
Ap pen dix D: Guide lines for Col lab o ra tive Study
Pro ce dures To Val i date Char ac ter is tics of a
Method of Anal y sis

{Note: These guide lines in cor po rate sym bols, ter mi nol ogy, and
rec om men da tions ac cepted by con sen sus by the par tic i pants at the
IUPAC Work shop on Har mo ni za tion of Col lab o ra tive An a lyt i cal
Studies, Geneva, Swit zer land, May 4–5, 1987 [Pure Appl. Chem.
60, 855–864(1988); pub lished as “Guide lines for Col lab o ra tive
Study of Pro ce dure to Val i date Char ac ter is tics of a Method of
Anal y sis,” J. Assoc. Off. Anal. Chem. 72, 694–704(1989)]. The
orig i nal guide lines were re vised at Lis bon, Por tu gal, Au gust 4,
1993, and at Delft, The Neth er lands, May 9, 1994, Pure Appl. Chem. 
67, 331–343(1995). These re vised, har mo nized guide lines have
been adopted by AOAC IN TER NA TIONAL as the guide lines for
the AOAC Of fi cial Methods Pro gram, J. AOAC Int. 78(5),
143A–160A(1995). Al though the di rec tions were de vel oped for
chem i cal stud ies, some parts may be ap pli ca ble to all types of
col lab o ra tive stud ies.}

Sum mary State ment of AOAC Rec om men da tion
for De sign of a Col lab o ra tive Study

Min i mum Cri te ria for Quan ti ta tive Study

Min i mum num ber of ma te ri als (see Note 1 on p. 4).—Five (only
when a sin gle level spec i fi ca tion is in volved for a sin gle ma trix may
this min i mum be re duced to 3).

Min i mum num ber of lab o ra to ries.—Eight re port ing valid data for
each ma te rial (only in spe cial cases in volv ing very ex pen sive
equip ment or spe cial ized lab o ra to ries may the study be con ducted with
a min i mum of 5 lab o ra to ries, with the re sult ing ex pan sion in the
con fi dence in ter val for the sta tis ti cal es ti mates of the method
char ac ter is tics).

Min i mum num ber of rep li cates.—One, if within-laboratory
re peat abil ity pa ram e ters are not de sired; 2, if these pa ram e ters are
re quired. Rep li ca tion should or di narily be at tained by blind
rep li cates or split lev els (Youden pairs).

Min i mum Cri te ria for Qual i ta tive Anal y ses

Ten lab o ra to ries re port ing on 2 analyte lev els per ma trix, 6 test
sam ples per level, and 6 neg a tive con trols per ma trix. (Note: AOAC
cri te ria for qual i ta tive anal y ses are not part of the har mo nized
guide lines.)

1. Pre lim i nary Work (Within One Lab o ra tory)

1.1 Determine Pur pose and Scope of the Study and Method

De ter mine pur pose of the study (e.g., to de ter mine at trib utes of a
method, pro fi ciency of an a lysts, ref er ence val ues of a ma te rial, or to
com pare meth ods), the type of method (em pir i cal, screen ing,
prac ti cal, ref er ence, de fin i tive), and the prob a ble use of the method
(en force ment, sur veil lance, mon i tor ing, ac cep tance test ing, qual ity
con trol, re search). Also, on the ba sis of the rel a tive im por tance of
the var i ous method at trib utes (bias, pre ci sion, spec i fic ity, limit of
de ter mi na tion), se lect the de sign of the col lab o ra tive study. The
di rec tions in this doc u ment per tain pri mar ily to de ter min ing the

pre ci sion char ac ter is tics of a method, al though many sec tions are
also ap pro pri ate for other types of stud ies.

Al ter na tives for Method Se lec tion

(1) Some times ob vi ous (only method avail able).
(2) Crit i cal lit er a ture re view (re ported within-laboratory

at trib utes are of ten op ti mis tic).
(3) Sur vey of lab o ra to ries to ob tain can di date meth ods;

com par i son of within-laboratory at trib utes of can di date meth ods
(some times choice may still not be ob jec tive).

(4) Se lec tion by ex pert [AOAC-preferred pro ce dure (se lec tion
by Study Director with con cur rence of Gen eral Ref eree)].

(5) Se lec tion by Com mit tee (ISO-preferred pro ce dure; of ten
time-consuming).

(6) De vel op ment of new method or mod i fi ca tion of ex ist ing
method when an ap pro pri ate method is not avail able. (Pro ceed as a
re search pro ject.) (This al ter na tive is time-consuming and
re source-intensive; use only as a last re sort.)

1.2 Optimize Ei ther New or Avail able Method

Prac ti cal Prin ci ples

(1) Do not con duct col lab o ra tive study with an unoptimized
method. An un suc cess ful study wastes a tre men dous amount of
col lab o ra tors’ time and cre ates ill will. This ap plies es pe cially to
meth ods that are for mu lated by com mit tees and have not been tried
in prac tice.

(2) Con duct as much ex per i men ta tion within a sin gle lab o ra tory
as pos si ble with re spect to op ti mi za tion, rug ged ness, and
in ter fer ences. Anal y sis of the same ma te rial on dif fer ent days
pro vides con sid er able in for ma tion on vari abil ity that may be
ex pected in prac tice.

Al ter na tive Ap proaches to Op ti mi za tion

(1) Con duct tri als by chang ing one vari able at a time.
(2) Con duct for mal rug ged ness test ing for iden ti fi ca tion and

con trol of crit i cal vari ables. See Youden and Steiner (pp 33–36,
50–55). The ac tual pro ce dure is even sim pler than it ap pears. (This is 
an ex tremely ef fi cient way for op ti miz ing a method.)

(3) Use Deming sim plex op ti mi za tion to iden tify crit i cal steps.
See Dols and Armbrecht. The sim plex con cept can be used in the
op ti mi za tion of in stru ment per for mance and in ap pli ca tion to
an a lyt i cal chem i cal method de vel op ment.

1.3 Develop Within-Laboratory At trib utes of Op ti mized Method

(Some items can be omit ted; oth ers can be com bined de pend ing
on whether study is qual i ta tive or quan ti ta tive.)

