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1. Scope

1.1 This practice covers procedures for determining if a
spectrochemical analysis is under statistical control.

1.2 Criteria are presented for determining when corrective
action is required.

1.3 Control will be effected by using verifiers to test
instrument response. It is recommended, although not required,
that this be accompanied by the plotting of control charts.

1.4 The preparation of control charts is described.

1.5 Limitations—The procedures that are described do not
apply to analyses that require a calibration each time a set of
analyses is run. Reference is made specifically to optical
emission spectroscopy, but the practice has a more general
application.

1.6 This practice does not apply to validation procedures
that monitor the correctness of calibration.

2. Referenced Documents

2.1 ASTM Standards:

E 135 Terminology Relating to Analytical Chemistry for
Metals, Ores, and Related Materials?

E 158 Practice for Fundamental Calculations to Convert
Intensities into Concentrations in Optical Emission Spec-
trochemical Analysis?

E 305 Practice for Establishing and Controlling Spectro-
chemical Analytical Curves>

E 456 Terminology Relating to Quality and Statistics®

E 876 Practice for Use of Statistics in the Evaluation of
Spectrometric Data?

2.2 Other ASTM Documents:

MNL 7 Manual on Presentation of Data and Control Chart
Analysis*

! This practice is under the jurisdiction of ASTM Committee EO1 on Analytical
Chemistry for Metals, Ores, and Related Materials and is the direct responsibility of
Subcommittee E01.22 on Statistics and Quality Control.

Current edition approved May 10, 2000. Published July 2000. Originally
published as E 1329 — 90. Last previous edition E 1329 — 96.

2 Annual Book of ASTM Standards, Vol 03.05.

3 Annual Book of ASTM Standards, Vol 14.02.

* ASTM Manual Series, ASTM, 6th edition, 1990.

3. Terminology

3.1 Definitions—For definitions of terms used in this prac-
tice, refer to Terminologies E 135 and E 456 and Practice
E 876. Refer also to the glossary of terms and symbols
appearing in MNL 7.4

3.2 Definitions of Terms Specific to This Standard:

3.2.1 control limits—in control charts, the upper and lower
limits of a statistic that are not expected to be exceeded,
designated as UCL and LCL respectively in this practice. For
the statistic that is the average of more than one reading or
determination, the upper and lower limits will be equidistant
from a central line (CL) representing the expected average. For
the statistic of either standard deviation or range, the upper
limit will be farther from the central line if the lower limit is
ZEero.

3.2.2 normalization—a procedure for correcting readings to
a common basis. A special case of normalization is standard-
ization in which readings are made to conform to an existing
calibration. Normalization permits gathering data in different
periods of time and correcting for drift in a way that may be
independent of standardization routines.

3.2.3 variation—difference in an observed value from a
norm.

3.2.3.1 assignable cause—variation which can be identified
and corrected. It may be the result of a condition of an
instrument or a method of operation. For example, signal
intensities may be affected because a spectrometer is not
profiled properly.

3.2.3.2 chance or common cause—random variation which
consistently affects a system, contributing to the imprecision in
a predictable way. In the application of control charts, the
assumption is made that chance causes of variation are
normally distributed.

4. Significance and Use

4.1 Consistency in analysis depends on being aware of a
significant change in instrumental response, such as that caused
by drift or changes in analytical precision, or both, and taking
corrective action. The usual corrective action for drift is
standardization. Standardization, however, when there is no
real need, can only broaden the spread of subsequent analyses.
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One purpose of this practice is to set guidelines that will avoid
“overstandardization.”

4.2 To control manufacturing processes, there must be
confidence that a consistent material is being produced and that
the analysis of the material is reliable. For assurance that the
material meets specification, a purchaser may require the
supporting record of control charts to assess that proper
analytical control has been maintained.

4.3 Ideally, variations in analytical results may be held to
chance causes. The concept of a confidence interval or limits
on a control chart is based on what can be expected when all
normal precautions are exercised. When results appear to go
out of control, the analyst should consider and correct what
might be an assignable cause. As experience is accumulated,
however, it may not seem unusual for readings to drift with
time as optics degrade, detector response changes, or excita-
tions modify as, for example, when deposits build up on a
counter electrode (a correctable assignable cause), or the
longer range effects as an X-ray tube deteriorates.

