Appendix E: Laboratory Quality Assurance

For over acentury, AOCAC INTERNATIONAL has provided the
methods of analysisrequired for the measurement of analytes of in-
terest to those government agencies that regulate products associ-
ated with agriculture, public health, and theenvironment. But during
the past several decades, analysts realized that providing measure-
ments based on methods validated and approved through collabora-
tive study was not enough. Analytical results had to be accompanied
by concurrent proof that the measurements were correct. That proof
could be obtained by the application of the concepts of quality assur-
ance, long usedintheindustrial world, to analytical measurements.

Scope of Laboratory Quality Assurance

A good analytical method is necessary to obtain valid concentra-
tion estimates, but itisnot sufficient. Thelaboratory equi pment must
be running in accord with specifications. Analysts must be perform-
ing their work in aprofessional manner, and asuitable checking pro-
cessmust bein operationto ensurethequality of analytical results.

The primary reason for performing laboratory analysesis to ob-
tain information that can be used to make informed decisions. Ana-
lytical data reported by a laboratory must be fit for its intended
purpose and of a sufficient degree of quality, whether the purposeis
to enforce standards, determine economic value, or protect the pub-
lichealth. Datamust be comparableto those generated in other |abo-
ratories. Itisnolonger sufficient for alaboratory simply tobelieveor
maintain that it isgenerating quality data. L aboratories must be able
to demonstrate that their analyses are correct and in statistical con-
trol. Proof of technical competency and comparability is now are-
quirement in the global marketplace.

AOAC Official Methods are designed for the measurement of spe-
cific anaytes in defined matrixes. An approved AOAC method has
been demonstrated to produce reliable results when applied by a
representative sample of laboratories expected to use it in practice.
Nevertheless, whenever the method is applied subsequently, each
user |aboratory must demonstratethat it can produce results compara-
bletothoseattainedin theoriginal interlaboratory study. Thisdemon-
stration is necessary when alaboratory analyzes for the same anayte
inthe same materia for which the method was designed, or whenitis
necessary to extend the method to additional analytesinthe same ma-
trix, or to additional matrixes with the same analyte. For some exten-
sions, it may benecessary to conduct further interlaboratory studies.

All analytical results must be traceable to some reference
point—either fundamental units or reference materials certified by,
or traceable to, a metrological ingtitution. Only some classical
gravimetric, titrimetric, and electrometric methods can be traced by
any laboratory to fundamental metrological units. AlImost all mod-
ern methods are based on an instrumental comparison of the re-
sponse of an analyte with the response of areference standard when
both are stimulated by the same source of energy. Thisplacesagreat
burden on the authenticity of the standard. But even possession of a
suitable standard is still not sufficient to produce adegquate measure-
ments. All measurementsare accompanied by some degree of uncer-
tainty. Thisuncertainty isof 2 types: asystematic displacement from
the true or assumed value and a random scatter of values about a
mean or average value. The systematic type affects all measure-
ments in a system equally and is called “bias.” If known, it can be

corrected for. The random type of uncertainty affects each measure-
ment in an unpredictable manner, but oddly enough, takenasagroup
their behavior is predictable and is called “random error.” The abil-
ity to correct for biasand usethe predictability of random error of the
groupisthebasisfor demonstrating the production of measurements
of suitable quality.

The control of biasand random error of analytical measurementsis
theformal procedure of laboratory quality control. But qudity control
isonly thefina stage of amanagement system of quality assurance,
which encompasses al aspects of laboratory operations including
housekeeping, supplies, maintenance of records, training personnel,
supervision, physica handling of laboratory samples, documentation,
and reporting. Thischapter reviewsonly the aspectsof quality control
asit pertainsto the direct production and documentation of analytical
measurements. Without the essential organizational infrastructure,
however, it isimpossible to produce quality measurements. Thevol-
umes by Taylor and by Garfield listed in the bibliography are indis-
pensable for supplying this kind of information.

Validation of Methods

The proper use of analytical methods leads to the reliable
quantitation of target analytes within the limits of measurement un-
certainty. Validation of a method is the planned and documented
procedure to establish its performance characteristics. The perfor-
mance characteristicsor the validation parameters of the method de-
termine the suitability for its intended use. They define what the
method can do under optimized conditions of matrix solution,
analyteisolation, instrumental settings, and other experimental fea-
tures. Theinclusion of particular validation parametersin avalida-
tion protocol dependson theapplication, thetest samples, thegoal of
the method, and domestic or international guidelines or regulations,
as applicable. These characteristics are explored and optimized in
the laboratory that initially proposes, develops, and refines the ana-
lytical procedure. The method is then tested in the interlaboratory
study by agroup of collaborators. If thetest issuccessful, themethod
isadopted asan official method. But when used again, at alater time
and perhapsin another [aboratory, themethod must beverified to en-
surethat thelaboratory or analyst can conduct themethod of analysis
within the specifications developed in method validation.

