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Figure 2. Irradiation configuration.

S. C2, S...., S. C1. STD4, STD3, STD2, STD1

S = SAMPLE
STD= STANDARD

C:=CONTROL SAMPLE

Figure 3. Measurement configuration.

References

[1] Date, A. R., Preparation of Trace Element Reference Mate-
rials by a Co-precipitated Gel Technique, Report No. 101,
Institute of Geological Sciences, London, March 1977.

[2] Vanskii, L., Rosenberg, R. J., and Pitkinen, V., Nucl. In-
strum. Methods 213, 343 (1983).

[3] Rosenberg, R. J., and Viinskii, L., STOAV84, a Computer
Program for an Automatic Gamma Spectrometer for Acti-
vation Analysis, Technical Research Centre of Finland, Re-
search Notes 415, Espoo, 1985.

[4) Rosenberg, R. I., Kaistila, M., and Zilliacus, R., J. Ra-
dioanal. Chem. 71, 419 (1982).

Importance of Chemical Blanks and
Chemical Yields in Accurate

Trace Chemical Analysis

W. R. Kelly and S. A. Hotes

Inorganic Analytical Research Division
Center for Analytical Chemistry

National Bureau of Standards
Gaithersburg, MD 20899

1. Introduction

"The fundamental limitation to accuracy in
chemical analysis is systematic error" [1]. System-
atic error arises whenever the actual nature of the
measurement process differs from that assumed.
For a measurement to be both accurate and precise
the measured value must be corrected for all
sources of systematic error or bias and the true
value must lie within the stated uncertainty with
some stated level of confidence. Accurate chemical
determinations require accurate knowledge of the
chemical blanks and chemical yields at each stage
of the separation process. A true blank correction
can only be made if the exact functional form of the
blank correction is known. If the blank correction
is not exact, a bias may be introduced in the final
value.

Murphy has noted that the analytical blank may
be considered the "Achilles Heel" in chemical
analysis [2]. Frequently, precise and otherwise ac-
curate methods produce highly biased results from
a lack of knowledge of, or improper consideration
of, the chemical blank. For many types of measure-
ments it is frequently necessary or highly desirable
to isolate the element of interest in essentially pure
form from the matrix in which it is found. This
procedure typically involves decomposition of a
sample with mineral acids and isolation of one or
more elements by several solvent extraction or ion
exchange steps. In each purification step, sample
and blank atoms may be lost resulting in blank am-
plification in succeeding steps. The relationship be-
tween chemical yields and blank amplification is
seldom discussed in the literature. Although blanks
are frequently discussed in the chemical literature
and guidelines for evaluating the blank correction
have been published (see e.g., [3]), we are aware of
only a few papers where the relationship between
blanks and chemical yields is discussed [4-7].

228

I s s sc,, I



Volume 93, Number 3, May-June 1988

Journal of Research of the National Bureau of Standards

Accuracy in Trace Analysis

In this note, we limit our focus to the effect of
chemical blanks and chemical yields on the accu-
racy of chemical measurements. Their effect on
both accuracy and precision will be discussed in
more detail in a later paper.

2. Definition of Chemical Yield and
Chemical Blank

For this discussion the term chemical yield is
synonymous with the term recovery which refers
to the fractional amount of a substance reclaimed
from a purification process. We will take the fol-
lowing as an operational definition of the chemical
blank: the chemical blank is the sum of all sources
of the element or compound being determined that
is not indigenous to the sample but is measured by
the detector. Chemical species other than the ana-
lyte of interest that give the same response in the
detector are not considered chemical blank.

3. Accuracy

An accurate measurement is one which obeys
the following condition:

IMc-TI =0 (I)

where T is the true value and M, is the corrected
experimentally measured value given by one of the
following two relations:

Mc=f(M, Bi, Yj) (2a)

M =M-f(Bj, Yj) (2b)

In actual practice we say that a measurement is
accurate if it differs from the true value by less than
some specified amount, say e:

lM,-T) <c (3)

where B, and Yj are the chemical blanks and chem-
ical yields which are subject to the boundary con-
ditions:

bk-<Bi <bi (4a)

y* < Y1 <y, (4b)

where the absolute magnitude of the upper and
lower bounds may or may not be equal. We are
interested in examining the functional form [eqs
(2a) and (2b)] that relates the measured value, the
chemical blanks, and the chemical yields. In partic-
ular we wish to know under what conditions, if
any, measurements can be made to obey eq (1).

