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For over a cen tury, AOAC IN TER NA TIONAL has pro vided the
meth ods of anal y sis re quired for the mea sure ment of analytes of
in ter est to those gov ern ment agen cies that reg u late prod ucts
as so ci ated with ag ri cul ture, pub lic health, and the en vi ron ment. But
dur ing the past sev eral de cades, an a lysts re al ized that pro vid ing
mea sure ments based on meth ods val i dated and ap proved through
col lab o ra tive study was not enough. An a lyt i cal re sults had to be
ac com pa nied by con cur rent proof that the mea sure ments were
cor rect. That proof could be ob tained by the ap pli ca tion of the
con cepts of qual ity as sur ance, long used in the in dus trial world, to
an a lyt i cal mea sure ments. 

Scope of Lab o ra tory Qual ity As sur ance

A good an a lyt i cal method is nec es sary to ob tain valid
con cen tra tion es ti mates, but it is not suf fi cient. The lab o ra tory
equip ment must be run ning in ac cord with spec i fi ca tions. Analysts
must be per form ing their work in a pro fes sional man ner, and a
suit able check ing pro cess must be in operation to en sure the qual ity
of an a lyt i cal re sults.

The pri mary rea son for per form ing lab o ra tory anal y ses is to
ob tain in for ma tion that can be used to make in formed de ci sions.
An a lyt i cal data re ported by a lab o ra tory must be fit for its in tended
pur pose and of a suf fi cient de gree of qual ity, whether the pur pose is
to en force stan dards, de ter mine eco nomic value, or pro tect the
pub lic health. Data must be com pa ra ble to those gen er ated in other
lab o ra to ries. It is no lon ger suf fi cient for a lab o ra tory sim ply to
be lieve or main tain that it is gen er at ing qual ity data. Lab o ra tories
must be able to dem on strate that their anal y ses are cor rect and in
sta tis ti cal con trol. Proof of tech ni cal com pe tency and com pa ra bil ity
is now a re quire ment in the global mar ket place.

AOAC Of fi cial Methods are de signed for the mea sure ment of
spe cific analytes in de fined ma trixes. An ap proved AOAC method
has been dem on strated to pro duce re li able re sults when ap plied by a
representative sam ple of lab o ra to ries ex pected to use it in prac tice.
Nev er the less, when ever the method is ap plied sub se quently, each
user lab o ra tory must dem on strate that it can pro duce re sults
com pa ra ble to those at tained in the orig i nal interlaboratory study.
This dem on stra tion is nec es sary when a lab o ra tory an a lyzes for the
same analyte in the same ma te rial for which the method was de signed, 
or when it is nec es sary to ex tend the method to ad di tional analytes in
the same ma trix, or to ad di tional ma trixes with the same analyte. For
some ex ten sions, it may be nec es sary to con duct fur ther
interlaboratory stud ies.

All an a lyt i cal re sults must be trace able to some ref er ence
point—ei ther fun da men tal units or ref er ence ma te rials cer ti fied by,
or trace able to, a metrological in sti tu tion. Only some clas si cal
gravimetric, titrimetric, and electrometric meth ods can be traced by
any lab o ra tory to fun da men tal metrological units. Al most all
mod ern meth ods are based on an in stru men tal com par i son of the
re sponse of an analyte with the re sponse of a ref er ence stan dard
when both are stim u lated by the same source of en ergy. This places a 
great bur den on the au then tic ity of the stan dard. But even pos ses sion 
of a suit able stan dard is still not suf fi cient to pro duce ad e quate

mea sure ments. All mea sure ments are ac com pa nied by some de gree
of un cer tainty. This un cer tainty is of 2 types: a sys tem atic
dis place ment from the true or as sumed value and a ran dom scat ter of 
val ues about a mean or av er age value. The sys tem atic type af fects all 
mea sure ments in a sys tem equally and is called “bias.” If known, it
can be cor rected for. The ran dom type of un cer tainty af fects each
mea sure ment in an un pre dict able man ner, but oddly enough, taken
as a group their be hav ior is pre dict able and is called “ran dom er ror.”
The abil ity to cor rect for bias and use the pre dict abil ity of ran dom
er ror of the group is the ba sis for dem on strat ing the pro duc tion of
mea sure ments of suit able qual ity. 

