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Establishing Spectrophotometer Performance Tests
This standard is issued under the fixed designation E 1866; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope E 387 Test Method for Estimating Stray Radiant Power

1.1 This guide describes basic procedures that can be used Ratio of Spectrophotometers by the Opaque Filter Method
to develop spectrophotometer performance tests. The guide is E 925 Practice for the Periodic Calibration of Narrow Band-
intended to be applicable to spectrophotometers operating in _Pass Spectrophotometeérs _
the ultraviolet, visible, near-infrared and mid-infrared regions. E 932 Practice for Describing and Measuring Performance

1.2 This guide is not intended as a replacement for specific _Of Dispersive Infrared Spectrometérs _
practices such as Practices E 275, E 925, E 932, E 958, E 1421 E 958 Prqcuce f_or Measuring Practical Spectral Bandwidth
or E 1683 that exist for measuring performance of specific _Of Ultraviolet-Visible Spectrophotometérs
types of spectrophotometers. Instead, this guide is intended to E 1421 Practice for Describing and Measuring Performance
provide guidelines in how similar practices should be devel- Of Fourier Transform Infrared (FT-IR) Spectrometers:
oped when specific practices do not exist for a particular _Level Zero and Level One Tests o
spectrophotometer type, or when specific practices are not E 1655 .Practlce for Infrared, Multivariate, Quantitative
applicable due to sampling or safety concerns. This guide can Analysis . _ .
be used to develop performance tests for on-line process E 1683 Practice for Testing the Performance of Scanning
spectrophotometers. Raman Spectrometérs

1.3 This guide describes univariate level zero and level on :
tests, and multivariate level A and level B tests which can be% ' Termln.ol_o.gy ) _
implemented to measure spectrophotometer performance. 3-1 Definitions—For terminology relating to molecular
These tests are designed to be used as rapid, routine checksSBctroscopic methods, refer to Terminology E 131.
spectrophotometer performance. They are designed to uncover3-2 Definitions of Terms Specific to This Standard:
malfunctions or other changes in instrument operation, but do 3:2-1 action limit n—the limiting value from an instrument
not specifically diagnose or quantitatively assess the malfund2€rformance test, beyond which the spectrophotometer is
tion or change. The tests are not intended for the comparison &KPected to produce potentially invalid results.
spectrophotometers of different manufacture. 3.2.2 check samplen—a single pure compound, or a

1.4 This standard does not purport to address all of theknown, reprodu_C|bIe mixture o_f compounds Whose spectrum is
safety concerns, if any, associated with its use. It is th&onstant over time such that it can be used in a performance
responsibility of the user of this standard to establish appro—teSt- _
priate safety and health practices and determine the applica- 3-2-3 level A testn—a pass/fail spectrophotometer perfor-

bility of regulatory limitations prior to use. mance test in which the spectrum of a check or test sample is
compared against historical spectra of the same sample via a
2. Referenced Documents multivariate analysis.
2.1 ASTM Standards: 3.2.4 level B testn—a pass/fail spectrophotometer perfor-

E 131 Terminology Relating to Molecular Spectroscopy ~Mance test in which the spectrum of a check or test sample is
E 275 Practice for Describing and Measuring Performancé@nalyzed using a multivariate model, and the results of the

of Ultraviolet, Visible, and Near-Infrared Spectrophotom- analysis are compared to historical results for prior analyses of
eterg the same sample.

3.2.5 level one (1) tesin—a simple series of measurements
designed to provide quantitative data on various aspects of
spectrophotometer performance and information on which to

 This guide is under the jurisdiction of ASTM Committee E-13 on Molecular hase the diagnosis of problems_

Spectroscopy and is the direct responsibility of Subcommittee E13.11 on Chemo- 3.2.6 level zero (O) testn—a routine check of Spectropho-
metrics. T . . "
Current edition approved March 10, 1997. Published May 1997. tometer performance, which can be done in a few minutes,

2 Annual Book of ASTM Standatdgol 03.06. designed to visually detect significant changes in instrument
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performance and provide a database to determine instrume8pectral data used in performance tests should be date and time

performance over time. stamped, and the results of the tests should be stored in a
3.2.7 optical reference filtern—an optical filter or other historical database.

device which can be inserted into the optical path in the

spectrophotometer or probe producing an absorption spectrué Samples Used for Performance Testing

which is known to be constant over time such that it can be g 1 The sample used for performance testing is chosen to be
used in place of a check or test sample in a performance tegfompatible with the spectrophotometer configuration, and to

3.2.8 test samplen—a process or product sample, or a proyide spectral features which are adequate for the tests being
mixture of process or product samples which has a CO”Sta'Herformed.