De ter mine cal i bra tion func tion (re sponse vs con cen tra tion in pure 
or de fined sol vent) to de ter mine use ful mea sure ment range of
method. For some tech niques, e.g., immunoassay, lin ear ity is not a
pre req ui site. In di cate any math e mat i cal trans for ma tions needed.
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De ter mine an a lyt i cal func tion (re sponse vs con cen tra tion in
ma trix, in clud ing blank) to de ter mine ap pli ca bil ity to
com mod ity(ies) of in ter est.

Test for in ter fer ences (spec i fic ity): (1) Test ef fects of im pu ri ties,
ubiq ui tous con tam i nants, fla vors, ad di tives, and other com po nents
ex pected to be pres ent and at usual con cen tra tions. (2) Test
non spe cific ef fects of ma tri ces. (3) Test ef fects of trans for ma tion
prod ucts, if method is to in di cate sta bil ity, and met a bolic prod ucts, if 
tis sue res i dues are in volved.

Con duct bias (sys tem atic er ror) test ing by mea sur ing re cov er ies
of analyte added to ma tri ces of in ter est and to ex tracts, di gests, or
other treated so lu tions thereof. (Not nec es sary when method de fines 
prop erty or com po nent.)

De velop per for mance spec i fi ca tions for in stru ments and
suit abil ity tests for sys tems (which uti lize col umns or adsorbents) to
en sure sat is fac tory per for mance of crit i cal steps (col umns,
in stru ments, etc.) in method.

Con duct pre ci sion test ing at the con cen tra tion lev els of in ter est,
in clud ing vari a tion in ex per i men tal con di tions ex pected in rou tine
anal y sis (rug ged ness). In ad di tion to es ti mat ing the “clas si cal”
re peat abil ity stan dard de vi a tion, sr, the ini ti at ing lab o ra tory may
es ti mate the to tal within-laboratory stan dard de vi a tion (se) whereby
se is the vari abil ity at dif fer ent days and with dif fer ent cal i bra tion
curves, by the same or dif fer ent an a lysts within a sin gle lab o ra tory.
This to tal within-laboratory es ti mate reflects both be tween-run
(be tween-batch) and within-run (within-batch) vari abil ity.

De lin eate the range of ap pli ca bil ity to the ma tri ces or
com mod i ties of in ter est.

Com pare the re sults of the ap pli ca tion of the method with
ex ist ing, stud ied meth ods in tended for the same pur poses, if other
meth ods are avail able.

If any of the pre lim i nary es ti mates of the rel e vant per for mance of
these char ac ter is tics are un ac cept able, re vise the method to im prove
them, and re-study as nec es sary.

Have method tried by an a lysts not in volved in its de vel op ment.
Re vise method to han dle ques tions raised and prob lems

en coun tered.

1.4 Prepare De scrip tion of Method

Note: A col lab o ra tive study of a method in volves prac ti cal test ing
of the writ ten ver sion of the method, in its spe cific style and for mat,
by a num ber of lab o ra to ries on iden ti cal ma te ri als.

Pre pare method de scrip tion as closely as pos si ble to for mat and
style that will be used for even tual pub li ca tion.

Al ways ex press re agent con cen tra tions in terms of mass (or
vol ume) per vol ume (or mass); never in terms re quir ing the an a lyst
to re cal cu late or look up for mula weights, e.g., moles. Moles may be
used, par tic u larly with vol u met ric stan dards, but only in ad di tion to
mass and vol ume. Many er rors are caused by in cor rect re cal cu la tion
of for mula weights.

Clearly spec ify re quire ments for chro mato graphic ma te ri als,
en zymes, an ti bod ies, and other per for mance-related re agents.

Clearly de scribe and ex plain ev ery step in the an a lyt i cal method
so as to dis cour age de vi a tions. Use im per a tive di rec tions; avoid
sub junc tive and con di tional ex pres sions as op tions as far as
pos si ble.

Clearly de scribe any safety pre cau tions needed.
Edit method for com plete ness, cred i bil ity (e.g., buffer pH

con sis tent with spec i fied chem i cals, vol umes not greater than
ca pac ity of con tainer), con ti nu ity, and clar ity.

Check for in clu sion of per for mance spec i fi ca tions and sys tem
suit abil ity tests, de fined crit i cal points, and con ve nient stop ping
points. In cor po rate phys i cal or chem i cal con stants of work ing
stan dards so lu tions, e.g., absorptivities, half-scale de flec tions,
re cov er ies, etc., or prop er ties of op er at ing so lu tions and
chro mato graphic ma te ri als, e.g., pH, vol umes, res o lu tion, etc., and
any other in di ca tors (e.g., sum equals 100%) that sug gest anal y sis is
pro ceed ing prop erly.

If time and re sources are avail able, con duct pi lot study in volv ing
2–3 lab o ra to ries.

1.5 In vite Par tic i pa tion

Se lec tion of Col lab o ra tors/Can di date Lab o ra tories

Lab o ra tories in vited to par tic i pate should have per son nel
ex pe ri enced in the ba sic tech niques em ployed; ex pe ri ence with the
method it self is not a pre req ui site for se lec tion. Lists of pos si ble
par tic i pants can be de vel oped through per sonal con tacts, tech ni cal
so ci et ies, trade as so ci a tions, or lit er a ture search, and ad ver tise ments 
in the Ref eree sec tion of AOAC’s mag a zine, In side Lab o ra tory
Man age ment. Col lab o ra tors are cho sen by the or ga niz ers of the
col lab o ra tive study from a di ver sity of lab o ra to ries with in ter est in
the method, in clud ing reg u la tory agen cies, in dus try, and
uni ver si ties.

Let ter of In vi ta tion

Ad dress a for mal let ter to the in di vid ual re spon si ble for
as sign ment of lab o ra tory ef fort. State rea son for se lect ing that
lab o ra tory (e.g., as a vol un teer or has re spon si bil ity or fa mil iar ity
with the prob lem or method), es ti mated num ber of per son-hours
re quired for per for mance, num ber of test sam ples to be sent, num ber
of anal y ses to be re quired, ex pected date for test sam ple dis tri bu tion, 
and tar get date for com ple tion of the study. Em pha size the
im por tance of man age ment sup port in as sign ing the nec es sary time
for the pro ject. En close a copy of the method and a re turn form or
card (with post age af fixed, if ap pro pri ate), re quir ing only a check
mark for ac cep tance or re fusal of the in vi ta tion, a sig na ture, space
for ad dress cor rec tions, tele phone and fax num bers, e-mail, and
date.

