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Fig. 4 Calibration curve for ICP 
analysis showing detection limits 
and concentration of analyte in 
sample 

f--f--+-+-+-+-+-+-+-+-+-+- Stand a rd 
I I P 

£ 1--·
-
-·

1-
··--·1-··--·+··--·+· --·+· ---+--+--+

--
+

-------+--------j1--�---j-
m
i---
_��!

e

Fc
'?

-+
-

--l 
� 1--+-+-- -+-+-t---+-+--+ I / ! 
2 Stan�ar�j! !
:

--

- i/1 
.� A 

� ,c s1!nJard _j__� 
f----+

--
+---+--+-+--+--+--+'----l I I ! 

2 x stand a rd -l--h-'-l--1--1--1--+--+---+'--+---, 
deviation ,' 

�
I
- ---1----1- ---'--_-_ ,+c�r"--+-+D- e+t-ec+t

-
io+n

-
1 i
-+m

-
it+--+-+---+---,

0.001 0.01 

,' : 
0.1 

Concentration, µg/ml 
10 100 

Analytical 
Characteristics 

The ICP as an analytical technique pro
vides the capability of performing simulta
neous multielement analysis for as many as 
60 elements within 1 to 2 min; applicability 
to most elements in the periodic table; a 
large linear dynamic range ( calibration 
curves that are linear over three to six orders 
of concentration magnitude), enabling 
determination of trace, minor, and major 
components in a single analysis; detection 
limits in the parts per billion (ng/mL) range 
for most elements; precision and accuracy 
on the order of I%; and relative freedom 
from chemical interferences. 

Detection limits for the ICP are deter
mined by first establishing a calibration 
curve (plot of signal intensity at a given 
wavelength versus concentration for a series 
of standard solutions). The detection limit is 
calculated as the concentration that would 
correspond to an analytical signal equal to 
two (or three, according to choice of defini
tion) times the standard deviation (noise) of 
repeated measurements of a blank at that 
wavelength (Fig. 4). This concentration is 
the lowest value measurable with any cer
tainty as present in the sample. These detec
tion limit values must be considered extreme 
limits, because they are determined under 

ideal situations. Practical detection limits 
will be somewhat higher. Some sample prep
aration procedures, such as dissolution and 
dilution, necessarily degrade the achievable 
detection limits of the elements in the origi
nal sample material. 

Precision and Accuracy. The preci
sion of the ICP technique is usually deter
mined by making several consecutive mea
surements, then calculating the standard de
viation of the replicates as a percentage of 
the mean value. Major causes of signal 
fluctuations in the ICP are small variations in 
the RF power applied to the plasma and 
changes in the nebulization process. Preci
sion can be increased to less than 1 % by 
close regulation of the RF power (most new 
instrumentation accomplishes this to 
±0.1%), by improved nebulization tech
niques, or by use of an internal standard. 
Nebulization is stabilized by using a mass 
flow controller to regulate the nebulizer gas 
flow and by use of improved nebulizer de
signs, such as the high-pressure crossflow 
nebulizer. The accuracy of the ICP technique 
is essentially limited by the precision and by 
systematic errors, such as interference ef
fects, but is usually shown to be comparable 
to the precision. 

Interference effects, sometimes 
termed matrix effects or interelement effects, 
are any phenomenon that interferes with the 
intensity versus concentration relationship of 
the analyte due to the presence of other 
components in the sample. Interference ef
fects may be classified as spectral, vapor
ization-atomization, and ionization. Some 
causes in the latter categories may be physi
cal or chemical. 

Spectral interferences, a basic problem in 
any emission technique, arise from the 
incomplete isolation of radiation emitted by 
the analyte from other radiation as detected 
by the instrument. The emission spectra of 
many elements are complex, and the high 
temperatures of the ICP allow transitions 
from many excited states of the atom. Thus, 
the wavelength of the emission line selected 
for analysis may coincide with that of a line 
emitted by another component of the sample 
( direct spectral overlap), or the two lines 
may be so close in wavelength that they 
partially overlap (partial or wing overlap). If 
these close or coincident lines are not 
resolved at the detector, spectral interfer
ence occurs, and the intensity reading is 
erroneously high for the true concentration 
level. 

Spectral interferences are fundamental 
problems in emission spectroscopy and will 
still occur for the ICP. Although partial 
overlaps may be reduced by using high
resolution spectrometers, direct spectral 
overlap necessitates selection of alternative 
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