Analytical measurements are produced by the application of a
method of analysisto atest portion taken from alaboratory sample.
The method of analysis contains the instructions that must be fol-
lowed. One of the first principles of analytical work is that the in-
structions should be followed in exact detail. This point is
specifically emphasized in the instructions for the performance of
theinitial interlaboratory validation of the method, because the per-
formance parameters generated are based on those instructions. If
the performance parameters are then later used as the basis of a
choicefor the use of the method, thereisan implied assumption that
the same detailswill beused. Towhat extent those detailsmay bere-
laxed is also the subject of testing in theinitial validation and is ex-
pressed as the ruggedness parameter. Some typical validation
parameters to be investigated are listed and explained below.

Calibration.—Calibration rel atestheresponse of aninstrument to
the quantity or concentration of an analyte. In many cases, the re-
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sponse bears a linear relationship to the concentration of the
analytes. When this response is linear, regression analysis is often
used to calculate the relationship. A linear relationship is advanta-
geous becauseit may permit the use of asingle- or double-point cali-
bration, particularly with products of fairly uniform concentration
levels such as pesticide formulations or drug dosage forms.

Many analytical methods using modern instrumentation, how-
ever, produce curved calibration plots over the range of interest.
These instruments often use proprietary, nonlinear algorithms for
calculating target analytes. Linear regression analysisis of no value
for methods producing curvilinear responses, but modern statistics
or graphing packages can be used to generate dose-response curves
from nonlinear relationships. Immunoassays produce inverted ex-
ponential curves; theblank producesthe maximumsignal, which de-
creases with increasing analyte concentration.

Thecritical aspect of calibrationisthe standard used for the prepa-
ration of the calibration curve. A certified reference material isthe
best starting point, but these are usualy not available for most
analytes. Material accompanied by acertificate of analysisfrom the
supplier may be suitable, and often its purity can be checked by dis-
solving the standard in asuitabl e solvent and processing adil uted so-
lution by chromatography. The presence of a single peak in the
chromatogram isindicative but not conclusive proof of purity.

Many modern analytical methods use instruments that are cali-
brated at extremely low concentrations. Great care must be exer-
cised in calculating the required dilutions and processing the initial
standard solution through multipledilutionsto obtain thefinal work-
ing standard solution. When small volumetric flasks and
micropipets are used, their capacities must be checked periodically,
particularly those of mechanical pipets.

Accuracy.—Accuracy is defined as the closeness of agreement
between the measured value and the accepted, “true,” or reference
value. Accuracy isindicativeof thebiasof themeasurement process.
Accuracy isoften evaluated by repetitively spiking thematrix or pla-
cebo with known levels of analyte standards at or near target values.
The fraction or percentage of added analyte recovered from a blank
matrix is often used as the index of accuracy. Added analyte, how-
ever, may not always reflect the condition of the natural analytein
the materials submitted for analysis.

When available, a certified reference material, certified by a
metrological institution, isanalyzed to establish bias. Two classes of
material s are recognized by the I nternational Organization for Stan-
dardization/Committee for Reference Materias (ISO/REMCO):
“certified reference materials’ (CRMs) and “reference materials’
(RMs). RMsareof alesser quality than CRMs, which must have* es-
tablished traceability.” The U.S. National Institute of Standards and
Technology (NIST) also produces “standard reference materials’
(SRMs) that are equivalent to the ISO/REMCO CRMs. “Reference
materials’ are also available commercially and are usually accom-
panied by a certificate indicating traceability to standards of a na-
tional metrological institution. Microbiological cultures are
available from the American Type Culture Collection (ATCC) and
others.

Precision.—Precision isageneral term for the variability among
repeated testsunder specified conditions. Twotypesof precision, re-
peatability and reproducibility, have been found necessary and, for
many practical cases, sufficient for describing thevariability of atest
method (1). Precision expresses the closeness of agreement (degree
of scatter) among a series of measurements obtained from multiple
testing of a homogeneous test sample under the method's estab-
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lished conditions. It should be investigated with homogeneous test
sampl es, representative of the matrixes to which the method will be
applied and containing the expected range of analyte concentrations
withinthesematrixes. If itisnot possibleto obtain homogeneoustest
samples, however, precision may beinvestigated using test samples
artificially prepared in the laboratory to simulate the original test
samples.