Lab o ra tory Coordinator

With large stud ies, in volv ing sev eral an a lysts per lab o ra tory,
sev eral fa mil iar iza tion sam ples, re ceipt of items at dif fer ent times,
or sim i lar re cur rent sit u a tions, ac cep tance of the in vi ta tion should be 
fol lowed by a let ter sug gest ing that a Lab o ra tory Coordinator be
ap pointed. The Laboratory Coordinator should be re spon si ble for
re ceiv ing and stor ing the study ma te ri als, as sign ing the work,
dis pens ing study ma te ri als and in for ma tion re lated to the study,
see ing that the method is fol lowed as writ ten, ac cu mu lat ing the data, 
as sur ing that the data are cor rectly re ported, and sub mit ting the
col lab o ra tive study manuscript within the dead line.

1.6 Instructions and Re port Forms

Care fully de sign and pre pare in struc tions and forms, and
scru ti nize them be fore dis tri bu tion. A pi lot study is also use ful for
un cov er ing prob lems in these doc u ments.

Send in struc tions and re port forms im me di ately on re ceipt of
ac cep tance, in de pend ent of study ma te ri als, if se lec tion of

© 2005 AOAC IN TER NA TIONAL

INTERLABORATORY COLLABORATIVE STUDY AOAC OFFICIAL METHODS OF ANALYSIS (2005)

Ap pen dix D, p. 2



lab o ra to ries is not to be based on per for mance in pi lot or train ing
stud ies. The in struc tions should in clude in bold face or cap i tal let ters 
a state ment: 

THIS IS A STUDY OF THE METHOD, NOT OF THE
LAB O RA TORY. THE METHOD MUST BE FOL LOWED AS
CLOSELY AS PRAC TI CA BLE, AND ANY DE VI A TIONS
FROM THE METHOD AS DE SCRIBED, NO MATTER HOW
TRIV IAL THEY MAY SEEM, MUST BE NOTED ON THE
RE PORT FORM.

In clude in struc tions on stor age and han dling, mark ings, and
iden ti fi ca tions to be noted, any spe cial prep a ra tion for anal y sis, and
cri te ria for use of prac tice or fa mil iar iza tion sam ples, if in cluded.
Pre-code the form for each lab o ra tory and pro vide suf fi cient space
for as much se quen tial data as may be re quired for proper eval u a tion
of the re sults, in clud ing a check of the cal cu la tions.

The ini ti at ing lab o ra tory should in di cate the num ber of
sig nif i cant fig ures to be re ported, usu ally based on the out put of the
mea sur ing in stru ment.

Note: In mak ing sta tis ti cal cal cu la tions from the re ported data, the 
full power of the cal cu la tor or com puter is to be used with no
round ing or trun cat ing un til the fi nal re ported mean and stan dard
de vi a tions are achieved. At this point the stan dard de vi a tions are
rounded to 2 sig nif i cant fig ures and the means and rel a tive stan dard
de vi a tions are rounded to ac com mo date the sig nif i cant fig ures of the 
stan dard de vi a tion. For ex am ple, if the reproducibility stan dard
de vi a tion sR = 0.012, the mean is re ported as 0.147, not as 0.1473 or
0.15, and RSDR, rel a tive reproducibility stan dard de vi a tion, is
re ported as 8.2%. If stan dard de vi a tion cal cu la tions must be
con ducted man u ally in steps, with the trans fer of in ter me di ate
re sults, the num ber of sig nif i cant fig ures to be re tained for squared
num bers should be at least 2 times the num ber of fig ures in the data
plus 1.

When re corder trac ing re pro duc tions are re quired to eval u ate
method per for mance, re quest their sub mis sion both in the
in struc tions and as a check item on the form. Pro vide in struc tions
with re gard to la bel ing of re corder trac ings, such as iden ti fi ca tion
with re spect to item an a lyzed, axes, date, submitter, ex per i men tal
con di tions, and in stru ment set tings.

In clude in the re port form a sig na ture line for the an a lyst and lines
for a printed or typed ver sion of the name and ad dress for cor rect
ac knowl edge ment.

Pro vide for a re view by the lab o ra tory su per vi sor. An ex am ple of
a com pleted form is help ful. A ques tion naire may be in cluded or sent 
af ter com ple tion of the anal y ses in which the ques tions can be
de signed to re veal if mod i fi ca tions have been made at crit i cal steps
in the method.

Re quest a copy of the cal i bra tion curve or other re la tion ship
be tween re sponse and con cen tra tion or amount of analyte so that if
dis crep an cies be come ap par ent af ter ex am in ing all of the data, it can
be de ter mined whether the prob lem is in the cal i bra tion or in the
anal y sis.

1.7 Familiarization or Prac tice Sam ples

If deemed nec es sary, sup ply as far ahead as prac ti ca ble,
fa mil iar iza tion sam ples, with in struc tions, be fore ac tual ma te ri als
are sent. When fa mil iar iza tion sam ples have been sub mit ted, sup ply
forms for re port ing prog ress to ward sat is fac tory per for mance.