4. Difference Between External and Inter-
nal Techniques

Chemical techniques can be grouped into two
broad categories. For convenience, we will refer to
techniques that have an internal standard as inter-
nal techniques whereas those that require external
standards as external techniques. An example of an
internal technique is isotope dilution in which an
enriched or radioactive isotope of the element of
interest is added to the sample. After dissolution of
the sample and separation of the element of interest
from the matrix the isotopic ratio of the mixture is
then measured. Examples of the external tech-
niques are the many spectroscopic techniques that
compare the response of the sample to that of a
standard. We wish to consider the functional form
of several blank corrections and compare these to
the exact blank corrections to ascertain the magni-
tude of the bias that is introduced. We will assume
that measuring devices in both the internal and ex-
ternal cases are perfect and introduce no error. We
will assume that both techniques must dissolve the
sample and chemically separate the element of in-
terest by an n-step separation process. During the
dissolution step the sample picks up a reagent
blank, BR, and at each successive separation step
the sample is subject to a blank B1 . After the chem-
ical separation process the sample encounters an
instrumental blank or loading blank inherent to the
measurement system designated as BL We will
consider the case which is encountered in most in-
stances in chemical analysis in which both sample
and blank are lost together for a two-step (n =2)
separation process.

4.1 External Case

For the external case the measured value is given
in general by the following relation:

M=(T+BR)ll Y +± BllY+BL
j=0 =,1 j=I (5)
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which gives for n =2 the following:

M= YoYIY2 T+ YoYY 2 BR+ YY 2B1

+ Y2B2+BL (6)

which on rearrangement gives for the true value
the following:

T= I [BR + ~~~l + 12 + BL ] (7)
T1y Y Y-[B YO YOYI YOYIY2]

Therefore, for the external technique eq (1) only
holds true when the right hand side of eqs (2) and
(7) are identical. It is evident from eq (7) that to
measure the analyte accurately requires knowledge
of eight unknowns. Note that the measured value
must be divided by the total chemical yield before
applying the blank corrections. Therefore, even if
the chemical blanks are negligible the measured
value will be less than the true value for yields less
than unity.

4.2 Internal Case

For the internal case the measured value, M, is
given in general by the following:

n /-I a
M=T+B,+XBfYj-1'+BLHYY-' (8)

j=D0 1=

which gives on rearrangement for n = 2 the follow-
ing for the true value, T:

T=M-[BR++ B2 + B Y (9)
Yo YOY Y.oY1 2

which is similar to eq (7) for the external case but
with the very important difference that the mea-
sured value is not divided by the total chemical
yield. Therefore, if the chemical blanks are negligi-
ble the measured value will be equal or very close
to the true value. This is a unique advantage of
isotope dilution compared to other techniques. It is
commonly stated that the accuracy of isotope dilu-
tion is independent of chemical yields. However, it
is important to emphasize that the chemical yield
does in fact enter into the final value of an isotope
dilution measurement in the blank correction terms
as shown in eq (9). This fact is frequently over-
looked or not considered when measurements are
reported.

5. Comparison of External and Internal
Methods

A simple way of illustrating the differences be-
tween the two methods is to consider the case
which is often encountered in trace determinations
where the blank approaches the size of the analyte
of interest. For illustration let us assume that
T= 10, BR=I, B,=2, B2=2, BL=O0I, and Y= 1.

5.1 Case A-No Blank or Yield Correction

In figure 1, the measured values for the external
[eq (6)] and internal [eq (8)] techniques are plotted
assuming no corrections for chemical blanks or
chemical yields. Note that the internal method is
close to the true value but is biased in the positive
direction for all values of Y,. Because Y1 only ap-
pears as a coefficient of BL, the measured value is
not strongly influenced by the value of Y2 [see eq
(8)]. The measured values from the external tech-
nique define a line of negative slope whose inter-
cept is strongly influenced by the value of Y1. As Y,
becomes smaller the line moves to lower values.

5.2 Case B-Total Blank Correction, No Yield
Correction

This is the type of correction that is frequently
used by chemists and is referred to as a straight
blank correction. In this case the total chemical
blank, BT=BR+I Bi+BL, is subtracted from the
measured value, M. This gives for the external and
internal techniques the following two equations
which are plotted in figure 2 for Y1= 1:

External Technique

M,=T(YoYIY 2)+BR(YDOYY2- I)

+B1 (YY 2 -I)+B 2(Y2 -l)

Internal Technique

M'=T+B(- 1)+B2(YYI -)

+BL(YYI Y- 1)

(10)

(I 1)

From inspection of eqs (10) and (11) one can see
that for the external case Mc T for all values of B1,
whereas the converse (M,>T) is true for the
internal case. As Y2 becomes smaller the external
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line drops to lower and lower values whereas the
internal line is essentially unchanged due to the
small dependence of eq (11) on Y1. It is clear from
figure 2 that the internal method gives a more ac-
curate result for all values of B. and Yj.