In practice, precision may bedetermined at 3levels: repeatability, in-
termediate precision, and reproducibility. Repeatability refers to
within-laboratory s multaneousreplicability; intermediate precisonre-
ferstowithin-laboratory variationsthat arisein different runs, on differ-
ent days, with different analysts, and different equipment, etc.; and
reproducibility expressesvariability among laboratories. System preci-
sion may aso be established by replicating additions of the analyte so-
lution at various points in the method, and instrument precision is
determined by consecutive signal measurement of the samematerial by
theinstrument. Theinstrument precision and the method precision may
differ by an order of magnitude. When aprecisionisgiven, itisimpor-
tant to understand which precision is being referred to.

Precisionisafunction of concentration, andit iseasier to compare
precisions when they are placed on arelative basis by dividing the
standard deviation by the concentration to obtain the coefficient of
variation (CV), which when expressed on a percentage basis (%) is
the relative standard deviation (RSD). Over arelatively small con-
centration range, 1 or 2 decades, RSD is often aconstant. Examina-
tion of the precisions of thousands of interlaboratory studies
conducted by AOAC INTERNATIONAL over the past century has
shown that in general the reproducibility relative standard deviation
(RSDg) in% can be summarized by asimpleequation, easily entered
into a programmable cal culator or computer as:

(Predicted) RSDg, = 2C7%15

where C is the concentration expressed as a mass fraction; e.g., for
100%, C = 1; for 1%, C = 0.01; for ppm (mg/kg), C = 10°. RSDy is
more or less independent of analyte, matrix, method, and time. (The
precision of instrumental methods is no better than the precision of
classical methods at the same concentration.) A preliminary assess-
ment of the acceptability of the precision found in the interlaboratory
study can be made by calculating the ratio, designated as HORRAT,
of the precisionfound tothat cal culated fromthe equation, asfollows:

HORRAT = (fognd) RSD,
(predicted) RSD,

Values falling within the range 0.5-2.0 are generally considered
acceptable. Within-laboratory precision (RSD,) is generally about
one-half to two-thirdsthe among-laboratories precision. Some com-
mon values are shown in the following table:

Concentration
Mass fraction Common units RSDg, %  RSD,, %
1 100% 2 1
0.01 1% 4 2
0.0001 0.01% 8 5
0.000001 1 ppm 16 10
0.00000001 10 ppb 32 20




These generalizations do not apply to quantitative microbiology,
inwhich colony formation and growth are extremely sensitivetoin-
oculation and incubation conditions, or to enzyme reactions, which
utilize a catalyti c-type mechanism. They also do not apply to physi-
cal properties or to indefinite or mixtures of analytes.

Theterm “accuracy” is often confused with precision, and it is used
by some authors and organi zationsin the sense of acombination of bias
and precision. Methods may be precisewithout being accurate, or accu-
rate without being precise. Theterm “accuracy” isused in the sense of
“bias.” Itisasoimportant, when using thetermto indicate adifference,
to be surethat the subject of the biasisindicated—whether it beasingle
value, amean, or along-term average (accepted truevaue). Singleval-
ues and means are properties of the measurement; the long-term aver-
ageisusualy aproperty of the method of measurement.

Specificity.—Specificity isthe ability of amethod to respond ex-
clusively to thetarget analyte and not to any degradant, impurity, or
other component of the matrix. Very few methods are absolutely
specific, sotheterm“ selectivity” isoften used for thisproperty. This
parameter shows that the method can be used to quantitate the
analyte without interference.

Limit of detection (LOD).—The LOD is the smallest quantity of
analyte that can be shown to be significantly greater than the mea-
surement (random) error of the blank at a prescribed level of confi-
dence (usually 95%). It is often taken as 3 times the standard
deviation of the background noise. When the LOD is calculated, it
should be stated what definition and method are used. Morerigorous
definitions require consideration of false positives as well as false
negatives.

Limit of quantitation (or quantification) (LOQ).—TheLOQisthe
smallest amount of analytein atest samplethat can be quantitatively
determined with suitable precision and accuracy under previously
established method conditions. The LOQ is a crucial parameter in
assaysof low levelsof compoundsand in the determination of impu-
rities, contaminants, or degradation products. It is often taken as
10 times the standard deviation of the background noise. When the
LOQ is calculated, it should be stated what definition and method
areused. A multiple, e.g., 2, 3, or 5, of LOQ isoften used to establish
alevel of fortification in residue recovery studies.