2. De sign of the Col lab o ra tive Study

2.1 Gen eral Prin ci ples

The pur pose of a col lab o ra tive study is to de ter mine es ti mates of
the at trib utes of a method, par tic u larly the “pre ci sion” of the method
that may be ex pected when the method is used in ac tual prac tice. The 
AOACI uses 2 terms to de fine the pre ci sion of a method un der
2 cir cum stances of rep li ca tion: re peat abil ity and reproducibility.
Re peat abil ity is a mea sure of the vari a tion, sr

2, be tween rep li cate
de ter mi na tions by the same an a lyst. It de fines how well an an a lyst
can check him self us ing the same method on blind rep li cates of the
same ma te rial or split lev els (Youden pairs), un der the same
con di tions (e.g., same lab o ra tory, same ap pa ra tus, and same time).
Reproducibility is a com pos ite mea sure of vari a tion, sR

2, which
in cludes the be tween-laboratory and within-laboratory vari a tions. It 
mea sures how well an an a lyst in a given lab o ra tory can check the
re sults of an other an a lyst in an other lab o ra tory us ing the same
method to an a lyze the same test ma te rial un der dif fer ent con di tions
( e . g . ,  d i f  f e r  e n t  a p  p a  r a  t u s  a n d  d i f  f e r  e n t  t i m e ) .  T h e
be tween-laboratory vari a tion rep re sents a sys tem atic er ror that
re flects vari a tion aris ing from en vi ron men tal con di tions (e.g.,
con di tion of re agent and in stru ments, vari a tion in cal i bra tion
fac tors, and in ter pre ta tions of the steps of the method) as so ci ated
with the lab o ra to ries used in the study. There fore, it is im por tant to
iden tify the causes of the dif fer ences among lab o ra to ries so that they 
may be con trolled. Oth er wise they will be summed into sR

2.

Pres ent test sam ples sent for anal y sis as un knowns (blind) and
coded in a ran dom pat tern. If nec es sary to con serve an a lyst time, an
in di ca tion of the po ten tial range of con cen tra tion or amount of
analyte may be pro vided. If spik ing so lu tions are used, pro vide one
coded so lu tion for each ma te rial. All spik ing so lu tions should be
iden ti cal in ap pear ance and vol ume. Do not pro vide a sin gle so lu tion 
from which aliquots are to be re moved for spik ing. Any in for ma tion
with re gard to con cen tra tion (e.g., uti liz ing fac to rial aliquots or
se rial di lu tions of the same spik ing so lu tions) or known rep li ca tion
is likely to lead to an un der es ti mate of the vari abil ity.

The study must be ex ten sive enough to as sure suf fi cient data
sur viv ing in the face of pos si ble loss of ma te ri als dur ing ship ment,
in abil ity of col lab o ra tors to par tic i pate af ter ac cep tance, and a
max i mum out lier rate of 2/9 and still main tain valid data from a
min i mum of 8 lab o ra to ries.

Im proper prep a ra tion of ref er ence stan dards and stan dard
so lu tions can cause a sig nif i cant por tion of the an a lyt i cal er ror. A
de ci sion must be made whether such er ror is to be con sid ered
sep a rately or as part of the method, i.e., will the an a lysts pro cure
their own stan dard so lu tions or will stan dards be pro vided by the
Study Director. The de ci sion de pends pri mar ily on the avail abil ity
of the stan dard. If the stan dard is readily avail able, the an a lysts
should pre pare their own. If the stan dard is not readily avail able, the
stan dard may be sup plied, but phys i cal con stants, e.g., ab sorp tivi ty
of work ing stan dard so lu tions, should be in cor po rated into the
de scrip tion as a check on proper prep a ra tion of the so lu tion.

Ob tain the nec es sary ad min is tra tive and op er a tional ap prov als.
Re view by po ten tial us ers of the method is also de sir able.

2.2 Lab o ra tories

Lab o ra tories must re al ize the im por tance of the study. A large
in vest ment is be ing made in study ing the method and this prob a bly
will be only col lab o ra tive study of the method that will per formed.
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There fore, it is im por tant to have a fair and thor ough eval u a tion of
the method.

Type

The most ap pro pri ate lab o ra tory is one with a re spon si bil ity
re lated to the an a lyt i cal prob lem. Lab o ra tory types may be
rep re sen ta tive (se lec tion of lab o ra to ries that will be us ing the
method in prac tice), ref er ence (as sumed to be “best”), or the en tire
pop u la tion of lab o ra to ries (usu ally cer ti fied or ac cred ited) that will
be us ing the method. Fi nal se lec tion of par tic i pants should be based
on a re view with the Gen eral Ref eree and oth ers of each lab o ra tory’s
ca pa bil i ties and past per for mance in col lab o ra tive stud ies, fol lowed
up, if pos si ble, by tele phone con ver sa tions or by per sonal vis its.
Se lec tion may also be based on per for mance with fa mil iar iza tion
sam ples. Some times only lab o ra to ries with ded i cated or very
spe cial ized in stru ments must be used. If the study is in tended for
in ter na tional con sid er ation, lab o ra to ries from dif fer ent coun tries
should be in vited to par tic i pate.

Num ber of Lab o ra tories

Min i mum of 8 lab o ra to ries sub mit ting valid data (to avoid un duly

large con fi dence bands about the es ti mated pa ram e ters). Only in

spe cial cases of very ex pen sive equip ment or spe cial ized

lab o ra to ries may the study be con ducted with a min i mum of 5

lab o ra to ries. Fewer lab o ra to ries widen the con fi dence lim its of the

mean and of the vari ance com po nents (see de sign con sid er ations).

The op ti mum num ber of lab o ra to ries, bal anc ing lo gis tics and costs

against in for ma tion ob tained, of ten is 8–10. How ever, larger stud ies

are not dis cour aged.

For qual i ta tive anal y ses, a min i mum of 10 lab o ra to ries is needed;

col lab o ra tive study must be de signed to in clude 2 analyte lev els per

ma trix, 6 test sam ples per level, and 6 neg a tive con trols per ma trix.

(Note 1: AOAC cri te ria for qual i ta tive anal y ses are not part of the

har mo nized guide lines.)

An a lysts

Most de signs re quire only 1 an a lyst per lab o ra tory. If
analyst–within-laboratory vari abil ity is a de sired vari ance
com po nent, mul ti ple an a lysts should be re quested from all
par tic i pat ing lab o ra to ries. Or di narily 2 an a lysts from the same
lab o ra tory can not be sub sti tuted for dif fer ent lab o ra to ries, un less
stan dard so lu tions, re agents, chro mato graphic col umns and/or
ma te ri als, in stru ment cal i bra tions, stan dard curves, etc., are
pre pared in de pend ently, and no con sul ta tion is per mit ted dur ing the
work. Dif fer ent lab o ra to ries from the same or ga ni za tion may be
used as sep a rate lab o ra to ries if they op er ate in de pend ently with
their own in stru ments, stan dards, re agents, and su per vi sion.

