

sta
n

d
a
rd

 d
e
v

ia
tio

n
 o

f a
t le

a
s
t te

n
 

b
la

n
k

 
re

a
d

in
g

s
 

a
n

d
 

th
e
n

 
c
a
lc

u
la

te
 th

e
 
an

aly
te 

c
o

n
c
e
n

tra
tio

n
, 

w
h

ich
 
is

 
e
q

u
a
l 

to
 

tw
o

 
tim

e
s 

th
e
 sta

n
d

a
rd

 d
e
v

ia
tio

n
. 

Q
u

an
t
i
f

i
a
b

le
 
lim

it 
is

 
th

e
 m

inim
um

 c
o

n
c
e
n

tra
tio

n
 a

t w
h

ich
 

a 
p

re
c
is

e
 

m
e

a
s

u
re

m
e
n

t 
c
a
n

 b
e 

c
a
rrie

d
 o

u
t fo

r 
a 

sa
tisfa

c
to

ry
 

q
u

a
n

ti ta
t-i v

e
 

e
s
tim

a
te

 
o

f 
th

e
 

a
n

a
ly

te
 

(171) . 
Q

u
a
n

tifia
b

le
 

lim
it 

is
 

u
st:.a

lly
 
ta

k
e
n

 
a
s 

fiv
e
 

tim
es 

th
e
 d

e
te

c
tio

n
 lim

it. 

D
e
t 

t
i
 

n 
lirn

i ts
 
o

f 
e
le

m
e
n

ts o
b

tain
ed

 in
 th

is
 w

ork a
re

 

p
re

s
e
n

te
d 

in
 

T
a
b

le
 

6
. 

M
o

st o
f 

th
e
 tra

c
e
 elem

en
t co

n
cen

tra­

tio
n

s
 
o

f 
sam

p
le

s
 

in
 
s
o

lu
tio

n
 w

ere 
c
lo

se
 
to

 q
u

a
n

tifia
b

le
 

lim
its

; 
th

is
 

re
s
u

lte
d

 
in

 
re

la
tiv

e
ly

 h
ig

h
 stan

d
ard

 d
e
v

ia
tio

n
 

in
 

so
m

e 
c
a
s
e
s
. 

C
o

n
c
e
n

tra
tio

n
 o

f 
som

e 
m

a
jo

r, 
m

in
o

r and tra
c
e
 elem

en
ts 

c
o

n
v

e
rte

d
 
to

 
a 

raw
 
s
h

a
le

 w
e
ig

h
t b

a
sis are p

resen
ted

 in
 T

ab
les 

7 to
 

1
2

. 
T

h
e
 
re

p
o

rte
d

 c
o

n
c
e
n

tra
tio

n
s o

f 
M

n, 
cu

, 
P

b
, 

C
r, 

C
o, 

Z
n, 

C
d 

a
n

d
 

N
i 

b
y

 
A

E 
a
n

d
 A

A
 

a
re

 o
b

tain
ed

 a
fte

r e
x

tra
c
tio

n
 in

to
 

N
aD

D
C

-M
IB

K
. 

F
o

r 
o

th
e
r e

le
m

e
n

ts 
th

e
 m

easurem
ents w

ere c
a
rrie

d
 

o
u

t 
o

n
 
th

e
 
o

rig
in

a
l 

s
o

lu
tio

n
s
 
a
fte

r n
ecessary

 p
retreatm

en
ts. 

A
 
s
e
r
ie

s
 
o

f 
e
x

p
e
rim

e
n

ts w
ere 

ru
n

 on 
se

v
e
ra

l elem
en

ts 

w
ith

 
A

E 
a
n

d
 

A
A

 
b

e
fo

re
 
p

re
tre

a
tm

e
n

t o
f th

e
 

sam
p

les. 
T

he 
re

su
l­

ta
n

t 
c
o

n
c
e
n

tra
tio

n
s
 

fo
r 

m
o

st 
elem

en
ts, 

e
sp

e
c
ia

lly
 tra

c
e
 e

le
­

m
e
n

ts, 
w

e
re

 
m

u
ch

 
d

iffe
re

n
t 

th
a
n

 th
o

se o
b

tain
ed

 a
fte

r p
re

tre
a
t­

m
e
n

ts. 
T

ra
c
e
 

e
le

m
e
n

ts 
show

 
a 

la
rg

e
 p

o
sitiv

e
 e

rro
r w

ith
o

u
t 

p
re

tre
a
tm

e
n

t 
a
n

d
 
th

is
 
is

 
m

uch m
ore 

sev
ere 

in
 A

E 
th

an
 in

 'A
A

. 