spectrum for a finite time period and which can be used ina g1 1 The sample used for performance testing should

performance_test: Test samples and their spectra are genera&gnera”y be in the same physical state (gas, liquid, or solid) as
not reproducible in the long term. the samples to be analyzed during normal operation of the
o spectrophotometer.
4. Significance and Use 6.1.2 The sample used for performance testing should be
4.1 If ASTM Committee E-13 has not specified an appro-physically and chemically compatible with the samples ana-
priate test procedure for a specific type of spectrophotometelyzed during normal operation.
or if the sample specified by a Committee E-13 procedure is 6.1.3 The sample used for performance is chosen such that
incompatible with the intended spectrophotometer operatiorits spectrum is similar to the spectra which will be collected
then this guide can be used to develop practical performanaguring normal operation.
tests. 6.1.4 The sample used for performance testing should have
4.1.1 For spectrophotometers which are equipped with perseveral significant absorbances (0.3 < absorbance < 1.0) across
manent or semi-permanent sampling accessories, the tesle spectral range used for normal operation of the spectropho-
sample specified in a Committee E-13 practice may not beometer.
compatible with the spectrophotometer configuration. For ex- 6.1.5 In order to adequately determine the photometric
ample, for FT-MIR instruments equipped with transmittance oflinearity of the instrument, the peak absorbance for at least one
IRS flow cells, tests based on polystyrene films are impracticalabsorption band of the sample should be similar to and
In such cases, these guidelines suggest means by which tRgeferably slightly greater than the largest absorbance expected
recommended test procedures can be modified so as to Iag samples measured during normal operation.
performed on a compatible test material. 6.2 Check SamplesCheck samples are generally used for
4.1.2 For spectrophotometers used in process measurgonducting performance tests. Check samples are single pure
ments, the choice of test materials may be limited due t¢ompounds or mixtures of compounds of definite composition.
process contamination and safety considerations. These guide-g 2 1 |f mixtures are utilized as check samples, they must be
lines suggest means of developing performance tests based Gepared in a repeatable manner and, if stored, stored such that
materials which are compatible with the intended use of thgnhe mixture is stable over long periods of time. In preparing
spectrophotometer. mixtures, components should be accurately pipetted or
4.2 Tests developed using these guidelines are intended {gejghed at ambient temperature. It is recommended that
allow the user to compare the performance of a spectrophgnixtures be independently verified for composition prior to
tometer on any given day with prior performance. The tests argge.
intended to uncover malfunctions or other changes in instru- g 2 2 Wwhile mixtures can be used as check samples, their

ment operation, but they are not designed to diagnose Qfpectra may be adversely affected by temperature sensitive

quantitatively assess the malfunction or change. The tests afgeractions that may manifest themselves by wavelength
not intended for the comparison of spectrophotometers offrequency) and absorbance changes.

different manufacture. 6.3 Test SamplesA test sample is a process or product
- sample or a mixture of process or product samples whose

5. Test Conditions spectrum is expected to be constant for the time period it is

5.1 When conducting the performance tests, the spectrophased in performance testing. The test sample must be stored in
tometer should be operated under the same conditions as wblulk quantities in controlled conditions such that the material is
be in effect during its intended use. Sufficient warm-up timestable over time.
should be allowed before the commencement of any measure-6.3.1 Since test samples are often complex mixtures which
ments. cannot be synthetically reproduced, they can only be used for

5.1.1 If possible, the optical configuration used for measureperformance testing for limited time periods. If test samples are
ments of test and check samples should be identical to that useged for this purpose, collection of historical data on a new test
for normal operations. If identical optical configurations aresample should be initiated before previous test samples are
not possible, the user should recognize that the performanaepleted. It is recommended that new test samples be analyzed
tests may not measure the performance of the entire instrisequentially with old test samples at least 15 times before they
ment. are used to replace the old test sample. The 15 analyses must

5.1.2 Data collection and computation conditions shouldoe performed over a time period that does not exceed one
generally be identical to those used in normal operationmonth in duration.
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6.4 Optical Filters—An optical reference filter is an optical ric noise tests may be conducted on the spectrum of a check or
filter or other optical device located in the spectrophotometetest sample at regions where the spectrum is relatively flat and
or in a fiber optic sample probe which produces an absorptiothe sample absorbance is minimal (<0.1).