2.3 Test Ma te rials

Ho mo ge neous Ma te rials

Ma te rials must be ho mo ge neous; this is crit i cal. Es tab lish
ho mo ge ne ity by test ing a rep re sen ta tive num ber of lab o ra tory
sam ples taken at ran dom be fore ship ment. (A col lab o ra tor who
re ports an out ly ing value will fre quently claim re ceipt of a de fec tive
lab o ra tory sam ple.) The pen alty for inhomogeneity is an in creased

vari ance in the an a lyt i cal re sults that is not due to the in trin sic method
vari abil ity.

Test Sam ple Coding

Code test sam ples at ran dom so that there is no pre-selection from
or der of pre sen ta tion.

Con cen tra tion Range

Choose analyte lev els to cover con cen tra tion range of in ter est. If
con cen tra tion range of in ter est is a tol er ance limit or a spec i fi ca tion
level, bracket it and in clude it with ma te ri als of ap pro pri ate
con cen tra tion. If de sign in cludes the de ter mi na tion of ab sence of
analyte, in clude blank (not de tect able) ma te ri als as part of range of
in ter est.

Num ber of Ma te rials

A min i mum of 5 ma te ri als must be used in the col lab o ra tive study.
Three ma te ri als are al lowed but only when a sin gle spec i fi ca tion is
in volved for a sin gle ma trix. 

N o t e  1 :  A  m a  t e  r i a l  i s  a n  a n a l y t e  ( o r  t e s t
com po nent)/ma trix/con cen tra tion com bi na tion to which the
method-performance pa ram e ters ap ply. This pa ram e ter de ter mines
the ap pli ca bil ity of the method.

Note 2: The 2 test sam ples of blind or open du pli cates are a sin gle
ma te rial (they are not in de pend ent).

The 2 test sam ples con sti tut ing a matched pair (called X and Y)
are con sid ered Youden matched pairs only if they are suf fi ciently
close in com po si tion. “Suf fi ciently close” would be con sid ered as

≤5% dif fer ence in com po si tion be tween X and Y. That is, given that
the con cen tra tion of analyte in X (xc) is higher than the
con cen tra tion of the analyte in Y (yc) then:

x y

x
c c

c

− ≤ 0 05.

or:

yc ≥ (xc – 0.05xc)

Note 3: The blank or neg a tive con trol may or may not be a
ma te rial, de pend ing on the usual pur pose of the anal y sis. For
ex am ple, in trace analysis, where very low lev els (near the limit of
quantitation) are of ten sought, the blanks are con sid ered as
ma te ri als, and are nec es sary to de ter mine cer tain sta tis ti cal “lim its
of mea sure ment;” how ever, if the blank is merely a pro ce dural
con trol, in macro-level analysis (e.g., fat in cheese), it would not be
con sid ered a ma te rial.

Na ture of Ma te rials

Ma te rials should be rep re sen ta tive of com mod i ties usu ally
an a lyzed, with cus tom ary and ex treme val ues for the analyte.

Size of Test Sam ples

Fur nish only enough test sam ple to pro vide the num ber of test
por tions spec i fied in the in struc tions. If ad di tional test por tions are
re quired, the col lab o ra tor must re quest them, with an ex pla na tion.
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In ter fer ences

If per ti nent, some ma te ri als, but not all, should con tain
con tam i nants and in ter fer ences in con cen tra tions likely to be
en coun tered, un less they have been shown to be un im por tant
through within-laboratory study. The suc cess of the method in
han dling in ter fer ence on an intralaboratory ba sis will be
dem on strated by pass ing sys tems suit abil ity tests.

Fa mil iar iza tion Sam ples

With new, com plex, or un fa mil iar tech niques, pro vide ma te rial(s)
of stated com po si tion for prac tice, on dif fer ent days, if pos si ble. The
valu able col lab o ra tive ma te ri als should not be used un til the an a lyst
can re pro duce the stated value of the fa mil iar iza tion sam ples within
a given range. How ever, it should be pointed out that one of the
as sump tions of anal y sis of vari ance is that the un der ly ing
dis tri bu tion of re sults is in de pend ent of time (i.e., there is no drift).
The Study Director must be sat is fied that this as sump tion is met.

2.4 Rep li ca tion

When within-laboratory vari abil ity is also of in ter est, as is usu ally 
the case, in de pend ent rep li ca tion can be en sured by ap ply ing at least
one of the fol low ing pro ce dures (listed in sug gested or der of
de sir abil ity; the na ture of the de sign should not be an nounced
be fore hand):

(1) Split lev els (Youden pairs).—The 2 test ma te ri als, nearly

iden ti cal but of slightly dif fer ent com po si tion (e.g., ≤5% dif fer ence
in com po si tion, see 2.3 Num ber of Ma te rials, Note 2) are ob tained
ei ther nat u rally or by di lut ing (or by for ti fy ing) one por tion of the
ma te rial with a small amount of dil u ent (or of analyte). Both
por tions are sup plied to the par tic i pat ing lab o ra to ries as test
sam ples, each un der a ran dom code num ber, and each test sam ple
should be an a lyzed only once; rep li ca tion de feats the pur pose of the
de sign.

(2) Split lev els for some ma te ri als and blind du pli cates for other
ma te ri als in the same study.—Obtain only sin gle val ues from each
test sam ple sup plied.

(3) Blind du pli cate test sam ples, ran domly coded.—Note:
Trip li cate and higher rep li ca tion are rel a tively in ef fi cient when
com pared with du pli cate test sam ples be cause rep li ca tion pro vides
ad di tional in for ma tion only on in di vid ual within-laboratory
vari abil ity, which is usu ally the less im por tant com po nent of er ror. It 
is more ef fec tive to uti lize re sources for the anal y sis of more lev els
and/or ma te ri als rather than for in creas ing the num ber of rep li cates
for the in di vid ual ma te ri als.

PRAC TI CAL PRIN CI PLE: With re spect to rep li ca tion, the
great est net mar ginal gain is al ways ob tained in go ing from 2 to 3 as
com pared to go ing from 3 to 4, 4 to 5, etc.