The con trol of bias and ran dom er ror of an a lyt i cal mea sure ments is
the for mal pro ce dure of lab o ra tory qual ity con trol. But qual ity con trol 
is only the fi nal stage of a man age ment sys tem of qual ity as sur ance,
which en com passes all as pects of lab o ra tory op er a tions in clud ing
house keep ing, sup plies, main te nance of re cords, train ing per son nel,
su per vi sion, phys i cal han dling of lab o ra tory sam ples, doc u men ta tion, 
and re port ing. This chap ter re views only the as pects of qual ity con trol 
as it per tains to the di rect pro duc tion and doc u men ta tion of an a lyt i cal
mea sure ments. With out the es sen tial or ga ni za tional in fra struc ture,
how ever, it is im pos si ble to pro duce qual ity mea sure ments. The
vol umes by Tay lor and by Gar field listed in the bib li og ra phy are
in dis pens able for sup ply ing this kind of in for ma tion.

Val i da tion of Methods

The proper use of an a lyt i cal meth ods leads to the re li able
quantitation of tar get analytes within the lim its of mea sure ment
un cer tainty. Val i da tion of a method is the planned and doc u mented
pro ce dure to es tab lish its per for mance char ac ter is tics. The
per for mance char ac ter is tics or the val i da tion pa ram e ters of the
method de ter mine the suit abil ity for its in tended use. They de fine
what the method can do un der op ti mized con di tions of ma trix
so lu tion, analyte iso la tion, in stru men tal set tings, and other
ex per i men tal fea tures. The in clu sion of par tic u lar val i da tion
pa ram e ters in a val i da tion pro to col de pends on the ap pli ca tion, the
test sam ples, the goal of the method, and do mes tic or in ter na tional
guide lines or reg u la tions, as ap pli ca ble. These char ac ter is tics are
ex plored and op ti mized in the lab o ra tory that ini tially pro poses,
de vel ops, and re fines the an a lyt i cal pro ce dure. The method is then
tested in the interlaboratory study by a group of col lab o ra tors. If the
test is suc cess ful, the method is adopted as an of fi cial method. But
when used again, at a later time and per haps in an other lab o ra tory,
the method must be ver i fied to en sure that the lab o ra tory or an a lyst
can con duct the method of anal y sis within the spec i fi ca tions
de vel oped in method val i da tion.

An a lyt i cal mea sure ments are pro duced by the ap pli ca tion of a
method of anal y sis to a test por tion taken from a lab o ra tory sam ple.
The method of anal y sis con tains the in struc tions that must be
fol lowed. One of the first prin ci ples of an a lyt i cal work is that the
in struc tions should be fol lowed in ex act de tail. This point is
spe cif i cally em pha sized in the in struc tions for the per for mance of
the ini tial interlaboratory val i da tion of the method, be cause the
per for mance pa ram e ters gen er ated are based on those in struc tions.
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If the per for mance pa ram e ters are then later used as the ba sis of a
choice for the use of the method, there is an im plied as sump tion that
the same de tails will be used. To what ex tent those de tails may be
re laxed is also the sub ject of test ing in the ini tial val i da tion and is
ex pressed as the rug ged ness pa ram e ter. Some typ i cal val i da tion
pa ram e ters to be in ves ti gated are listed and ex plained be low.

Cal i bra tion.—Cal i bra tion re lates the re sponse of an in stru ment to 
the quan tity or con cen tra tion of an analyte. In many cases, the
re sponse bears a lin ear re la tion ship to the con cen tra tion of the
analytes. When this re sponse is lin ear, re gres sion anal y sis is of ten
used to cal cu late the re la tion ship. A lin ear re la tion ship is
ad van ta geous be cause it may per mit the use of a sin gle- or
dou ble-point cal i bra tion, par tic u larly with prod ucts of fairly
uni form con cen tra tion lev els such as pes ti cide for mu la tions or drug
dos age forms.

Many an a lyt i cal meth ods us ing mod ern in stru men ta tion,
how ever, pro duce curved cal i bra tion plots over the range of in ter est.
These in stru ments of ten use pro pri etary, non lin ear al go rithms for
cal cu lat ing tar get analytes. Lin ear re gres sion anal y sis is of no value
for meth ods pro duc ing curvilinear re sponses, but mod ern sta tis tics
or graph ing pack ages can be used to gen er ate dose-response curves
from non lin ear re la tion ships. Immunoassays pro duce in verted
ex po nen tial curves; the blank pro duces the max i mum sig nal, which
de creases with in creas ing analyte con cen tra tion.

The crit i cal as pect of cal i bra tion is the stan dard used for the
prep a ra tion of the cal i bra tion curve. A cer ti fied ref er ence ma te rial is
the best start ing point, but these are usu ally not avail able for most
analytes. Ma te rial ac com pa nied by a cer tif i cate of anal y sis from the
sup plier may be suit able, and of ten its pu rity can be checked by
dis solv ing the stan dard in a suit able sol vent and pro cess ing a di luted
so lu tion by chro ma tog ra phy. The pres ence of a sin gle peak in the
chromatogram is in dic a tive but not con clu sive proof of pu rity. 