SpeCtrUm which is known to be constant over time. This filter 7.2.1 For Sing|e beam Spectrophotometers where back-
may be automatically inserted into the optical path to allowground and sample spectra are measured separately at different
instrument performance tests to be performed. times, a 100 % line spectrum is obtained by ratioing two
6.4.1 Optical filters are used principally with on-line pro- syccessive background measurements to obtain a transmittance
cess spectrophotometers equipped with fiber optic probes whefpectrum. If, during normal operation of the spectrophotom-
removal of the probe is inconvenient, precluding the use Okter, backgrounds are collected with a reference material in the
check or test samples for routine instrument performanc@ptical path, then this same configuration should be used for
testing. S . performance testing. Photometric noise calculations are pref-
6.4.2 If an optical filter is used routinely to check or correCteraply done directly on the transmittance spectrum. Alterna-
the spectral data collection or computation, then the same filtqfve|y, the transmittance spectrum may be converted to an

is prefe_rably not used for instrument perfqrmance testing. 'fth_%lbsorption spectrum by taking the negative, lpbefore the
same filter is used, then the part of the filter spectrum used 'Fhotometric noise calculations.

the performance testing should preferably differ from that par

used to check or correct the instrument. For example, polysty- 7.2.2 For double beam spectrophotometers, a 100 % line
' pi€, poly sdpectrum is measured when the two beams are both empty,

rene filters are used to standardize (cc_)ntmuqusly check aoth contain empty matched cells, or both contain reference
correct) the wavelength scale of some dispersive NIR spectrg:

: samples in matched cells.
photometers. For such systems, polystyrene filters are prefer- ] T . )
ably not to be employed for wavelength stability performance 7.2.3 Photometric noise is measur_ed by fitting a line to the

testing. If polystyrene filters are used, then the peaks used fGPectrum over a short spectral region centered on the test

wavelength stability testing should be different from those usedréguency (wavelength). The region should contain at least 11

for standardizing the wavelength scale. data points, preferably contains 101 data points, and should not
exceed 2 % of the spectral range. The line is subtracted from
7. Univariate Measures of Spectrophotometer the spectral data, and the RMS noise is calculated as the square
Performance root of the mean square residual.

7.1 Energy Level TestsEnergy level tests are intended to  7.2.3.1 IfT, is the transmittance at the frequengythen the
detect changes in the radiant power in the spectrophotometsfope,m, and interceptb, of a line through then data points
beam. Decreases in energy levels may be associated witfentered at test frequenay are given by the following:
deterioration of the spectrophotometer source, with contami-

nation or misalignment of optical surfaces in the light path, or = % (1)
with malfunctions of the detector.

7.1.1 For single beam spectrophotometers where back- _ SI?ST; — SiSiT; @
ground and sample spectra are measured separately at different nsiZ — ()2

times, energy level tests are generally conducted on a back-

The photometric noise is calculated as follows:
ground spectrum. For double beam spectrophotometers where P

the ratio of background and sample beam intensities is mea- Noi 2T = (mi+ b)) 3
sured directly, energy levels can be measured if it is possible to O1S8ms = n—2 ®)
block the sample beam. The indexi in Eq 1-3 runs from —if — 1)/2 to 6 — 1)/2 (n

7.1.2 Energy levels should be measured at at least threrﬁ
fixed frequencies (wavelengths), one each in the upper, middlﬁequencyv
O.

and lower third of the spectral range. The frequencies (wave- . L
lengths) at which energy levels are measured should be chosen’-2-3-2 If photometric noise is calculated on absorbance

to avoid interferences due to atmospheric components (fofP€ctra, the absorbance valuég, are used in place of the
example, absorptions of water vapor and carbon dioxide) anfjansmittance valuesT;, in Eq 1-3. If the abscissa for the
from interferences due to optical components (for exampleSPectral data is wavelength, then wavelength valagsare

OH absorptions in SiQcells and fibers). Preferably, regions US€d in place of the frequency values,in Eq 1-3. Calcula-
where the background spectrum is relatively flat and sIowI;}'onS should be consistently performed on the same data types.

varying should be used for this test. 7.2.4 Increases in the photometric noise can indicate a
7.1.3 To minimize the effects of photometric noise on themisalignment of optical components, a source malfunction, or
energy level measurement, it is preferable to average th@ malfunction in the detector or electronics.
energy over a narrow frequency (wavelength) window. Typi- 7.3 Short Term Baseline Stability TesThe transmittance is
cally, the intensity at five points centered on the test frequencynonitored at each of the test frequencies (wavelengths) used in
are averaged. the energy level and photometric noise tests. The intercept
7.2 Photometric Noise TestsPhotometric noise is mea- calculated in Eq 2 represents the transmittance averaged over
sured at the same frequencies (wavelengths) used for thhe n points around test frequenay. Deviation from 100 %
energy level tests. Preferably, photometric noise tests argansmittance is an indication of short term baseline instability
conducted on a 100 % line spectrum. Alternatively, photometand may indicate a malfunction of the spectrophotometer.

ust be odd). The intercept represents the transmittance at test
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7.3.1 If the tests are conducted on absorbance spectrél)® with corrections by Steiner, Termonia, and Deltd@),
deviations from zero absorbance is used as an indication ofith application criteria discussed by Willson and P8 The
baseline instability. latter reference discusses optimum filter parameters based upon

7.3.2 If photometric noise tests are conducted on the spe¢he relationship between spectral bandwidth and digitization
trum of a check or test sample, then variations in the absornterval.- A cubic filter is recommended. The number of points
bance spectrum at the test frequencies are taken as an indi¢s€d in the filter should be the quotient of the full-width-at-
tion of short term baseline instability. half-maximum of the peak being measured divided by the
digital resolution, and rounded up to the nearest odd integer.