(4) In de pend ent ma te ri als.—(Note: Un re lated in de pend ent
ma te ri als may be used as a split level in the cal cu la tions of the

pre ci sion pa ram e ters or for plot ting. There should be ≤5%
dif fer ence in com po si tion for such ma te ri als (see 2.3 Num ber of
Ma te rials, Note 2). The more they dif fer in con cen tra tion, the less
re li able the in for ma tion they pro vide on within-laboratory
vari abil ity.)

(5) Known rep li cates.—Use of known rep li cates is a com mon
prac tice.—It is much pref er a ble to use the same re sources on blind
rep li cates or split lev els.

(6) Qual ity con trol ma te ri als .—In stead of ob tain ing
re peat abil ity pa ram e ters through the col lab o ra tive study,
in for ma tion can be ob tained from use of qual ity con trol ma te ri als in
each lab o ra tory in di vid u ally, for its own use, in de pend ent of the
col lab o ra tive study, for a sep a rate cal cu la tion of sr, us ing 2 (or more)
rep li cates from each qual ity con trol test, ac cord ing to the pat tern
de vel oped for each prod uct.

2.5 Other De sign Con sid er ations

The de sign can be re duced in the di rec tion of less work and less
cost, but at the sac ri fice of re duced con fi dence in the re li abil ity of
the de vel oped in for ma tion.

More work (val ues) is re quired if more con fi dence is needed, e.g.,
greater con fi dence is re quired to en force a tol er ance at 1.00 mg/kg
than at 1.0 mg/kg. (The dis tinc tion is a pre ci sion re quire ment of the
or der of 1% rather than 10%.)

The es ti mate of the stan dard de vi a tion or the cor re spond ing
rel a tive stan dard de vi a tion ob tained from a col lab o ra tive study is a
ran dom vari able that var ies about its cor re spond ing true value. For
ex am ple, the stan dard de vi a tion, sr, which mea sures within
lab o ra tory or re peat abil ity pre ci sion has as so ci ated with it a
stan dard de vi a tion (STD = sr) de scrib ing its scat ter about the true

value σr. There fore, sr, whose STD (sr) is a func tion of sr
2, num ber of

lab o ra to ries, and num ber of anal y ses per lab o ra tory, will vary about

σr from oc ca sion-to-occasion even for the same test con di tions and
ma te rial. The STD sR, which mea sures among lab o ra tory or
reproducibility pre ci sion, has a STD (sR) that is a func tion of the
ran dom vari ables sr

2 and sL
2, number of lab o ra to ries, and num ber of

anal y ses per lab o ra tory. sR will vary about its true value σR from
oc ca sion-to-occasion for the same test ma te rial.

The va lid ity of ex trap o lat ing the use of a method be yond
con cen tra tions and com po nents tested can be es ti mated only on the
ba sis of the slope of the cal i bra tion curve (sen si tiv ity) ob served as a
func tion of the na ture and con cen tra tion of the ma trix and
con tam i nant com po nents. If the sig nal is more or less in de pend ent of 
these vari ables, a rea son able amount of ex trap o la tion may be
uti lized. The extrapolator as sumes the bur den of proof as to what is
rea son able.

3. Prep a ra tion of Ma te rials for Col lab o ra tive Studies

3.1 Gen eral Prin ci ples

Het er o ge ne ity be tween test sam ples from a sin gle test ma te rial
must be neg li gi ble com pared to an a lyt i cal vari abil ity, as mea sured
within the Study Di rec tor’s lab o ra tory.

The con tain ers must not con trib ute ex tra ne ous analytes to the
con tents, and they must not ad sorb or ab sorb analytes or other
com po nents from the ma trix, e.g., wa ter.

If nec es sary, the ma te ri als may be sta bi lized, pref er a bly by
phys i cal means (freez ing, de hy drat ing), or by chem i cal means
(pre ser va tives, an ti ox i dants) which do not af fect the per for mance of
the method.

Com po si tion changes must be avoided, where nec es sary, by the
use of va por-tight con tain ers, re frig er a tion, flush ing with an in ert
gas, or other pro tec tive pack ag ing.

3.2 Ma te rials Suit able for Col lab o ra tive Studies

Ma te rial and analyte sta bil ity: En sure analyte and ma trix sta bil ity 
over pro jected trans port time and pro jected length of study.
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Sin gle batch of ho mog e nous, sta ble prod uct such as milk pow der,
pea nut but ter, veg e ta ble oil, starch, etc., is the best type of ma te rial.

Ref er ence ma te ri als sup plied by stan dards or ga ni za tions such as
Na tional In sti tute of Stan dards and Tech nol ogy (NIST,
Gaithersburg, MD) and EC’s Joint Re search Cen ter and In sti tute on
Ref er ence Ma te rials and Methods (IRMM, Bel gium) are ex cel lent,
un less they have eas ily rec og niz able char ac ter is tics (e.g., odor and
color of NIST Or chard Leaves). How ever, they are of lim ited
avail abil ity, com po si tion, and analyte level. If avail able, they are
ex pen sive. Some times the cer tif i ca tion or ga ni za tion may be
in ter ested in mak ing ref er ence ma te ri als avail able for the analyte
un der study, in which case it may as sist in pro vid ing the ma te rial for
the study.

Syn thetic ma te ri als may be es pe cially for mu lated with known
amounts of analytes by ac tual prep a ra tion for the study. This
pro ce dure is best used for macro-constituents such as drugs or
pes ti cide for mu la tions.

Spiked ma te ri als con sist ing of nor mal or blank ma te ri als to which
a known amount of analyte has been added may be used. The
amount of analyte added should not be ex ces sive in re la tion to the

amount pres ent (e.g., about 2×), and the analyte added should be in
the same chem i cal form as pres ent in the com mod i ties to be
an a lyzed sub se quently.

In drug and pes ti cide res i due-type prob lems, it is of ten nec es sary
to use spiked ma te ri als in or der to as sess re cov ery. How ever,
be cause in curred res i dues are likely to pres ent dif fer ent prob lems
from those of spiked res i dues, col lab o ra tive stud ies should in clude
some test sam ples with in curred res i dues to en sure that the method is 
ap pli ca ble un der these con di tions as well.