5. Problems in Applying Control

5.1 A complication in effecting verification control or in
using control charts with spectrochemical analyses is that the
measurements being taken are not absolute. Determinations
depend upon comparisons of one measurement to another: the
relative intensity of an analytical line to the relative intensity of
an internal standard line in optical emission spectroscopy; the
interrelationship of counts in X-ray spectroscopy under some
specified condition of maintaining a fixed intensity from an
irradiating source and holding to a consistent response from a
detector with or without pulse height analyzers and with or
without an external monitor; the nonlinear relationship of
emulsion blackening to radiation in photographic measure-
ments; and the relative response in integrating for fixed times
with ostensibly constant radiation sources. Added to these is
the complication of background signal in all techniques.

5.2 Itis important to recognize that there are several sources
of random variation, including variations from the measuring
method as well as inhomogeneity in the specimens. The device
being used to test analytical response is the analytical system
itself. This differs from normal statistical process control where
an independent and usually more accurate measuring device is
used to verify the process variability.

6. Verifiers

6.1 It is recommended that readings for all potential verifi-
ers as well as standardants be established by measuring them
along with the calibrants.

6.1.1 Ideally, the full set of potential standardants and
verifiers should be run before and after a series of calibrants to
permit normalizing all calibration data to a common basis. To
achieve the best normalization of data, readings should be
recorded for all elements of interest on every standardant and
verifier, even if there is no knowledge of expected concentra-
tions. Unless there is a marked change in the before and after
measurements, the averages of a set of before and after
readings will be used for normalization.

obtained before and after a set of calibrants has been run, an instrument
problem may have to be investigated and corrected or the operational
environment improved. Reliable calibration data can be obtained only if
an instrument shows a stable operation. Practice E 876 describes ways to
test for drift.

6.1.1.1 Unless a curve fitting routine is being used that
requires ‘“‘standardizing” before running a set of reference
materials it is recommended that no normalization be done
until all calibration data has been recorded. Strictly speaking
standardization, as defined in Terminology E 135, only can be
done after a calibration has been established. If a normalization
to some prescribed set of readings is done as if it were a
standardization before each time a set of reference materials is
run, the resulting record of readings can be treated as if no
standardization had been done.

6.1.2 Choose one set of averages of before and after
readings of 6.1.1 as the norm. A grand overall average of the
sets may be used if that seems like a reasonable median of all
sets. Exclude any readings for a element in a reference material
that does not show comparable repeatability to what was
observed for that element in other materials. For higher level
readings, the comparison should be made to observed relative
repeatabilities.

6.1.2.1 For an ideal normalization of readings, determine
the regression fit of a set of observed readings, x, to expected
readings, y. This linear regression, which is also supported by
Practice E 305, commonly is done on electronic calculators or
computers by the following equations to determine a slope, m,
and a constant, k, which can be used to correct observed
readings to an established norm:

_ nZxy - Zx(Xy)

TR 0R) — (x) @

and
k= (Zy—-mZx)n 2)

where the summations of functions of x and y are as fol-
lows:
x = the observed average readings of an element in a
calibration set,
the expected normal readings for that element, and

= the number of pairs of x and y readings.
6.1.2.2 Apply the appropriate m and k corrections to the
averages of the verifiers and standardants, as well as to the
calibrants in each calibration set, as follows:

y
n

Ry =mR, + k 3)
where:
Ry = normalized reading, and
R, = observed average reading.

The grand averages of the normalized readings of the
standardants and verifiers will become the values used for
standardizing.

6.1.3 If the analytical system only can support the early
convention of “two-point” standardization, and if the only
permissible normalization is a quasi-standardization, before
collecting calibration data it is still advisable to record all
readings for all elements in all reference materials to establish

Note 1—If there appears to be a drift between readings of standardants

a full record of what can be expected @gbu mmS
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materials (see 8.6). The initial set of “normal” readings are
reasonable starting points. Neither the preferred method of
using a regression fit nor the recommendation of waiting until
all data have been logged before assigning normal values are
infallible. Modification of these values always should be an
option as more experience is gained. It is expected, however,
that the preferred methods will arrive at the ideal normal values
earlier.