7.4 Optical Contamination TestsThe single beam back- 7.6.3.2 Identify the zero crossing associated with the peak

ground scan which was used for the energy tests is EXamINgf < orbance and compute its location by linear interpolation

for ?bsorptlct);ls \éVh'Ch m'?hht indicate contamination of Optlcalbetween the two adjacent points straddling the zero crossing.

surtaces |n_ € beam path. ) The zero crossing is taken as a measure of the peak position.
7.4.1 Failure to clean cell or probe windows, IRS surfaces, o ) )

etc., are the most common source of optical contamination, Note 1—Other peak finding algorithms can be used provided that they

= . | th t which tvoical | h.b@ccurately track peak position. The procedure described in Annex Al
requencies (wavelengths) at which typical samples exhi hould be used to test peak finding algorithms to determine if they are

maximum absorbance should generally be examine(_:i. FQippropriate for this application. It is the users responsibility to demon-
example, for IR systems used in hydrocarbon analysis, thetrate that the peak finding algorithm is appropriate for monitoring

regions where the C-H stretching vibrations occur should bepectrophotometer frequency (wavelength) stability.
examined. Significant increases above a nominal background 7 7 Resolution Stability TestsThe resolution stability of
level may indicate contamination of windows and surfaces. {he spectrophotometer is monitored by measuring the band-
7.4.2 Spectrophotometer optical surfaces can be contamividths of several absorption peaks in the absorption spectrum
nated by impurities in purge gases. For systems equipped withf the check/test sample or optical filter. At least three peaks
flow cells or circulating liquid temperature control, leaks in are used for the test. If possible, the peaks should be in the
connecting lines can expose an optical surface to contaminawpper, middle and lower third of the spectral range. Variations
tion. Users should consider possible sources of contamination the measured bandwidths are taken as an indication that the
and determine appropriate frequencies at which absorptiorgptical resolution of the spectrophotometer is varying, suggest-
would result. ing a malfunction.

7.5 Purge Contamination TestsFor spectrophotometers  7.7.1 The absorption for peaks used in this test are prefer-
which are purged to minimize absorptions due to atmospherigbly in the range from 0.37 to 0.75. For peak absorptions
components, the single beam spectrum used for energy tesgtside this range, the resolution stability measurement may
should be checked for variations in purge quality. Frequencie§hOW increased sensitivity to photometric noise.
(wavelengths) at which potential contaminants absorb should 7-7-2 Peaks used for the resolution stability test are prefer-
be identified, as should baseline points where contaminar@Ply symmetric in shape and well resolved from neighboring
absorption would be minimal. The absorbance for contamiPaks. If such peaks are not available in the spectrum of the
nants is calculated as the negative,joof the ratio of the peak cheqk/test sample or opfucal filter, the results of the resolution
intensity to the baseline intensity. stability test may be variable.

7.6 Frequency (Wavelength) Stability TestBrequency miagdsbyl/t ;;er?gﬁgnWTnzngfedp;hat the peak bandwidth be deter-

(V;Z\l:elir;?[itgzlssgafbslg%/eizftse;z ;g?oiuscttﬁg ;gsgogggr;ngeég € 7731 Compute the second derivative of the spectrum by
P P P b P uc{aBpIying the appropriate digital filter to the spectrum. A

of the check or test sample or_optical filter. At least three p.eakéommonly used filter has been defined by Savitzki and Golay
are used_ for the test. If po_ssmle, the peaks should be in th&) with corrections by Steiner, Termonia, and Delt(®y; with
upper, middle and onver third of the spe.ctrallrange. application criteria discussed by Willson and P@R). The
7.6.1 The absorption for peaks used in this test are prefefatter reference discusses optimum filter parameters based upon
ably in the range from 0.37 to 0.75. For peak absorptionghe relationship between spectral bandwidth and digitization
outside this range, the wavelength stability measurement materval. A cubic filter is recommended. The number of points
show greater sensitivity to photometric noise. used in the filter should be the quotient of the full-width-at-
7.6.2 Peaks used for the frequency stability test are prefehalf-maximum of the peak being measured divided by the
ably symmetric in shape and well resolved from neighboringdigital resolution, and rounded up to the nearest odd integer.
peaks. If such peaks are not available in the spectrum of the 7.7.3.2 Identify the zero crossing on each side of the peak
check/test sample or optical filter, the user should be aware thabsorbance and compute their locations by linear interpolation
changes in spectrophotometer resolution will affect the meabetween the two adjacent points straddling the zero crossings.
sured peak position. The difference in the frequencies of the interpolated zero