Many mod ern an a lyt i cal meth ods use in stru ments that are
cal i brated at ex tremely low con cen tra tions. Great care must be
ex er cised in cal cu lat ing the re quired di lu tions and pro cess ing the
ini tial stan dard so lu tion through mul ti ple di lu tions to ob tain the fi nal 
work ing stan dard so lu tion. When small vol u met ric flasks and
micropipets are used, their ca pac i ties must be checked pe ri od i cally,
par tic u larly those of me chan i cal pipets.

Ac cu racy.—Ac cu racy is de fined as the close ness of agree ment
be tween the mea sured value and the ac cepted, “true,” or ref er ence
value. Ac cu racy is in dic a tive of the bias of the mea sure ment
pro cess. Ac cu racy is of ten eval u ated by re pet i tively spik ing the
ma trix or pla cebo with known lev els of analyte stan dards at or near
tar get val ues. The frac tion or per cent age of added analyte re cov ered
from a blank ma trix is of ten used as the in dex of ac cu racy. Added
analyte, how ever, may not al ways re flect the con di tion of the nat u ral 
analyte in the ma te ri als sub mit ted for anal y sis.

When avail able, a cer ti fied ref er ence ma te rial, cer ti fied by a
metrological in sti tu tion, is an a lyzed to es tab lish bias. Two classes of 
ma te ri als are rec og nized by the In ter na tional Or ga ni za tion for
Stan  da rd  i za  t ion /Com mi t  t ee  fo r  Ref  e r  ence  Ma te  r i a l s
(ISO/REMCO): “cer ti fied ref er ence ma te ri als” (CRMs) and
“ref er ence ma te ri als” (RMs). RMs are of a lesser qual ity than
CRMs, which must have “es tab lished trace abil ity.” The U.S.
Na tional In sti tute of Stan dards and Tech nol ogy (NIST) also
pro duces “stan dard ref er ence ma te ri als” (SRMs) that are equiv a lent
to the ISO/REMCO CRMs. “Ref er ence ma te ri als” are also avail able 
com mer cially and are usu ally ac com pa nied by a cer tif i cate
in di cat ing trace abil ity to stan dards of a na tional metrological

in sti tu tion. Mi cro bi o log i cal cul tures are avail able from the
Amer i can Type Cul ture Col lec tion (ATCC) and oth ers.

Pre ci sion.—Pre ci sion is a gen eral term for the vari abil ity among
re peated tests un der spec i fied con di tions. Two types of pre ci sion,
re peat abil ity and reproducibility, have been found nec es sary and,
for many prac ti cal cases, suf fi cient for de scrib ing the vari abil ity of a
test method (1). Pre ci sion ex presses the close ness of agree ment
(de gree of scat ter) among a se ries of mea sure ments ob tained from
mul ti ple test ing of a ho mo ge neous test sam ple un der the method’s
es tab lished con di tions. It should be in ves ti gated with ho mo ge neous
test sam ples, rep re sen ta tive of the ma trixes to which the method will 
be ap plied and con tain ing the ex pected range of analyte
con cen tra tions within these ma trixes. If it is not pos si ble to ob tain
ho mo ge neous test sam ples, how ever, pre ci sion may be in ves ti gated
us ing test sam ples ar ti fi cially pre pared in the lab o ra tory to sim u late
the orig i nal test sam ples.

In prac tice, pre ci sion may be de ter mined at 3 lev els: re peat abil ity,
in ter me di ate pre ci sion, and reproducibility. Re peat abil ity re fers to
within-laboratory si mul ta neous replicability; in ter me di ate pre ci sion
re fers to within-laboratory vari a tions that arise in dif fer ent runs, on
dif fer ent days, with dif fer ent an a lysts, and dif fer ent equip ment, etc.;
and reproducibility ex presses vari abil ity among lab o ra to ries. Sys tem
pre ci sion may also be es tab lished by rep li cat ing ad di tions of the analyte 
so lu tion at var i ous points in the method, and in stru ment pre ci sion is
de ter mined by con sec u tive sig nal mea sure ment of the same ma te rial by 
the in stru ment. The in stru ment pre ci sion and the method pre ci sion may 
dif fer by an or der of mag ni tude. When a pre ci sion is given, it is
im por tant to un der stand which pre ci sion is be ing re ferred to.