(1) Prep a ra tion in bulk.—This re quires thor ough and uni form
in cor po ra tion of analyte, of ten by se rial di lu tion of sol ids. The
dan ger of seg re ga tion due to dif fer ences in den si ties al ways ex ists.
Fluid ma te ri als sus cep ti ble to seg re ga tion should be pre pared un der
con stant ag i ta tion. Uni for mity should be checked by di rect anal y sis, 
with an in ter nal stan dard, or by a marker com pound (dye or
ra dio ac tive la bel).

(2) Test sam ples, in di vid u ally pre pared.—A known amount of
analyte is ei ther weighed di rectly or added as an aliquot of a
pre pared so lu tion to pre-measured por tions of the ma trix in
in di vid ual con tain ers. The col lab o ra tor is in structed to use each
en tire por tion for the anal y sis, trans fer ring the con tents of the
con tainer quan ti ta tively or a sub stan tial weighed frac tion of the
por tion. (This is the pre ferred al ter na tive to spiked solid ma te ri als at
trace [mg/kg] lev els, at the ex pense of con sid er ably more work.)

(3) Con cen trated un known so lu tions for di rect ad di tion by
col lab o ra tors to their own com mod i ties.—Should be used only as a
last re sort when in sta bil ity of the analyte pre cludes dis tri bu tion from 
a cen tral point. To pre clude di rect anal y sis of the spik ing so lu tion,
sup ply in di vid ual coded so lu tions to be added in their en tirety to
por tions of the ma trix for sin gle anal y ses by each lab o ra tory. All
so lu tions should have the same vol ume and ap pear ance. This type of 
ma te rial is anal o gous to that of test sam ples ex cept for the source of
ma trix. This case should be used only for per ish able com mod i ties
that are al tered by all avail able pres er va tion tech niques.

Ma te rials an a lyzed by an other, pre sum ably ac cu rate, method, if
avail able, in the Study Director’s lab o ra tory or by some or all the
col lab o ra tors.

Only as an ab so lutely last re sort (usu ally with un sta ble ma te ri als
and prep a ra tion of ma te rial stud ies) should the col lab o ra tors be
per mit ted to pre pare their own ma te ri als for anal y sis. Since it is

im pos si ble to avoid the per sonal bias in tro duced by knowl edge of
the com po si tion of the ma te rial, the ma te ri als should be pre pared in
each lab o ra tory by an in di vid ual who will not be in volved in the
anal y ses.

3.3 Blanks

When the ab sence of a com po nent is as im por tant as its pres ence,
when de ter mi na tions must be cor rected for the amount of the
com po nent or the pres ence of back ground in the ma trix, or when
re cov ery data are re quired, pro vi sion must be made for the in clu sion
of blank ma te ri als con tain ing “none” (not de tected) of the analyte. It
is also im por tant to know the vari abil ity of the blank and the
ten dency of the method to pro duce false positives. There are 2 types
of blanks: ma trix blanks and re agent blanks. Since lab o ra to ries of ten 
will uti lize re agents from dif fer ent sources, each lab o ra tory should
per form re agent blanks. Ma trix blanks, when re quired, are an
in trin sic part of the method, and the num ber of blanks needed
de pends on the com bined vari ance of the ma te rial (sM) and of the
blank (sB). Stan dard de vi a tion re flect ing the to tal vari abil ity of a
blank cor rected value will be s = (sM

2 + sB
2)1/2.

3.4 Limit of De tec tion/Quantitation

If the limit of de tec tion/quantitation is im por tant, it is nec es sary to 
pro vide a de sign which gives spe cial at ten tion to the num ber of
blanks, and to the ne ces sity for in ter pret ing false positives and false
n e g  a  t i v e s .  I n  a l l  c a s e s ,  t h e  d e f  i  n i  t i o n  o f  l i m i t  o f
de tec tion/quantitation used in the study must be given by the Study
Director.

3.5 Con trols

When sep a ra tion from in ter fer ences is crit i cal to the anal y sis,
ap pro pri ate ma te ri als in cor po rat ing these in ter fer ences must be
in cluded.

PRAC TI CAL AD VICE: Al ways al low for con tin gen cies and
pre pare more sets (e.g., 25% more) of lab o ra tory sam ples than there
are col lab o ra tors. Some pack ages may never ar rive, some ma te ri als
may spoil, and some may be lost or the con tainer bro ken. New
lab o ra to ries may have to be sub sti tuted for those which are un able to
com plete the prom ised work. Some sets may have to be an a lyzed at a
later time for dif fer ent pur poses, such as to ver ify sta bil ity on stor age.

4. Sub mis sion of Test Sam ples

4.1 Sending Col lab o ra tive Study Ma te rial

No tify col lab o ra tors of ship ping ar range ments, in clud ing way bill 
num bers, ar rival time, and re quired stor age con di tions.

La bel test sam ples leg i bly and with out am bi gu ity.
Pack ship ping car tons well and la bel prop erly to avoid

trans por ta tion de lays. If the con tain ers are break able, pack well to
min i mize pos si bil ity of break age. If ma te rial is per ish able, ship
frozen with solid CO2, suf fi cient to last sev eral days lon ger than
an tic i pated travel time. Use spe cial trans por ta tion ser vices, if
nec es sary. For in ter na tional de liv ery, mark as “Lab o ra tory
sam ples—no com mer cial value” or other des ig na tion as re quired by
cus toms reg u la tions of the coun try to which the pack age is be ing
sent. Haz ard ous ma te ri als must be packed and la beled as re quired by 
trans por ta tion reg u la tions. An i mal and plant prod ucts sent across
in ter na tional bor ders may re quire spe cial cer tif i ca tion from health
au thor i ties.
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In clude a re turn slip, to con firm safe re ceipt, with each pack age.
If not sent pre vi ously, in clude copy of method, in struc tions, and
re port forms.

Pro vide in struc tions for proper stor age of test sam ples be tween
un pack ing and anal y sis. Note that an a lysts should not use thawed or
de com posed test sam ples with out con sult ing the Study Director.