7.6.3 It is recommended that the peak position be detel€rossings is taken as a measure of the peak bandwidth.
mined by the following steps:
7.6.3.1 Compute the first derivative of the spectrum by

applying the appropriate digital f_”ter to the . Sp?Ctrum' A 3The boldface numbers in parentheses refer to the list of references at the end of
commonly used filter has been defined by Savitzki and Golayhis guide.
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7.8 Photometric Linearity TestsLinearity of the spectrom- g=ah+al+al 4
eter response is important for quantitative applications. Unfor- )
tunately, the absolute photometric linearity cannot be checked” here:
in a quick performance test. To do so would generally require
the use of multiple standards of known absorbance. The test
described here is intended only to measure changes in the
photometric linearity of a spectrophotometer. sample or the optical

7.8.1 Photometric linearity is te;ted using the ratio of the filter,
absorbances of two or more peaks in the absorbance spectrury. = column vector con-
One peak should have an absorbance at or near the maximum taining the historical
absorbance that will be used for normal operations. The other spectrum of the
peaks are preferably less intense than this maximum. I_f only check sample, the test
two peal_<s are_used, the_second peak should be approximately sample or the optical
half the intensity of the first peak.

= column vector con-
taining the current
spectrum of the
check sample, the test

filter,

7.8.2 Linear baselines for each peak are calculated from\ (v for frequency based spectra) = column vector of the
points of minimal absorbance on opposite sides of the peaks. wavelength axis val-
The maximum absorbance for each peak is corrected for the ues for spectrg and
baseline, and the ratio of the absorbances for the two peaks is h,
calculated. The ratio is used to track changes in the photometrig = column vector of
linearity. ones,

ay, = coefficient for scaling
8. Multivariate Measures of Spectrophotometer the historical spec-

Performance trum to match the

8.1 Level A Tests-A Level A performance test is a pass/fail current spectrum,
test that is sensitive to many of the univariate performance® = coefficient V\.’h'Ch
parameters discussed in Section 7. Level A tests do not identify scalesh to provide a

baseline correction

specific failure modes, but merely indicate if the instrument ; o :
which is linear in

performance is within historical bounds. In this test, the

spectrum of a check sample, a test sample or an optical filter is wavelength (or fre-

compared to a historical spectra of the check sample, the test quency), and

sample or the optical filter by multivariate methods (least & = goefﬁuent for a base-

squares fitting or a PCR/PLS model; see Practice E 1655 for I|ne. offsgt. )

descriptions of PCR and PLS). This procedure can provide 1he column vectorg, A and 1 are combined into a mattk

some information about specific instrument parameters, but

essentially looks for deviations in the residual spectrum as a,

compared to the historical residual spectra. g=thri] |: ] =Ha ®)
8.1.1 Level Atests are generally applied on spectrophotom-

eters which are in use for multivariate, quantitative analysis.

The spectral range used in Level A tests should be comparable8.1.2.3 The estimated coefficierdisare first determined by

to that used in the calibration model for the analysis beindinear least squares.

performed. If the spectrum of the check sample, the test sample A=—H' g= (HH) TH ®)

or the optical filter used in the Level A test contains absorptions g g

that are significantly higher than those of the typical samples 8.1.2.4 The coefficients are then used to estimate the spec-

being analyzed, then these peaks can be excluded from thgim of the current samplg.

Level A fit. §=Ha (7

8.1.2 Level A Tests Using a Least Squares Method 8.1.2.5 The residuals from the fit are the difference between

8.1.2.1 In this Level A test, a least squares fit of Fhe currenthe measured and estimated values for the data paints.
spectrum of the check sample, test sample or optical filter ihe residuals from the fit are squared, and summed. The
conducted against a historical spectrum of the same materiglsiting measure, herein referred to as the spectral residual, is
Baseline terms may be included in the fit to compensate fofseq as a measure of changes in the instrument performance.

variations in baseline, and scaling may be applied to compenrpis spectral residual should be plotted on control charts.
sate for pathlength variations. The types of compensations

(baseline or pathlength) used in the fit should be similar to Note 2—Any function of the sum of the squares of the residuals can be

those employed in the multivariate model used for the actuaysed, for example, the square root, or the square root of the sum divided

analyzer measurement. Methodology for calculating the leadty e number of points.

square fit is discussed by Blackbufd) and by Antoon, 8.1.2.6 Additionally, the scaling and baseline coefficients