Pre ci sion is a func tion of con cen tra tion, and it is eas ier to com pare 
precisions when they are placed on a rel a tive ba sis by di vid ing the
stan dard de vi a tion by the con cen tra tion to ob tain the co ef fi cient of
vari a tion (CV), which when ex pressed on a per cent age ba sis (%) is
the rel a tive stan dard de vi a tion (RSD, %). Over a rel a tively small
con cen tra tion range, 1 or 2 de cades, RSD (%) is of ten a con stant.
Ex am i na tion of the precisions of thou sands of interlaboratory
stud ies con ducted by AOAC IN TER NA TIONAL over the past
cen tury has shown that in gen eral the reproducibility rel a tive
stan dard de vi a tion (RSDR) in % can be sum ma rized by a sim ple
equa tion, eas ily en tered into a pro gram ma ble cal cu la tor or com puter 
as:

(Pre dicted) RSDR = 2C–0.1505

where C is the con cen tra tion ex pressed as a mass frac tion; e.g., for
100%, C = 1; for 1%, C = 0.01; for ppm (mg/kg), C = 10–6. RSDR is
more or less in de pend ent of analyte, ma trix, method, and time. (The
pre ci sion of in stru men tal meth ods is no better than the pre ci sion of
clas si cal meth ods at the same con cen tra tion.) A pre lim i nary
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Table 1. Common values

Con cen tra tion

RSDR, % RSDr, % Mass frac tion Com mon units

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



as sess ment of the ac cept abil ity of the pre ci sion found in the
interlaboratory study can be made by cal cu lat ing the ra tio, des ig nated
as HorRat, of the pre ci sion found to that cal cu lated from the equa tion,
as fol lows:

HorRat = 
(found) RSD

(predicted) RSD
R

R

Values fall ing within the range 0.5–2.0 are gen er ally con sid ered
ac cept able. Within-laboratory pre ci sion (RSDr) is gen er ally about
one-half to two-thirds the among-laboratories pre ci sion. Some
com mon val ues are shown in Ta ble 1.

These gen er al iza tions do not ap ply to quan ti ta tive mi cro bi ol ogy,
in which col ony for ma tion and growth are ex tremely sen si tive to
in oc u la tion and in cu ba tion con di tions, or to en zyme re ac tions,
which uti lize a cat a lytic-type mech a nism. They also do not ap ply to
phys i cal prop er ties or to in def i nite or mix tures of analytes.

The term “ac cu racy” is of ten con fused with pre ci sion, and it is used
by some au thors and or ga ni za tions in the sense of a com bi na tion of bias
and pre ci sion. Methods may be pre cise with out be ing ac cu rate, or
ac cu rate with out be ing pre cise. The term “ac cu racy” is used in the
sense of “bias.” It is also im por tant, when us ing the term to in di cate a
dif fer ence, to be sure that the sub ject of the bias is in di cated—whether it 
be a sin gle value, a mean, or a long-term av er age (ac cepted true value).
Sin gle val ues and means are prop er ties of the mea sure ment; the
long-term av er age is usu ally a prop erty of the method of mea sure ment.

Spec i fic ity.—Spec i fic ity is the abil ity of a method to re spond
ex clu sively to the tar get analyte and not to any degradant, im pu rity,
or other com po nent of the ma trix. Very few meth ods are ab so lutely
spe cific, so the term “se lec tiv ity” is of ten used for this prop erty. This 
pa ram e ter shows that the method can be used to quantitate the
analyte with out in ter fer ence.

Limit of de tec tion (LOD).—The LOD is the small est quan tity of
analyte that can be shown to be sig nif i cantly greater than the
mea sure ment (ran dom) er ror of the blank at a pre scribed level of
con fi dence (usu ally 95%). It is often taken as the blank value (or
background) plus 3 times the stan dard de vi a tion. When the LOD is
cal cu lated, it should be stated what def i ni tion and method are used.
More rig or ous def i ni tions re quire con sid er ation of false positives as
well as false neg a tives.

Limit of quantitation (or quan ti fi ca tion) (LOQ).—The LOQ is the 
small est amount of analyte in a test sam ple that can be quan ti ta tively 
de ter mined with suit able pre ci sion and ac cu racy un der pre vi ously
es tab lished method con di tions. The LOQ is a cru cial pa ram e ter in
as says of low lev els of com pounds and in the de ter mi na tion of
im pu ri ties, con tam i nants, or deg ra da tion prod ucts. It is often taken
as the blank value (or background) plus 10 times the stan dard
de vi a tion. When the LOQ is cal cu lated, it should be stated what
def i ni tion and method are used. A mul ti ple, e.g., 2, 3, or 5, of LOQ is
of ten used to es tab lish a level of for ti fi ca tion in res i due re cov ery
stud ies.

The val i da tion of LOD and LOQ is not re quired when the analyte
is within the use ful range of the as say. They are im por tant in the
de ter mi na tion of low lev els of res i dues and con tam i nants for
ex po sure es ti mates re quired in risk as sess ments and for sur veys of
low lev els of analytes. Be cause LOD and LOQ are de ter mined at the
low est use ful ranges of the meth ods, which tend to be re gions of
poor ac cu racy and pre ci sion, they can be ex pected to vary
con sid er ably.