Thevalidation of LOD and LOQ isnot required when the analyte
iswithin the useful range of the assay. They areimportant in the de-
termination of low levels of residues and contaminantsfor exposure
estimatesrequired in risk assessments and for surveys of low levels
of analytes. Because LOD and LOQ are determined at the lowest
useful ranges of the methods, which tend to be regions of poor accu-
racy and precision, they can be expected to vary considerably.

Ruggedness—The ruggedness of an analytical procedure is its
ability to tolerate small variations in procedural conditions, which
may include variation in volumes, temperatures, concentrations, pH,
and instrument settings, without affecting the analytical result. It pro-
vides an indication of the applicability of the method in a variety of
laboratory conditions. Ruggednessis not a quantitative parameter.

Performance Criteria

The advantage of using astandard method of analysis established
through the interlaboratory study procedureisthat arecord existsas
to the performance of the method by agroup of representative labo-
ratories. Thisfact does not necessarily imply that any specific labo-
ratory will achieve these characteristics. Every laboratory must
determinefor itself the performance that it can attain. In comparing
performance, a laboratory must be sure that within-laboratory pa-

rameters are being compared with within-laboratory parametersand
not with among-laboratories parameters. Before using a method
with test samples, the laboratory should establish that it can obtain
the expected values with formul ated materials, previously analyzed
products, labeled commercia products, or reference materias. All
actual analytical runsshould be accompanied by standards, controls,
and blanks as appropriate.

In-house method verification does not need to be performed each
timeamethod isused. Rather, it must be completed before amethod
isput into use. Performance criteria, on the other hand, are parame-
ters that may need to be satisfied for each routine use of a method.
They are accomplished through the application of quality control
procedures.

Methods should ideally have performance criteriaincluded in the
method documentation. These criteria define whether a method, at
any given time, in the hands of any given analyst, is performing asit
should. Performance criteriaare not necessarily the same asthose pa-
rameters reported in the interlaboratory study. Performance criteria
may take the form of such measures as degree of linearity for aseries
of standards, amaximum level for ablank value, or arelative standard
deviation for successive peak heightsor areas. Thesecriteriamay also
specify minimum recovery levelsfor control materials or acceptable
levelsof precision for duplicates. Inthe case of microbiological meth-
ods, these criteria may include positive and negative controls. Other
applicablecriteriamay concernthe acceptability of the batch of media
used or the precision onasingleday for aquantitative microbiol ogica
method. A means of verifying the adequacy of the entire analytical
system at thetimethe anaysisisperformed isnecessary to ensure that
the results meet the requirements of the client.

Performance criteriashould be specified in quality assurance doc-
umentsand should al so beapart of the standard operating procedure
for the method. These performance criteria act as an ongoing check
on quality. If the method failsto perform at the required level, it is
necessary to take corrective action to resol ve the problem and docu-
ment this action.

One of the simplest procedures, but of value only when thereisa
sufficient volumeof similar analytical work availabletosustainit, is
thecontrol chart. Itisbased onthestatistical principlethat analytical
values distribute themsel ves according to the normal distribution. A
control chartisprepared by plotting theanal ytical result onthe verti-
cal (y) axis against time or the consecutive analysis number on the
horizontal (x) axis. The analytical result may be the absolute quan-
tity or concentration of an analyte or thefraction or percent recovery
as obtained from aconstant control material or from aconstant addi-
tion. After about 30 values are obtained, the mean (x) and the stan-
dard deviation(s) are calculated. Then horizontal lines are plotted at
(x % 2s) and (x = 3s), called warning limitsand action limits, respec-
tively. If asubsequent analysisfallsabove or below theaction limits,
thecausefor thedeviationisinvestigatedimmediately. If ananalysis
fallsbetweenthe2limits, no actionistaken unlessseveral valuesfall
inthisregion or if aconstant trend up or down isexhibited anywhere
on the graph. The action and warning limits can be adjusted as more
values are accumul ated.

In some analytical procedures, the use of an internal standard is
hel pful when blanks or standards are not available or when multiple
matrixes are analyzed for the same analyte. A known quantity of a
noninterfering substanceisaddedto all standardsandtests. Thispro-
cedure, of course, can only give the relative relationships of the
analyte in the various test materials. Use of an internal standard or
method of addition does not eliminate the necessity for areference
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point. Thisis the concept of traceability (2). The only time arefer-
ence material or acontrol material isnot necessary iswith empirical
methods, where the method defines the analyte, such as* solublefi-
ber.” For other assays, standard additionisused to prepareacalibra-
tion curve for a particular matrix.