Koenig, and Koenig5). can be monitored as an additional measure of instrument
8.1.2.2 A typical least squares model could be as follows: performance.
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8.1.3 Level A Tests Using a PCR or PLS Methedlo the analyzer is serviced. For example, the energy output of an
perform a Level A test using PCR or PLS, one must firstinfrared source is expected to decrease continuously as the
develop an appropriate model. A series of historical spectra fosource ages, until such time as the source is cleaned or
the check/test sample, or the optical filter are analyzed by eeplaced. The decreased energy may be observed as an increase
PCR or PLS regression algorithm using 100 % for the compoin the Level O photometric noise, or as an increase in the Level
sitional value to generate the Level A model. Generally, onlyA spectral residual. The daily change in energy, noise or
one variable should be retained in the model since all theesidual may be large relative to the precision with which these
spectra are of the same material. The type of pre- or postprosalues can be measured, but have tolerable effect on the
cessing done in the Level A test model should be comparablspectrophotometer results for the intended application. For
to that done in the multivariate calibration models being useduch tests, control charts and statistically derived limits may be
on the spectrophotometer. inappropriate. An action limit for such tests needs to be

Nore 3—Chemometricians might refer to the analysis described indetermined from historical data or simulations as discussed in

8.1.4 as principal component analysis rather than principal componenéecuon 10.
regression. However, the object here is to allow the Level A test to be 9.2.2 For some performance tests, the test results are ex-

developed and applied using the same chemometric software employed pected to vary randomly about a fixed point. For example, for
the development and application of the multivariate calibration model. a properly operating instrument, the Level 0 wavelength value
8.1.3.1 The PCR or PLS model is used to analyze thénight be expected to vary randomly about some average value.
current spectrum of the check/test sample or optical filter. Théor such tests, the statistical control charts and control limits
estimate for the current spectrum is generated. The spectradn be usefully employed to set initial action limits in the
residuals are calculated as the difference between the curredpsence of historical data. Such initial action limits may be
spectrum and its estimate. The spectral residual can be chartlsened if statistically significant performance changes de-
to determine if the instrument is operating within historical tected by the control charts are not found to have significant
specifications. effect on the spectrophotometer results for the intended appli-
8.1.3.2 PCR and PLS models can also provide informatiorgation.
on the scaling of the current spectrum. For simple models, 9.2.3 Since, for spectrophotometers used in multivariate
variation in the estimated composition from 100 % is ananalyses, Level B composition or property results for check or
indication of scaling variation. test samples are most directly comparable to actual analyzer
8.2 Level B Tests-Level B performance tests analyze the results, the Level B composition or property estimates are most
spectrum of a check sample, a test sample or an optical filtesmenable to statistical control charting. Action limits for Level
against multivariate models that are employed during thd® composition or property estimates can be set to statistically
normal use of the spectrophotometer system. As such, Level 8etermined control limits.
tests can not be performed during the mult!varlate _cahbratlo 0. Performance Test Action Limits
of a spectrophotometer. Level B tests monitor the instrumen ) ) ] ) o
performance for deviations to which a calibration model is 10.1 Spectroscopic analyses differ greatly in their sensitivity
sensitive. Tests on a limited number of samples are noiC various aspects of spectrophotometer performance, and each
rigorous, but failures in these tests are indicative that thé@pplication differs in what constitutes an acceptable tolerance
spectrophotometer operation has changed. to changes in the results caused by variations in spectropho-
8.2.1 The spectrum of the check sample, the test sample §pmeter performance. Although spectrophotometer perfor-
the optical filter is analyzed using the multivariate model usednance tests are useful in their own right, the user must be
during normal spectrometer operation. The predicted valugoncerned with how changes in the spectrophotometer perfor-
(property or component concentration), the Mahalanobis dishance aff(_act res_ults during normal operation. Historical data-
tance, and the spectral residuals are again compared to histopi@ases or simulations that define acceptable performance for one

cal values to detect any change in the analyzer performance2Pplication may not be appropriate for another application. In
addition, the level of performance required by quantitative