Rug ged ness.—The rug ged ness of an an a lyt i cal pro ce dure is its
abil ity to tol er ate small vari a tions in pro ce dural con di tions, which
may in clude vari a tion in vol umes, tem per a tures, con cen tra tions, pH,
and in stru ment set tings, with out af fect ing the an a lyt i cal re sult. It
pro vides an in di ca tion of the ap pli ca bil ity of the method in a va ri ety of 
lab o ra tory con di tions. Rug ged ness is not a quan ti ta tive pa ram e ter.

Per for mance Cri te ria

The ad van tage of us ing a stan dard method of anal y sis es tab lished
through the interlaboratory study pro ce dure is that a re cord ex ists as
to the per for mance of the method by a group of representative
lab o ra to ries. This fact does not nec es sar ily im ply that any spe cific
lab o ra tory will achieve these char ac ter is tics. Ev ery lab o ra tory must
de ter mine for it self the per for mance that it can at tain. In com par ing
per for mance, a lab o ra tory must be sure that within-laboratory
pa ram e ters are be ing com pared with within-laboratory pa ram e ters
and not with among-laboratories pa ram e ters. Be fore us ing a method
with test sam ples, the lab o ra tory should es tab lish that it can ob tain
the ex pected val ues with for mu lated ma te ri als, pre vi ously an a lyzed
prod ucts, la beled com mer cial prod ucts, or ref er ence ma te ri als. All
ac tual an a lyt i cal runs should be ac com pa nied by stan dards,
con trols, and blanks as ap pro pri ate.

In-house method ver i fi ca tion does not need to be per formed each
time a method is used. Rather, it must be com pleted be fore a method
is put into use. Per for mance cri te ria, on the other hand, are
pa ram e ters that may need to be sat is fied for each rou tine use of a
method. They are ac com plished through the ap pli ca tion of qual ity
con trol pro ce dures.

Methods should ide ally have per for mance cri te ria in cluded in the
method doc u men ta tion. These cri te ria de fine whether a method, at
any given time, in the hands of any given an a lyst, is per form ing as it
should. Per for mance cri te ria are not nec es sar ily the same as those
pa ram e ters re ported in the interlaboratory study. Per for mance cri te ria
may take the form of such mea sures as de gree of lin ear ity for a se ries
of stan dards, a max i mum level for a blank value, or a rel a tive stan dard
de vi a tion for suc ces sive peak heights or ar eas. These cri te ria may also 
spec ify min i mum re cov ery lev els for con trol ma te ri als or ac cept able
lev els of pre ci sion for du pli cates. In the case of mi cro bi o log i cal
meth ods, these cri te ria may in clude pos i tive and neg a tive con trols.
Other ap pli ca ble cri te ria may con cern the ac cept abil ity of the batch of
me dia used or the pre ci sion on a sin gle day for a quan ti ta tive
mi cro bi o log i cal method. A means of ver i fy ing the ad e quacy of the
en tire an a lyt i cal sys tem at the time the anal y sis is per formed is
nec es sary to en sure that the re sults meet the re quire ments of the cli ent.

Per for mance cri te ria should be spec i fied in qual ity as sur ance
doc u ments and should also be a part of the stan dard op er at ing
pro ce dure for the method. These per for mance cri te ria act as an
on go ing check on qual ity. If the method fails to per form at the
re quired level, it is nec es sary to take cor rec tive ac tion to re solve the
prob lem and doc u ment this ac tion.

One of the sim plest pro ce dures, but of value only when there is a
suf fi cient vol ume of sim i lar an a lyt i cal work avail able to sus tain it, is 
the con trol chart. It is based on the sta tis ti cal prin ci ple that an a lyt i cal 
val ues dis trib ute them selves ac cord ing to the nor mal dis tri bu tion. A
con trol chart is pre pared by plot ting the an a lyt i cal re sult on the
ver ti cal (y) axis against time or the con sec u tive anal y sis num ber on
the hor i zon tal (x) axis. The an a lyt i cal re sult may be the ab so lute
quan tity or con cen tra tion of an analyte or the frac tion or per cent
re cov ery as ob tained from a con stant con trol ma te rial or from a
con stant ad di tion. Af ter about 30 val ues are ob tained, the mean (x)
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and the stan dard de vi a tion(s) are cal cu lated. Then hor i zon tal lines
are plot ted at (x ± 2s) and (x ± 3s), called warn ing lim its and ac tion
lim its, re spec tively. If a sub se quent anal y sis falls above or be low the 
ac tion lim its, the cause for the de vi a tion is in ves ti gated im me di ately. 
If an anal y sis falls be tween the 2 lim its, no ac tion is taken un less
sev eral val ues fall in this re gion or if a con stant trend up or down is
ex hib ited any where on the graph. The ac tion and warn ing lim its can
be ad justed as more val ues are ac cu mu lated.