146 

T
h

is 
b

e
h

a
v

io
r m

ay
 

b
e
 

d
isc

u
sse

d
 in

 term
s o

f ch
em

ical in
te

r­

fe
re

n
c
e
s 

in
 
b

o
th

 
A

A
 

a
n

d
 

A
E

, 
w

h
ich

 have 
an en

h
an

cin
g

 o
r d

ep
res­

sin
g

 
e
f
f
e
c
t 

o
n

 
th

e
 
a
n

a
ly

te
, 

an
d

 sp
e
c
tra

l 
in

te
rfe

re
n

c
e
s esp

ec­

ia
lly

 
in

 
A

E
, 

d
u

e
 
to

 
c
o

e
x

iste
n

c
e
 o

f n
earb

y
 sp

e
c
tra

l lin
e
s o

r 

b
a
n

d
s. R

e
s
u

lts
 

o
b

ta
in

e
d

 w
ith

 
IC

P
 

a
re

 
in

 m
ost cases 

in
 ag

reem
en

t 

w
ith

 
A

A
 

a
n

d
 

A
E

 
re

s
u

lts
. 

H
ow

ever, 
C

u 
and Pb 

show
 

a h
ig

h
er 

c
o

n
c
e
n

tra
tio

n
 

b
y

 
IC

P
. 

F
o

r 
C

u 
th

e
 

3
2

4
. 75 

run ato
m

ic lin
e
 w

as 

u
se

d
, 

w
h

ic
h

 
is

 
lo

c
a
te

d
 
in

 th
e
 OH 

band reg
io

n
 

(8
5

), 
so

 th
e
re

 

is
 

a 
p

o
ss

· b
l

e 
s
p

e
c
tra

l 
in

te
rfe

re
n

c
e
 re

su
ltin

g
 in

 a 
p

o
sitiv

e
 

e
rro

r. 
T

l i
s 

i
n

te
rfe

re
n

c
e
 
c
a
n

 b
e m

in
im

ized
 o

r e
lim

in
a
te

d
 by 

d
o

in
g

 
th

e
 

m
easu

re
m

e
n

t 
in

 
a 

b
ack

g
ro

u
n

d
-co

rrected
 m

ode. 
In

 th
e
 

c
a
se

 
o

f 
P

b
, 

t
h

e
 

s
ig

n
a
l 

w
as 

n
o

isy
 

an
d

, 
in

 fa
c
t, 

it show
ed 

re
la

tiv
e
ly

 
h

ig
h

 
sta

n
d

a
rd

 
d

e
v

ia
tio

n
s. 

T
h

is 
is

 n
o

t o
n

ly
 tru

e
 

in
 
th

e
 
c
a
s
e
 
o

f 
IC

P
, 

b
u

t 
fo

r 
F

A
A

 and FA
E, 

w
here h

ig
h

 d
e
v

ia
tio

n
s 

w
ere 

a
ls

o
 

o
b

s
e
rv

e
d

. 

T
h

e 
p

re
c
is

io
n

 
o

f 
a
ll 

th
re

e
 m

ethods w
as 

good 
fo

r m
ost 

e
le

m
e
n

ts. 
H

o
w

e
v

e
r, 

th
e
 
b

e
s
t p

re
c
isio

n
 on th

e m
easurem

ents 

w
as 

o
b

ta
in

e
d

 
b

y
 

IC
P

 
w

ith
 

a 
RSD

 
o

f le
ss 

th
an

 ±2%
 

fo
r m

ost 

e
le

m
e
n

ts. 
T

h
is

 
g

o
o

d
 
c
h

a
ra

c
te

ris
tic

 o
f 

IC
P 

can
 be re

la
te

d
 to

 

th
e
 
s
ta

b
ility

 
o

f 
th

e
 

p
la

sm
a
, 

re
p

ro
d

u
c
ib

ility
 o

f th
e
 n

eb
u

lizer, 

an
d

 
m

u
ch

 
le

s
s
 

s
e
v

e
re

 
c
h

e
m

ic
a
l 

in
te

rfe
re

n
c
e
s 

as 
com

pared to
 

F
A

A
 

a
n

d
 

F
A

E
. 

P
re

c
is

io
n

 
in

 
FA

E 
and FA

A
 m

easurem
ents 

depends 

la
rg

e
ly

 
o

n
 
th

e
 

e
le

m
e
n

t 
to

 
b

e
 m

easu
red

 and 
its

 co
n

cen
tratio

n
. 