9. Performance Test Charts applications may be changed by the updating of the calibration.
9.1 Performance test results should be plotted on charts and10.2 Setting Action Limits Based on Historical Data for
examined for trends. Such trend analysis may provide earlfPerformance Tests
warnings of possible analyzer problems. 10.2.1 Performance tests provide quantitative measures of
9.2 Statistical quality control charting methods (for ex- spectrophotometer performance. These measures can be com-
ample, individual value control charts, exponentially weightedpared to historical data for the same tests in order to recognize
moving average control charts, and moving range of twachanges of spectrophotometer performance. If historical data
control charts) can be used to detect statistically significanéxist, limits for each test can be set and the performance can be
changes in instrument performance. However, the statisticglildged against these limits. If historical data does not exist, it
control limits associated with these charts will not necessarilyill be necessary to collect them as a standard part of the
be useful in judging the performance test results. Instead, songpectrophotometer operation, and such collection will eventu-
performance test results are typically compared to action limitglly allow performance limits to be established. The collection
as described in Section 10. of the historical database for performance tests should be an
9.2.1 For some performance tests, the test results are eitegral part of the spectrophotometer operation and be con-
pected to trend continuously in one direction until such time asinued for the life of the spectrophotometer.
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10.2.2 For spectrophotometers used in qualitative analysisnethod on control charts, conditions that lead to invalid
what constitutes acceptable spectrophotometer performancgiantitative results can be identified, and action limits for each
may be difficult to quantify. The expert analyst may only know Level 0 test can eventually be established.
that the spectra “look wrong”. If a change in instrument 10.2.4.7 For spectrophotometers where normal operation
performance is detected, spectra of known (check or teshyolves use of a multivariate calibration model, increases in
sample) materials can be collected, and the analyst cae spectral residuals that are detected by Level A tests will
examine the spectra to determine if the observed change enerally reflect some change in the quantitative results pro-
performance would distort the spectra sufficiently to causejuced by the spectrophotometer. Even if the analysis result
misidentifications to occur. does not change, the spectral residuals measured as part of the

10.2.3 If the normal operation of the spectrophotometeputlier testing will generally be expected to increase. The level
involves the use of spectral library searching or discriminativesf increase that can be tolerated can be determined by plotting
analysis for materials identification or classification, thenthe Level A test spectral residuals against analyzer results and
known (check or test sample) materials should be reanalyzegetermining the maximum level at which valid analysis results
whenever a change in performance is detected to determinedke produced.
the change reduces the discrimination power of the analysis. 10.2.4.8 For spectrophotometers where normal operation

10.2.4 If the normal operation of the spectrophotometers,yolves use of a multivariate calibration model, changes in the
involves quantitative analysis, then quality assurance for thggj,es produced by a Level B test are the most straightforward
quantitative analysis should be part of the normal operationy, interpret since the values are directly comparable to the
The significance of changes in spectrophotometer performancg,aiysis results. If the analysis of the spectrum of the check
are judged by their effects on the quality control results for thesampe, the test sample, or the optical filter is an interpolation
normal analysis. of the model, then limits can be set directly based on the

10.2.4.1 If the quantitative method used during normaldesired performance of the analyzer. If the analysis of the
operation is a primary method (for example, univariate cali-spectrum of the check sample, the test sample or the optical
bration against quantitatively prepared or certified standardsjjiter is an extrapolation of the model, then some care must be
then the quality control for the quantitative method will exercised in setting limits since the extrapolated result may be
generally involve measurement of a standard and comparisqiore sensitive to small changes in instrument performance
of the results against the known value. than analyses that are interpolations of the model. This is

10.2.4.2 If the quantitative method used during normalknown as leverage. In this case, initial limits should be
operation is a secondary method (for example, univariate ogonfirmed by plotting the Level B results against analysis
multivariate calibration against results obtained by anOtheFesuns and determining the levels at which valid ana|ysis
primary analytical method), then the quality control for the results are produced.
quantitative method will generally involve periodic analyses of
an unknown by both methods and statistical comparison of the Note 4—Any one test sample, check sample, or optical filter only tests
results. a small portion of the multivariate model space, and may not be sensitive

10.2.4.3 If the quantitative method used during normal:o all aspe_cts of spectrophotomete_r performance. The Level 0 A, and B

verh = e - ests are intended to detect possible spectrophotometer failure modes.

operation is within statistical quality control, then the resultSacceptable performance as measured by Level 0, A and B tests is
for the performance tests conducted during the same timgecessary but not sufficient by themselves for demonstrating valid
period should be considered an example of acceptable instrapectrophotometer performance. Comparison of analysis results to in
ment performance and added to the historical database. control, primary method laboratory values is also necessary to demon-

10.2.4.4 If the quantitative method used during normafStae the validity of analysis results.
operation is not within statistical quality control, the results 10.3 Determining Performance Action Limits by Simulating
from the performance tests may be examples of unacceptablastrument Response Changes
instrument performance, particularly if the results from the 10.3.1 For Spectrophotometers where normal Operation in-
performance tests are inconsistent with the historical databasgelves use of a multivariate calibration model, an alternative
Examples of unacceptable instrument performance can be usggocedure for determining action limits for spectrophotometer
to set action limits for future performance tests. performance tests is to take actual, diverse, but representative