6.1.3.1 If the operating system is based on two-point stan-
dardization, Eq 3 still would be used to normalize or standard-
ize readings. The generation of slope and constant corrections,
however, would be as follows:

m = (Hy — Lg)/(H, — L) 4)
and
k= Hp—m(Ho) (&)

where:
H, = Reference or normal reading of the high standardant,
L, = Reference or normal reading of the low standardant,
H, = Observed reading of the high standardant, and
L, = Observed reading of the low standardant.

6.1.4 If data are later transformed by a slope and intercept to
give a different scaling for the calibration, the same transfor-
mation must be applied to the readings of standardants and
verifiers.

6.2 If a verifier (or a new standardant) is established after a
calibration has been defined, the expected reading can be
established as follows:

6.2.1 Shortly after a standardization, run the verifier in
replicate and keep a record of its average reading. Average
about ten such observations made after new standardizations to
obtain a good representation of the expected reading.

6.2.1.1 Normalization coefficients are determined by mak-
ing a linear regression fit of normal readings as a function of
observed readings, such as is done in Practice E 305 in
establishing a straight line relationship by the method of least
squares. The “normal” set of readings can be either overall
averages or a set that appears to be a median of all sets. The
“slope” of this regression becomes the proportional factor, m,
and the “intercept” the constant, k.

6.2.2 If a verifier has to be established in a shorter time than
the requirements of 6.2.1, a set of standardants and selected
calibrants can be run along with the verifier. The data may then
be analyzed as described in 6.2.1.1, with the expected readings
of standardants and calibrants used as the normal readings.
This should be repeated at least two more times. Average the
corrected verifier readings to obtain a good estimate of the
expected reading.

6.2.2.1 The estimate of standard deviation for the verifier
can be improved by pooling with readings that are similar or if
it can be defined by an overall pattern of deviation with
intensity.

6.3 Final statements of performance of a verifier should be
in terms of concentration. Standard deviations in terms of
reading can be converted to an equivalent standard deviation in
terms of concentration by multiplying by the slope of the of the
calibration equation at the point of the verifier reading. Details
are given in Annex Al.

6.3.1 If a deliberate change is made in the slope of a
calibration curve after the collection of data, such as might be
done in the transformation in 6.1.4, the effective standard
deviation of the reading will be the previous observed standard
deviation divided by the factor used to change the slope of the
curve. Thus, if a standard deviation has been calculated as
being 0.6 when a curve slope (change of concentration divided
by change in reading) at some point was 0.4, it would become
0.3 if the curve was made twice as steep, that is, when the slope
at the same point was changed to 0.8.

7. Use of Confidence Interval to Control Spectrochemical
Analysis

7.1 Practice E 876 uses Student’s t-table to establish the
range of reading or concentration around an average that will
include the true reading or concentration at some confidence
level. The calculation includes the standard deviation of the
measurement. To be effective, the standard deviation should be
estimated with at least 16 df. The interval straddling the
average will be *1s/ \/ﬁ , where ¢ is a factor from the #-table
for some probability level, s is the estimate of standard
deviation, and 7 is the number of readings taken for one
observation. If control of a method depends upon observing an
intensity reading, the confidence interval may be in terms of an
intensity reading. If a method uses a computer to display
concentration, the confidence interval should be in terms of
concentration.

7.1.1 If the confidence interval is used to judge when drift
has occurred, it will be appropriate to use a confidence level of
95 % to anticipate when control may be in jeopardy.

7.1.2 Tt will be satisfactory to use 2.0 as an approximation of
a t-factor for the 95 % confidence. When it is observed that a
verifier has exceeded this range, often referred to as a
“2-sigma” limit, a standardization should be done. This can be
a half correction if the verifier reads less than three times the
standard deviation, the “3-sigma” limit. Practice E 305 de-
scribes procedures for half corrections. See also 8.5.3.

7.1.3 Any verifier which exceeds the “3-sigma” limit will
require a full standardization correction unless there is an
assignable cause for the divergence. For an assignable cause, a
second verification can be made after correcting the problem to
see if standardization is necessary.