F
o

r m
a
jo

r 
e
le

m
e
n

ts
 
p

re
c
is

io
n

 
is

 
b

e
tte

r th
an

 1%
, 

b
u

t som
e 

tra
c
e
 

e
le

m
e
n

ts 
sh

o
w

 
a 

re
la

tiv
e
ly

 
h

ig
h

 
R

S
D

; 
th

is 
is

 due 
to

 re
la

tiv
e
ly

 

lo
w

 
S

/B
 
r
a
tio

s
 
a
t 

lo
w

 
c
o

n
c
e
n

tra
tio

n
s. 
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In
 
g

e
n

e
ra

l, 
i
t
 w

as 
fo

u
n

d
 
th

a
t FA

E 
an

d
, 

in
 som

e 
c
a
se

s, 

FA
A

, 
e
m

p
lo

y
e
d

 
fo

r 
th

e
 

a
n

a
ly

sis o
f com

plex m
atrices such as 

s
h

a
le

s
 

b
y

 
d

ir
e
c
t 

a
n

a
ly

s
is

 
o

f th
e
 

sam
p

les a
fte

r d
isso

lu
tio

n
, 

w
are 

u
n

s
a
tis

fa
c
to

ry
 

an
d

 
a
ll 

o
f th

e
 p

o
ssib

le
 ty

p
es o

f in
te

r­

fe
re

n
c
e
s 

s
h

o
u

ld
 
b

e
 

c
o

n
sid

e
re

d
 

and com
pensated fo

r 
if p

o
ssib

le
. 

R
e
s
u

lts
 
o

f 
th

e
 

a
n

a
ly

s
is

 
o

f H
g 

by co
ld

 v
ap

o
r M

 
tech

n
iq

u
e 

a
re

 
p

re
s
e
n

te
d

 
in

 
T

a
b

le
 

1
3

. 
T

he 
H

eebner and E
udora sh

a
le

s 

c
o

n
ta

in
 
re

l
a
t
iv

e
ly

 
h

ig
h

 
c
o

n
c
e
n

tra
tio

n
s o

f H
g . 

. T
h

e 
H

e
e 

e
r
 

a
n

d
 E

u
d

o
ra 

b
la

c
k

 sh
a
le

s, 
w

hich have a 
h

ig
h

 

c
o

n
c
e
n

tra
tio

~
 

o
f 

o
rg

a
n

ic
 m

a
tte

r as 
heavy h

y
d

ro
carb

o
n

s, 
re

p
re

­

s
e
n

t 
h

ig
h
e
r
 
c
o

n
c
e
n

tra
tio

n
s
 
o

f 
som

e 
tra

c
e
 elem

en
ts 

su
ch

 as 

C
u, 

C
r, 

Z
n

, 
N

i 
a
n

a
d

 
V

, 
a
s 

co
m

p
ared

 to
 tw

o 
o

th
e
r sh

ale sam
p

les. 

T
h

is 
c
h

a
ra

c
te

r
is

tic
 
o

f 
h

y
d

ro
c
a
rb

o
n

-ric
h

 sh
a
le

s m
ay 

b
e re

la
te

d
 

to
 
th

e
 

h
ig

h
 
o

rg
a
n

ic
 
m

a
tte

r 
c
o

n
te

n
t w

hich h
as 

th
e
 c

a
p

a
b

ility
 

o
f 

c
o

m
p

le
x

in
g

 
c
e
rta

in
 m

e
ta

l 
sp

e
c
ie

s. 



148 

T
ab

le 
6 

D
e

te
c
tio

n
 L

im
its 

(ppm
) 

A
E

 
A

A
 

IC
P

 

E
lem

en
t 

W
av

elen
g

th
 

D
.L

. 
W

avelength 
D

.L
. 

W
avelength 

D
.L

. 
(n

m
) 

(nm
) 

(run) 