Many AOA C methods use blanks as another internal quality con-
trol feature to demonstrate absence of contamination. Several types
of blanks can be used, depending on their starting point. The reagent
blank includes all reagents used in the analysis, including a sample
portion knownto befree of theanalyte. Thereagent blank servesasa
check on the use of suitable reagents aswell as background interfer-
ence. An instrument blank confirms that no contamination is intro-
duced by the instrument. Other types of blanks include a matrix
blank asacheck for inherent interference and afield sampling blank
as a check for environmental contamination during sampling.

When available, reference materials are useful asabasis for per-
formance assessment. They are usually too expensiveto usefor rou-
tine calibration and control purposes. The occasional use of a
reference material certified by ametrological institution assuresthe
laboratory of continued traceability to theinternationally recognized
measurement system. For local use, however, a homogeneous, sta-
ble material monitored by acontrol chart can be used to demonstrate
stability of within-laboratory performance. But local measurements
must be aligned with the external components of the measurement
system.

Proficiency Testing

Validated methods, statements of measurement uncertainty, cali-
brations, reference materials, and control charts are all necessary
componentsof aquality assurance program. Analyst proficiency can
be demonstrated with reference materials. These components of an
internal quality assurance program must be supplemented by
interlaboratory comparisons (ISO/IEC Guide 43-1, par. 3.6) to com-
pletetheassurance of laboratory quality. In someareas, such asclin-
ical chemistry, participation in periodic exercises is a regulatory
requirement.

Proficiency testing is a program external to the laboratory that
compares the analytical performance of a group of laboratories.
Such external validation gives the laboratory and client assurance
that the work performed in the laboratory is at least comparable to
the analytical results produced by other laboratories. If formulated,
homogeneous matrixes are used, and the program also providesin-
formation on the bias of individual |aboratories. In proficiency test-
ing, laboratories are not restricted as to what method will be used.
Therefore, it does not provide information on method performance
unlesssuchinformationisspecifically requested. Invery large profi-
ciency programs, sufficient information may often be provided so
that conclusions may be reached regarding method performance as
well as analyst and laboratory performance.

Proficiency programsare available only for afew analytesin spe-
cialized areas, usually those of high commercial volume or of criti-
cal importanceto public health. Proficiency intheanaysisof agiven
analyte/matrix combination does not necessarily carry over to an-
other. For example, the determination of nitrogen in agricultural
commodities is entirely different from its determination in water;
analysisof pesticideresiduesis quite different from analysis of pes-
ticide formulations. General-purpose or research laboratories that
perform individual analyses for any analyte in any matrix may not
perform a sufficient number of analyses to warrant the expense of
participationin proficiency exercises. When asked to perform analy-
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sesin anew area, such laboratories may wish to decline the work,
contract it out to amore specialized laboratory, or anticipate the ne-
cessity for conducting method validation and performance verifica-
tion as part of the work commitment.

Accreditation

Laboratory accreditation isaprocedure by which an authoritative
body gives formal recognition that a laboratory is competent to
perform specific analyses. It is achieved through external audits
against internationally recognized and available standards. 1SO
Guide 17025 has gained worldwide acceptance as a standard for ac-
crediting testing and calibration laboratories. Accreditation, how-
ever, is not a guarantee that a laboratory produces acceptable
analytical results. Accreditation ensures competency, not perfor-
mance; satisfactory participation in proficiency exercises demon-
stratesthe ability to provide acceptable analytical results. Proof that
any givenanalysisisof acceptable quality must be provided with ev-
ery anaysis through the use of accompanying controls, standards,
and reference materials.

Documentation

Documentation is the evidence, initially written or printed but
now often computer generated, that supplies the proof that state-
ments are correct or that work was performed as stated. The most
carefully performed analysis may be invalidated if the analytical
work and the associated results are not properly documented. The
degree of documentation required dependson thetype of work being
performed and the customer’ sneeds. Oncethishasbeen decided, the
documentation must be complete, contemporaneous, and accurate.
Lack of documentation may result in arefusal to accept the work or
may bethebasisfor refusal of payment, andin casesinwhichtheend
user is the “legal system,” lack of documentation may render the
datainadmissible in court.