CASE A - NO CORRECTIONS FOR BLANKS OR YIELDS

20

15

5.3 Exact Correction-Internal Case

It should be noted that with isotope dilution it is
possible to measure the chemical yield at any point
in the chemical separation for each sample by
adding another isotope to the sample. For the case
of n =2, if one knows the B,'s, and determines the
chemical yield after step 1, this allows the follow-
ing approximate blank correction to be used:

f(BB, Yj)=BR+LB+ B2 YDYI

5

0 .
0.2 0.4 0.6 0.8

Yield - Yl
1.0

Figure 1. Plot of the measured values for the External [eq (6)]
and the Internal [eq (8)] methods.

(12)

CASE B - STRAIGHT BLANK CORRECTION

Subtracting the r.h.s. of eq (12) from the r.h.s. of eq
(8) gives the following for the corrected value:

20

15

MC=T+Bj(Y l)+BL(yD>- yDyI) (13) Mclo

which for Y,= 1 is a function of only BL and the
chemical yields. Since the coefficients of B. and BL

are positive M 0>T. Equation (13) yields values
which differ from the true value by a very small
amount. For example, for Y1=Y2=0.5 eq (13)
equals T+2BLu

6. Conclusions

5.

0.
0. 2 0.4 0.6 0.8 1.0

Yield - Yl

Figure 2. Plot of the corrected measured values [eqs (10) and
(I1)] using as the blank correction total subtraction of the chem-
ical blank.

The important point is that all approximations to
the blank and yield correction introduce a system-
atic error into the final result whose magnitude will
depend on the Sample/Blank ratio, the chemical
yields, and blanks for individual steps in the separa-
tion process for n > 1. If chemical yields cannot be
determined, they should be bounded. The number
of separation steps should be kept as small as possi-
ble because the number of unknowns is equal to
2n +4. For n =2, a nearly exact solution can be
used in isotope dilution determinations which is not
true for the external method case because the
yields must be determined in parallel experiments
and cannot easily be determined on an individual
sample.
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The Importance of Quality
Assurance in Trace Analysis

John K. Taylor
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1. Introduction

The quality of data must be known if it is to be
used in any logical sense in any decision process.
Data must be both technically sound and defensi-
ble. This simple statement seems axiomatic, yet its
impact only recently has been widely recognized.
And even today, much of the data generated for
environmental, health, and other vital purposes is
of questionable quality.

Data quality has impact on the attainable accu-
racy of every measurement. In trace analysis,
which is often pushing the lower limits of measure-
ment, it influences the decision of whether the mea-
sured value has any significance, whatsoever.

The effect of data quality on any analytical deci-
sion is illustrated in figure 1. The total uncertainty
is indicated by the bounds for bias (dotted areas)
and the random component (curve enclosed areas).
A value just at the decision level, D, has some
probability of being either larger or smaller than
that measured. Even a value of A, well above D,
has a probability of being smaller, changing the de-
cision from YES to NO, and conversely for a value
B. The indecision zone is clearly a function of im-
precision and bias, both of which must be known
and estimated.

A similar situation exists for the decision of de-
tection, shown in figure 2. Detection consists in
whether a measured value is larger than its uncer-
tainty, and data are only quantitatively useful if

their relative uncertainty is reasonably smaller than
the measured values. The limit of detection (LOD)
and the limit of quantitation (LOQ) depend on the
magnitude of the standard deviation and the
bounds for bias. The limits in figure 2 correspond
to those recommended by the American Chemical
Society, Committee on Environmental Measure-
ment [1].

It should be clear that data uncertainty must be
known and the measurement system must be stable
if data are to be used with confidence. Their qual-
ity must be assured by the producer and to the
user(s). Until a measurement system has achieved
statistical control, it cannot be considered in any
logical sense as measuring anything at all [2].

2. What is Quality Assurance?

Quality assurance consists of all activities under-
taken to produce data of evaluated quality [3]. It
consists of two separate but related activities: Qual-
ity Control-What is done to obtain data of accept-
able quality, and Quality Assessment-What is
done to evaluate the quality of the data produced.

3. Quality Control

All sources of variability of the measurement
process must be stabilized and optimized, consis-
tent with the end use of the data. Bias control must
be implemented as well. All of these become ex-
tremely critical in trace analysis. The major
sources of imprecision and bias are shown in table
1. The impacts indicated are for the average case
and will differ in importance according to the situ-
ation and the degree of control that is achieved.

Table 1. Sources of uncertainty in trace measurements

Source Impact Precision Bias

Sample high-to-extensive m M
Sub-sampling high M M
Chemical operations high M M
Losses high m M
Contamination medium-to-high M M
Blank medium-to-high m M
Calibration medium-to-high m M
Instrumentation low-to-medium m m

m= minor contributor
M =major contributor
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