C
a 

4
2
2

.6
8

 
0

.0
3

 
4

2
2

.6
7

 
0.05 

3
%

.8
 

0.06 

M
g 

2
8

5
 .. 2

2 
0

.0
7

 
2

8
5

.2
2

 
0.02 

383.23 
0.03 

F
e 

3
7

2 o O_ 
0

.0
4

 
2

4
8

.3
3

 
0

.0
4

 
259.9 

0.008 

A
l 

3
9 

.. 1
5 

0
.0

3
 

3
0

9
.3

5
 

0.05 
308.22 

0.02 

M
n

 
4

0
3

.3
0 

0
.0

2
 

2
7

9
.4

8
 

0.03 
257.6 

0.0008 

C
u 

3
2

4
.7

5
 

0
.0

6
 

3
2

4
.7

5
 

0.02 
324.7 

0.002 

P
b 

4
0

5
.8

 
0

.2
 

2
8

3
.3

0
 

0.10 
220.3 

0.03 

C
r 

4
2

5
.4

4
 

0
.0

4
 

3
5

7
.8

7
 

0
.0

1
 

267.7 
0.004 

C
o 

3
4

5
.3

5
 

o.os 
240. 72 

0
.0

3
 

228.6 
0.003 

Zn 
2

1
3

.8
6

 
0.006 

213.8 
0.002 

C
d 

2
2

8
.8

0
 

0.007 
2

2
8

.8
 X

 2 
0.005 

N
i 

3
5

2
.4

5
 

0
.0

1
 

231.6 x
2

 
0.01 

S
r 

4
6

0
.7

3
 

0
.0

0
3

 
421.5 

0.001 

B
a 

4
5

5
.4

0
 

0
.0

4
 

493.4 
0.002 

V
 

4
3

7
.9

2
 

0
.3

0
 

292.4 
0.003 

H
g 

2
5

3
.6

5
 

0.0003 

A
s 

197.20 
0.07 

M
o 

202.0 
0.01 

T
i 

334.9 
0.001 

P
04 

2
1

4
.9

 X
 2 

0
.3
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T
ab

le 
7 

E
le

m
e
n

ta
l 

C
o

n
c
e
n

tra
tio

n
s o

f N
innescah S

hale 

FA
E 

FAA 
IC

P 

E
lem

en
t 

%
 C

o
n

e. 
%

 R
S

D
 

%
 C

one. 
%

 RSD 
%

 C
one. 

%
 RSD 

C
a 

4 .. 40
 

0
.6

 
4

.7
6

 
0

.5
 

4
.6

0
 

0
.5

 

M
g 

3
.0

4
 

1
.2

 
3

.2
7

 
0

.9
 

3.28 
1

.3
 

F
e 

2o
3

6
 

0
.8

 
2

.3
2

 
0

.8
 

2
.3

8
 

0
.7

 

A
l 

.6
6

 
1

.0
 

4
.7

0
 

2
.7

 
4.83 

0
.9

4
 

M
n

 
O

o 
0

3 
3

.1
 

0
.0

9
9

 
1

.3
 

0
.1

0
 

0
.9

 

C
u 

0
.0

0
6

8
 

6
.9

 
0

.0
0

6
5

 
6

.7
 

0.019 
1

.5
 

P
b 

0
.

0
0

8
3

 
4 .,3 

0
.0

0
7

3
 

1
1

.0
 

0.014 
2

.5
 

C
r 

0
.0

1
1

 
3

.5
 

0
.0

0
6

4
 

0
.5

 
0.0063 

2
.7

 

C
o 

0
.0

0
4

2
 

4
.2

 
0

.0
0

3
1

 
4

.5
 

0.0026 
0

.6
 

Zn 
0

.0
1

9
 

2
.0

 
0.022 

1
.0

 

C
d 

0
.0

0
8

7
 

3
.4

 
0.010 

1
.8

 

N
i 

0
.0

0
5

4
 

3
.3

 
0.0048 

1
.4

 

S
r 

0
.0

1
9

 
2

.6
 

0.015 
0.43 

B
a 

0
.0

2
8

 
0

.8
 

0.026 
o.s 

V
 

0
.0

0
8

3
 

6
.0

 
0.0064 

2
.0
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T
ab

le 
8 

E
le

m
e
n

ta
l 

C
o

n
cen

tratio
n

 o
f H

eebner S
hale 

.FA
E 

FAA 
IC

P 

E
lem

en
t 

%
 C

o
n

e. 
%

 R
S

D
 

%
 C

one. 
%

 R
SD

 
%

 C
one. 

%
 R

SD
 

C
a 

0
.

4
5 

1
.0

 
0

.4
3

 
0

.4
 

0
.4

5
 

1
.6

 

M
g 

1
.0

6
 

2
.4

 
1

.0
 

0
.9

 
1

.0
5

 
1

.6
 

F
e 

3
.5

9 
0

.3
 

3
.5

8
 

0
.5

 
3

.6
8

 
1

.7
 

A
l 

7
.0 

1
.2

 
6

.9
0

 
L

O
 

7
.2

6
 

1
.9

 

M
n 

o. 
24 

3
.2

 
0

.0
2

0
 

5
.0

 
0.019 

2
.0

 

C
u 

0
.0

1
1 

7
.0

 
0

.0
1

2
 

4
.0

 
0.031 

2
.1

 

P
b 

0
.

0
1

5
 

4
.5

 
0

.0
1

2
 

4
.3

 
0.025 

3
.5

 

C
r 

0
.0

4
1

 
1

.8
 

0
.0

3
9

 
0

.7
 

0.038 
1

.8
 

C
o 

0
.0

0
4

6
 

4
.7

 
0

.0
0

3
0

 
7

.5
 

0.0033 
2

.7
 

Zn 
0

.1
0

2
 

0
.6

 
0

.1
0

 
0

.6
 

C
d 

0
.0

0
4

9
 

3
.3

 
0.0059 

2
.0

 

N
i 

0
.0

2
6

 
1

.0
 

0.022 
2

.5
 

S
r 

0
.0

0
8

7
 

2
.8

 
0.008 

1
.6

 

B
a 

0
.0

4
2

 
2

.1
 

0.053 
1

.3
 

V
 

0
.0

9
8

 
2
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