Listed below are examples of thetypesof information that need to
beincluded in the laboratory record in order to substantiate anal yti-
cal measurements. Thislist isnot comprehensive; it isan overview
of the records to be included in a documentation trail in a specific
laboratory. The documentation should be readily availableto an au-
ditor.

® An approved master quality document detailing the
quality program for the laboratory.

® The current approved written procedure for each essential
laboratory activity from the receipt of the laboratory
sample to the reporting of analytical results. Procedures
cover a range of topics such as analytical methods,
instrumentation calibration and maintenance, quality
control, safety and health, glassware cleaning,
maintenance of microbial cultures, test sample
preparation, data reduction, control charting, and analyst
training and qualifications.

® Documentation demonstrating the ability to perform
satisfactorily each method used in the laboratory. This
includes compendial methods such as those in Official
Methods of Analysis of AOAC INTERNATIONAL, United
States Pharmacopoeia and National Formulary, and the
Food Chemicals Codex, and the corresponding national
official compendia whose use has been authorized by
laws or regulations. Noncompendial methods and those
developed in-house or acquired from other sources,
require a higher level of verification than do compendial
methods, particularly with respect to applicability to a



specific analysis. Although all of these methods may have
been validated, documentation of the ability of a specific
analyst within a specific laboratory to perform the
methods is required.

® Documentation demonstrating performance checks,
calibration, and routine maintenance of each instrument
used in the laboratory.

® Documentation of validation and approval of
computer-generated spreadsheets used in calculations of
analytical results.

® Documentation that calibration standards are traceable to
arecognized source. Traceability is the property of a
result of a measurement, or the value of a standard
whereby it can be related to stated references, usually
national or international standards, through an unbroken
chain of comparisons, all having stated uncertainties.

* Documentation of receipt, storage, and each transfer of
the laboratory sample. “Storage” includes special
conditions of temperature, humidity, and time, when these
conditions are critical to the stability of the analyte of
interest.

® Documentation of any deviation from procedures.
Justified deviations from written procedures must be
approved.

® An up-to-date signature list that includes the name of
each person who is qualified to sign official documents.

® Records of the relevant qualifications, training, skills, and
experience of the technical personnel. These records must
include internal and external education, and verification
of performance of applicable methods and techniques.

® For each analytical run, a record detailing (by unique
identification number when appropriate) the equipment,
reagents, solutions, calibration standards, critical
times/temperatures, test sample numbers, weights,
volumes, chromatographic conditions, instrument
settings, etc. used in the analysis. Entries must be legible
and corrections properly made. All analytical records
must be independently reviewed and approved. The
record should provide sufficient information to allow
satisfactory repetition of the analysis under the original
conditions.

® A record of major steps in the analysis, such as weighing,
digesting, diluting, data reduction, and data entry, as well
as the name of the person who performed them.

® Unique, traceable identification numbers for standard
materials. Prepared solutions and standards must be
traceable to the original manufacturer’s lot number. They
must be used before their assigned expiration dates.

® All sets (runs) of replicate analyses and their controls and
standards need to be identified and associated with a
unique laboratory sample number. This unique number
must appear on all documents related to that laboratory
sample, including instrument outputs and worksheet
attachments.

System Suitability

An important concept designated as “systems suitability” has
evolved in chromatographic and instrumental analysesto permit use
of columns and instruments that may differ somewhat from each
other and from the initial specifications. The desired output is de-

finedintermsof such propertiesastherelative standard deviation of
repeated injections of a standard solution, peak shape or symmetry,
resolution from an internal standard or associated analyte, ratio of
peak height to peak width at a specified fractiona peak height,
peak-to-noise ratio, sensitivity (signal intensity per unit concentra-
tion), and similar properties. Column and solvent composition or in-
strument settings may be adjusted to obtain acceptable output within
predetermined parameters. In such cases, the system suitability
specifications and the settings used to attain the desired output must
be documented.

Conclusions

A laboratory quality assurance program ensures that a complete
history iscreated of each laboratory samplefromitsreceiptintheor-
ganization to the submission of the final report. The documentation
typically contains a statement of the time, location, and processing
of the material as well as an inventory and identification of all re-
agents, supplies, equipment, and instruments used in the procedure.
Secondary support operations, such as standardizations, calibra-
tions, and computer programs, must be traceable to their primary
documentation. All results must be in statistical control as demon-
strated by appropriate charting techniques, and there must be an or-
ganizational infrastructure capable of supporting quality and
accreditable analytical work.
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