10.2.4.5 It is strongly recommended that, at the time thespectra that are predicted well by the model, and to mathemati-
quantitative method is developed, spectra of the check sampleally modify these spectra to simulate the expected variations
the test sample or the optical filter be collected along within the spectrophotometer performance. The model sensitivity,
spectra used for calibration. Performance tests can be applig¢dr example, the change in the results per unit change in a
to this data to determine the level of performance at the time operformance parameter, can be estimated, and used to establish
calibration. action limits for each performance parameter based on the error

10.2.4.6 Changes in analyzer performance that are detectéolerance for the application. Spectrophotometer performance
by Level 0 tests may or may not produce a significant changparameters which can be modeled include wavelength (fre-
in the results during normal operation. Different types ofquency) shifts, baseline shifts, changes in photometric noise,
guantitative analyses differ significantly in their sensitivity to resolution changes, and detector linearity changes. The impor-
various aspects of analyzer performance. By plotting the Leveiance of different performance parameters is both application
0 test results with the quality control results for the quantitativeand instrument type dependent. Historical data for Level O
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performance tests are the best guide to the type responseectra, care must be exercised that the interpolation function
changes that should be modeled for a given instrument typedoes not smooth or deresolve the spectra.

10.3.1.1 For example, the sensitivity of an analyzer to 10.3.2 Changes in spectrophotometer performance seldom
baseline drift can be simulated by adding various baselines tgffect only one aspect of that performance. If simulations are
a set of representative spectra, analyzing these spectra with figeq 1o set action limits for performance tests, it is essential

calibration model, and determining the change in the results g4 multiple performance parameters by varied simulta-

a function of the added baseline. The added baseline can, f leously. The magnitude of the changes to the performance
example, be parameterized in terms of offset, slope an%

: arameters that should be simulated are best obtained from
Cui\(/)a;uiezslo:c:?aé;g?ngr;e(:ttigfses:shiti(\:/ziit; boef d:r:e;n;:l;e/(zjér toexamination of historical data on Level 0 performance tests
wavelength (frequency) shift can be simulated by shifting theconducted on the type of spectrophotometer being tested.
wavelength (frequency) of a set of representative spectra (seﬁ
Annex Al), analyzing these spectra with the calibration model;
and determining the change in the results as a function of the 11.1 instrument performance; level 0; molecular spectro-

shift. If the shift is accomplished via interpolation of the photometer; spectrophotometer tests

. Keywords

ANNEX
(Mandatory Information)

Al. PROCEDURE FOR TESTING PEAK FINDING ALGORITHMS

Al.1 Interpolation of Test Spectrum points at each end) is treated as point 0 once. The vali{es

Al1.1.1 To test a peak finding algorithm, it is necessary to= 0.2, 0.4, 0.6 and 0.8) calculated for the repetitive application
interpolate and shift a test spectrum by amounts equivalent tef the filter are collected into 4 spectral vectors. These vectors
a fraction of the digital resolution of the spectrum. Theare assigned the same frequency scales as the original spec-
following procedure can be used to interpolate and shift thérum. If A is the digital resolution (data point spacing), then the
spectrum. vectors Ags Age Aos and Ay, generated by repetitive

A1.1.1.1 Four adjacent points in the spectrum are selectedpplication of the above procedure represent spectra which are
The points are numbered -1, 0, 1, and 2. The absorbance at thhifted by — 0.2, - 0.4A, - 0.6\, and - 0.8\, respectively.

four points is fit to a cubic equation.
Note Al.1—If the data points are numbered -1, 0, 1, and 2 from left to

— right, the interpolation estimates a value for the spectrum between point 0
Az 1248 Co B and point 1. The original point at 0 is replaced with this estimate. The
A 111 1 a - A= XC ; . o o
A, = 1000 c (AL1) effect is to shift the spectrum toward the left (negative index) direction.
A, 1-1 1-1 o
- Al1.2 The peak finding algorithm is applied to the original
and shifted spectra. The peak positions for suitable peaks are
G 0060 [ 4, calculated.
C=XTA . & » B Qg (2)  AL2.1 If the peak positions calculated by the peak finding
cs P 1334 | A algorithm for the shifted spectra are shifted

by —0.2A, —0.47, -0.6A, and -0.8, respectively, relative to
A1.1.2 The cubic equation is evaluated at four intermedithe peaks for the original spectrum, then the peak finding

ate points algo.ri'thm can be used for tracking frequency (wavelength)
stability.
Ao 1 08 064 0512 c A1.2.2 If the peak positions calculated by the peak finding
Aos _ | 106 036 0216 2 (AL3) algorithm for the shifted spectra are not shifted
22‘2' o oae Do 5 by —0.2A, —0.4A, -0.6A, and 0.8\, respectively, relative to

the peaks for the original spectrum, then the peak finding

i . . . algorithm cannot be used for tracking frequency (wavelength)
Al1.1.3 The procedure is repeated, moving the filter S'de'stability.

ways so that each point in the spectrum (other than the two
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