In some an a lyt i cal pro ce dures, the use of an in ter nal stan dard is
help ful when blanks or stan dards are not avail able or when mul ti ple
ma trixes are an a lyzed for the same analyte. A known quan tity of a
noninterfering sub stance is added to all stan dards and tests. This
pro ce dure, of course, can only give the rel a tive re la tion ships of the
analyte in the var i ous test ma te ri als. Use of an in ter nal stan dard or
method of ad di tion does not elim i nate the ne ces sity for a ref er ence
point. This is the con cept of trace abil ity (2). The only time a
ref er ence ma te rial or a con trol ma te rial is not nec es sary is with
em pir i cal meth ods, where the method de fines the analyte, such as
“sol u ble fi ber.” For other as says, stan dard ad di tion is used to pre pare 
a cal i bra tion curve for a par tic u lar ma trix.

Many AOAC meth ods use blanks as an other in ter nal qual ity
con trol fea ture to dem on strate ab sence of con tam i na tion. Sev eral
types of blanks can be used, de pend ing on their start ing point. The
re agent blank in cludes all re agents used in the anal y sis, in clud ing a
sam ple por tion known to be free of the analyte. The re agent blank
serves as a check on the use of suit able re agents as well as
back ground in ter fer ence. An in stru ment blank con firms that no
con tam i na tion is in tro duced by the in stru ment. Other types of
blanks in clude a ma trix blank as a check for in her ent in ter fer ence
and a field sam pling blank as a check for en vi ron men tal
con tam i na tion dur ing sam pling.

When avail able, ref er ence ma te ri als are use ful as a ba sis for
per for mance as sess ment. They are usu ally too ex pen sive to use for
rou tine cal i bra tion and con trol pur poses. The oc ca sional use of a
ref er ence ma te rial cer ti fied by a metrological in sti tu tion as sures the
lab o ra tory of con tin ued trace abil ity to the in ter na tion ally
rec og nized mea sure ment sys tem. For lo cal use, how ever, a
ho mo ge neous, sta ble ma te rial mon i tored by a con trol chart can be
used to dem on strate sta bil ity of within-laboratory per for mance. But
lo cal mea sure ments must be aligned with the ex ter nal com po nents
of the mea sure ment sys tem.

Pro fi ciency Testing

Val i dated meth ods, state ments of mea sure ment un cer tainty,
cal i bra tions, ref er ence ma te ri als, and con trol charts are all nec es sary 
com po nents of a qual ity as sur ance pro gram. An a lyst pro fi ciency
can be dem on strated with ref er ence ma te ri als. These com po nents of
an in ter nal qual ity as sur ance pro gram must be sup ple mented by
interlaboratory com par i sons (ISO/IEC Guide 43-1, par. 3.6) to
com plete the as sur ance of lab o ra tory qual ity. In some ar eas, such as
clin i cal chem is try, par tic i pa tion in pe ri odic ex er cises is a reg u la tory
re quire ment.

Pro fi ciency test ing is a pro gram ex ter nal to the lab o ra tory that
com pares the an a lyt i cal per for mance of a group of lab o ra to ries.
Such ex ter nal val i da tion gives the lab o ra tory and cli ent as sur ance
that the work per formed in the lab o ra tory is at least com pa ra ble to
the an a lyt i cal re sults pro duced by other lab o ra to ries. If for mu lated,
ho mo ge neous ma trixes are used, and the pro gram also pro vides
in for ma tion on the bias of in di vid ual lab o ra to ries. In pro fi ciency
test ing, lab o ra to ries are not re stricted as to what method will be

used. There fore, it does not pro vide in for ma tion on method
per for mance un less such in for ma tion is spe cif i cally re quested. In
very large pro fi ciency pro grams, suf fi cient in for ma tion may of ten
be pro vided so that con clu sions may be reached re gard ing method
per for mance as well as an a lyst and lab o ra tory per for mance.