8. Use of Control Charts to Control Spectrochemical
Analysis

8.1 Like confidence interval, control charts include upper
and lower limits based on repeatability. Since observations are
made on more than isolated tests of a verifier, correction is not
required when a “2-sigma” limit has been reached, as called for
in 7.1.2. Other indicators, however, may call for correction
before a verifier has reached the “3-sigma’” limit. Other
observations include monitoring precision and the pattern of
the measurements.

8.2 To control a spectrochemical analysis, use one chart to
plot the data of the average readings or determinations made on
a verifier and another chart to monitor the precision of the
measurement. The latter can either be an estimate of standard
deviation or a calculation of range of any one set of observa-
tions.
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Note 2—Process control is often able to operate satisfactorily with X, Averages

0.380

single samples and measurements, and to monitor range by comparing a vee | I ] ] i
current observation with a previous one. For spectrochemical analysis,
however, it is generally preferable to make at least duplicate determina-
tions. Whatever replication is selected, it should be used consistently for
all observations in order to avoid warping the monitoring of precision. 0.345 |
(MNL 7, however, does explain how to handle cases in which uneven /i
sampling is used.) / |
cL / ]
8.2.1 The appropriate control is one in which the results A 7 i/
expected for a verifier are known. This fits the category of 0.340 TR /
Control With Respect to a Given Standard that is covered in / \[/
Sections 18 through 21 in MNL 7. / \L/
8.3 Two types of control can be maintained: ! |
8.3.1 Record of Verifier Response During Routine Opera- 0.33sitct | | |
tion that Establishes that a Method Is Being Maintained in f
Statistical Control—This permits maintaining the instrument ' i
in an efficient manner and holding analyses to as small a 1 } i l j
variation as possible. | T l
8.3.2 Record of Verifier Response that Establishes that Drift 0230
Is Being Properly Controlled by Standardization—If there is a 0.020n-Ranges
need for frequent, routine standardization, control charts may vee |
be used to monitor the effectiveness of the standardization by
recording verifier response after a standardization. When T
verifier readings go out of limits under these conditions, 0.010. 71N
correction may require redetermining the relative signals of A / 1\ !
standardants, verifiers, and calibrants. T v —\ :
8.4 Preparation of Control Charts—See Fig. 1for a typical ] 4 \\ //]
display of a control chart in which range, R, is used to monitor 0 ] ]
repeatability. Prepare a similar graph with appropriate scales o-000
for X values and for R or s values. Date/Time
Readings %Sb!.335 | .30 .380|.937 |84 |.321 .3y | 302
411343 (3371948 (386 | 340 |.346 | 345
23341346 1335 | 36 (343 13487 333 348
Start Average 13371343 1,337 |.342 {3423 |.542 |. 340 | 345
Measurements Range [006| 006 |.008 | 004 |.003 | .005 | 013 | .00
are: Notes
* FIG. 1 Control Chart for Antimony in Solder
More than NO
2-sigh;/‘n;:r:rom - ACCEPT MEASUREMENTS
v * . ﬂ where: . .
A =3/ \/ﬁ , the factor appearing in Table 1 for n
More than Vo 2 conseculive o Range of 2 o 4 consecutive o :,?SZZ::; ";:"2 Observations’ and
S ™ zl‘%f.f}fé'm ™ mi}i';féi"ne;'s ™ 1.'2%‘337&, 7] on same sice ot so = established standard deviation of a measurement. See
YES { YES ‘ vesi YEi YES* 9.1.1
Draw horizontal lines for these and mark as being UCL and
MEASUREMENTS OUT OF CONTROL LCL.
8.4.2 Precision—Precision (or imprecision) can be moni-
FIG.2 Westgard Rules tored by determining either the standard deviation of a mea-

surement or the range, the difference between the largest and
smallest observed value. For the normal replication of spectro-
metric measurements, the use of range is generally preferred.

8.4.2.1 Using Range (R)—Calculate the central line using
the following equation:

8.4.1 Average Measurements:
8.4.1.1 Draw a horizontal line for the expected average
measurement of the verifier, X,), and mark as being CL, central

line. CLg = dysg ¥
8.4.1.2 Calculate the upper and lower control limits, Also calculate the upper and lower control limits using the
“3-sigma” limits, using the following two equations: following two equations:
UCLy = X, + As, (©6) UCLy, = D,s, 9)
LCLy =X, — As, ) e, =0is,  Documents
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