Pro fi ciency pro grams are avail able only for a few analytes in
spe cial ized ar eas, usu ally those of high com mer cial vol ume or of
crit i cal im por tance to pub lic health. Pro fi ciency in the anal y sis of a
given analyte/ma trix com bi na tion does not nec es sar ily carry over to
an other. For ex am ple, the de ter mi na tion of ni tro gen in ag ri cul tural
com mod i ties is en tirely dif fer ent from its de ter mi na tion in wa ter;
anal y sis of pes ti cide res i dues is quite dif fer ent from anal y sis of
pes ti cide for mu la tions. Gen eral-purpose or re search lab o ra to ries
that per form in di vid ual anal y ses for any analyte in any ma trix may
not per form a suf fi cient num ber of anal y ses to war rant the ex pense
of par tic i pa tion in pro fi ciency ex er cises. When asked to per form
anal y ses in a new area, such lab o ra to ries may wish to de cline the
work, con tract it out to a more spe cial ized lab o ra tory, or an tic i pate
the ne ces sity for con duct ing method val i da tion and per for mance
ver i fi ca tion as part of the work com mit ment. 

Ac cred i ta tion

Lab o ra tory ac cred i ta tion is a pro ce dure by which an au thor i ta tive
body gives for mal rec og ni tion that a lab o ra tory is com pe tent to
perform spe cific anal y ses. It is achieved through ex ter nal au dits
against in ter na tion ally rec og nized and avail able stan dards. ISO
Guide 17025 has gained world wide ac cep tance as a stan dard for
ac cred it ing test ing and cal i bra tion lab o ra to ries. Ac cred i ta tion,
how ever, is not a guar an tee that a lab o ra tory pro duces ac cept able
an a lyt i cal re sults. Ac cred i ta tion en sures com pe tency, not
per for mance; sat is fac tory par tic i pa tion in pro fi ciency ex er cises
dem on strates the abil ity to pro vide ac cept able an a lyt i cal re sults.
Proof that any given anal y sis is of ac cept able qual ity must be
pro vided with ev ery anal y sis through the use of ac com pa ny ing
con trols, stan dards, and ref er ence ma te ri als.

Doc u men ta tion

Doc u men ta tion is the ev i dence, ini tially writ ten or printed but
now of ten com puter gen er ated, that sup plies the proof that
state ments are cor rect or that work was per formed as stated. The
most care fully per formed anal y sis may be in val i dated if the
an a lyt i cal work and the as so ci ated re sults are not prop erly
doc u mented. The de gree of doc u men ta tion re quired de pends on the
type of work be ing per formed and the cus tomer’s needs. Once this
has been de cided, the doc u men ta tion must be com plete,
con tem po ra ne ous, and ac cu rate. Lack of doc u men ta tion may re sult
in a re fusal to ac cept the work or may be the ba sis for re fusal of
pay ment, and in cases in which the end user is the “le gal sys tem,”
lack of doc u men ta tion may ren der the data in ad mis si ble in court.

Listed be low are ex am ples of the types of in for ma tion that need to
be in cluded in the lab o ra tory re cord in or der to sub stan ti ate
an a lyt i cal mea sure ments. This list is not com pre hen sive; it is an
over view of the re cords to be in cluded in a doc u men ta tion trail in a
spe cific lab o ra tory. The doc u men ta tion should be readily avail able
to an au di tor.

• An ap proved mas ter qual ity doc u ment de tail ing the
qual ity pro gram for the lab o ra tory. 

• The cur rent ap proved writ ten pro ce dure for each es sen tial 
lab o ra tory ac tiv ity from the re ceipt of the lab o ra tory
sam ple to the re port ing of an a lyt i cal re sults. Pro ce dures
cover a range of top ics such as an a lyt i cal meth ods,
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in stru men ta tion cal i bra tion and main te nance, qual ity
con trol, safety and health, glass ware clean ing,
main te nance of mi cro bial cul tures, test sam ple
prep a ra tion, data re duc tion, con trol chart ing, and an a lyst
train ing and qual i fi ca tions.

• Doc u men ta tion dem on strat ing the abil ity to per form
sat is fac to rily each method used in the lab o ra tory. This
in cludes compendial meth ods such as those in Of fi cial
Methods of Anal y sis of AOAC IN TER NA TIONAL, United
States Phar ma co poeia and Na tional For mu lary, and the
Food Chem i cals Co dex, and the cor re spond ing na tional
of fi cial com pen dia whose use has been au tho rized by
laws or reg u la tions. Noncompendial meth ods and those
de vel oped in-house or ac quired from other sources,
re quire a higher level of ver i fi ca tion than do compendial
meth ods, par tic u larly with re spect to ap pli ca bil ity to a
spe cific anal y sis. Al though all of these meth ods may have 
been val i dated, doc u men ta tion of the abil ity of a spe cific
an a lyst within a spe cific lab o ra tory to per form the
meth ods is re quired.

• Doc u men ta tion dem on strat ing per for mance checks,
cal i bra tion, and rou tine main te nance of each in stru ment
used in the lab o ra tory.

• Doc u men ta tion of val i da tion and ap proval of
com puter-generated spread sheets used in cal cu la tions of
an a lyt i cal re sults.

• Doc u men ta tion that cal i bra tion stan dards are trace able to
a rec og nized source. Trace abil ity is the prop erty of a
re sult of a mea sure ment, or the value of a stan dard
whereby it can be re lated to stated ref er ences, usu ally
na tional or in ter na tional stan dards, through an un bro ken
chain of com par i sons, all hav ing stated un cer tain ties.

• Doc u men ta tion of re ceipt, stor age, and each trans fer of
the lab o ra tory sam ple. “Stor age” in cludes spe cial
con di tions of tem per a ture, hu mid ity, and time, when
these con di tions are crit i cal to the sta bil ity of the analyte
of in ter est.

• Doc u men ta tion of any de vi a tion from pro ce dures.
Jus tified de vi a tions from writ ten pro ce dures must be
ap proved.

• An up-to-date sig na ture list that in cludes the name of
each per son who is qual i fied to sign of fi cial doc u ments.

• Re cords of the rel e vant qual i fi ca tions, train ing, skills, and 
ex pe ri ence of the tech ni cal per son nel. These re cords must 
in clude in ter nal and ex ter nal ed u ca tion, and ver i fi ca tion
of per for mance of ap pli ca ble meth ods and tech niques.

• For each an a lyt i cal run, a re cord de tail ing (by unique
iden ti fi ca tion num ber when ap pro pri ate) the equip ment,
re agents, so lu tions, cal i bra tion stan dards, crit i cal
times/tem per a tures, test sam ple num bers, weights,
vol umes, chro mato graphic con di tions, in stru ment
set tings, etc. used in the anal y sis. En tries must be leg i ble
and cor rec tions prop erly made. All an a lyt i cal re cords
must be in de pend ently re viewed and ap proved. The
re cord should pro vide suf fi cient in for ma tion to al low
sat is fac tory rep e ti tion of the anal y sis un der the orig i nal
con di tions.

• A re cord of ma jor steps in the anal y sis, such as weigh ing, 
di gest ing, di lut ing, data re duc tion, and data en try, as well
as the name of the per son who per formed them.

• Unique, trace able iden ti fi ca tion num bers for stan dard
ma te ri als. Pre pared so lu tions and stan dards must be
trace able to the orig i nal man u fac turer’s lot num ber. They
must be used be fore their as signed ex pi ra tion dates.

• All sets (runs) of rep li cate anal y ses and their con trols and 
stan dards need to be iden ti fied and as so ci ated with a
unique lab o ra tory sam ple num ber. This unique num ber
must ap pear on all doc u ments re lated to that lab o ra tory
sam ple, in clud ing in stru ment out puts and worksheet
at tach ments.

Sys tem Suit abil ity

An im por tant con cept des ig nated as “sys tems suit abil ity” has
evolved in chro mato graphic and instrumental anal y ses to per mit use 
of col umns and in stru ments that may dif fer some what from each
other and from the ini tial spec i fi ca tions. The de sired out put is
de fined in terms of such prop er ties as the rel a tive stan dard de vi a tion
of re peated in jec tions of a stan dard so lu tion, peak shape or
sym me try, res o lu tion from an in ter nal stan dard or as so ci ated
analyte, ra tio of peak height to peak width at a spec i fied frac tional
peak height, peak-to-noise ra tio, sen si tiv ity (sig nal in ten sity per unit 
con cen tra tion), and sim i lar prop er ties. Col umn and sol vent
com po si tion or in stru ment set tings may be ad justed to ob tain
ac cept able out put within pre de ter mined pa ram e ters. In such cases,
the sys tem suit abil ity spec i fi ca tions and the set tings used to at tain
the de sired out put must be doc u mented.

Con clu sions

A lab o ra tory qual ity as sur ance pro gram en sures that a com plete
his tory is cre ated of each lab o ra tory sam ple from its re ceipt in the
or ga ni za tion to the sub mis sion of the fi nal re port. The
doc u men ta tion typ i cally con tains a state ment of the time, lo ca tion,
and pro cess ing of the ma te rial as well as an in ven tory and
iden ti fi ca tion of all re agents, sup plies, equip ment, and in stru ments
used in the pro ce dure. Sec ond ary sup port op er a tions, such as
standardizations, cal i bra tions, and com puter pro grams, must be
trace able to their pri mary doc u men ta tion. All re sults must be in
sta tis ti cal con trol as dem on strated by ap pro pri ate chart ing
tech niques, and there must be an or ga ni za tional in fra struc ture
ca pa ble of sup port ing qual ity and accreditable an a lyt i cal work.
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