When it is im por tant to have in stru ments cal i brated with the same
ref er ence ma te rial, sup ply ref er ence ma te rial to col lab o ra tors.
Pro vi sion for sup ply ing ref er ence stan dards is par tic u larly
im por tant when com mer cial sources of stan dards have not yet been
de vel oped. The in clu sion of a work ing stan dard so lu tion as an
un known is use ful to es tab lish a con sen sus value for stan dard iza tion
of qual ity con trol pa ram e ters, such as ab sorp tivi ty, re ten tion time,
and sen si tiv ity (change in sig nal in ten sity di vided by the change in
con cen tra tion).

4.2 Ob li ga tions of Col lab o ra tors

An a lyze test sam ples at times in di cated, ac cord ing to sub mit ted
pro to col. With un sta ble ma te ri als (e.g., with mi cro bial or
de com po si tion prob lems), anal y ses must be started at spec i fied
times.

FOL LOW METHOD EX ACTLY (this is crit i cal). If method is
un clear, con tact Study Director. Any de vi a tion, such as the ne ces sity 
to sub sti tute re agents, col umns, ap pa ra tus, or in stru ments, must be
re corded at the time and re ported. If the col lab o ra tor has no in ten tion 
of fol low ing the sub mit ted method, he or she should not par tic i pate
in the study. If the col lab o ra tor wishes to check an other method on
the same ma te ri als, ad di tional test sam ples should be re quested for
that pur pose, to be an a lyzed sep a rately.

Con duct ex actly the num ber of de ter mi na tions stated in the
in struc tions. Any other num ber com pli cates the sta tis ti cal anal y sis.
Too few de ter mi na tions may re quire dis card ing the re sults from that
lab o ra tory for that ma te rial or in sert ing “miss ing val ues”; too many
val ues may re quire dis card ing the con tri bu tion of that lab o ra tory or
at least some of the val ues. If a lab o ra tory can not fol low in struc tions
as to num ber of anal y ses to per form, it raises a ques tion as to its
abil ity to fol low the method.

Re port in di vid ual val ues, in clud ing blanks. Do not av er age or do
other data ma nip u la tions un less re quired by the in struc tions.
Un dis closed av er ag ing dis torts sta tis ti cal mea sures. If blank is
larger than de ter mi na tion, re port the neg a tive value; do not equate
neg a tive val ues to zero. Fol low or re quest in struc tions with re gard to 
re port ing “traces” or “less than.” De scrip tive (i.e., nonquantitative)
terms are not ame na ble to sta tis ti cal anal y sis and should be avoided.
When re sults are be low the limit of de ter mi na tion, re port ac tual
cal cu lated re sult, re gard less of its value.

Sup ply raw data, graphs, re corder trac ings, pho to graphs, or
other doc u men ta tion as re quested in the in struc tions.

Since col lab o ra tors may have no ba sis for judg ing whether a value 
is an out lier, the re sults should be com mu ni cated to the Study
Director as soon as the pro to col is com plete and be fore time and
equip ment are re as signed, so that re peat as says may be per formed at
once, if nec es sary and if per mit ted by the pro to col.

Note: The sooner an ap par ent out lier is in ves ti gated, the greater
the like li hood of find ing a rea son for its oc cur rence.

The most fre quent causes of cor rect able out li ers are:

• In cor rect cal cu la tions and arith me tic er rors.

• Er rors in re port ing, such as trans po si tion of num bers,
mis place ment of the dec i mal point, or use of the wrong
units.

• In cor rect stan dards due to weigh ing or vol u met ric er rors
(check phys i cal con stants or com pare against freshly
pre pared stan dard so lu tions).

• Con tam i na tion of re agents, equip ment, or test sam ples.

5. Sta tis ti cal Anal y sis

5.1 Ini tial Re view of Data (Data Au dit)

The Study Director may first plot the col lab o ra tive study re sults,
ma te rial by ma te rial (or one value against the other for a split level
[Youden pair]), value vs lab o ra tory, pref er a bly in as cend ing or
de scend ing or der of re ported av er age con cen tra tion. Usually ma jor
dis crep an cies will be ap par ent: dis placed means, un duly spread
rep li cates, out ly ing val ues, dif fer ences be tween meth ods,
con sis tently high or low lab o ra tory rank ings, etc.

Only valid data should be in cluded in the sta tis ti cal anal y sis. Valid 

data are val ues that the Study Director has no rea son to sus pect as

be ing wrong. In valid data may re sult when: (1) the method is not

fol lowed; (2) a non lin ear cal i bra tion curve is found al though a lin ear 

curve is ex pected; (3) sys tem suit abil ity spec i fi ca tions were not met; 

(4) res o lu tion is in ad e quate; (5) dis torted ab sorp tion curves arise;

(6) un ex pected re ac tions oc cur; or (7) other atyp i cal phe nom ena

ma te ri al ize. Other po ten tial causes of in valid data are noted

pre vi ously.

5.2 Out liers

Col lab o ra tive stud ies seem to have an in her ent level of out li ers,
the num ber de pend ing on the def i ni tion of out li ers and the ba sis for
cal cu la tion (analytes, ma te ri als, lab o ra to ries, or de ter mi na tions).
Re jec tion of more than 2/9 of the data from each ma te rial in a study,
with out an ex pla na tion (e.g., fail ure to fol low the method), is
or di narily con sid ered ex ces sive. Study must main tain valid data
from a min i mum of 8 labs. For larger stud ies, a smaller ac cept able
per cent age of re jec tions may be more ap pro pri ate. De ter mine the
prob a bil ity that the ap par ent ab er rant value(s) is part of the main
group of val ues con sid ered as a nor mal pop u la tion by ap ply ing the
fol low ing tests in or der:

(1) Cochran test for re moval of lab o ra to ries (or in di rectly for
re moval of ex treme in di vid ual val ues from a set of lab o ra tory
val ues) show ing sig nif i cantly greater vari abil ity among rep li cate
(within-laboratory) anal y ses than the other lab o ra to ries for a given
ma te rial. Ap ply as a 1-tail test at a prob a bil ity value of  2.5%.

To cal cu late the Cochran test sta tis tic: Com pute the
within-laboratory vari ance for each lab o ra tory and di vide the larg est
of these by the sum of all of these vari ances. The re sult ing quo tient is
the Cochran sta tis tic which in di cates the pres ence of a re mov able
out lier if this quo tient ex ceeds the crit i cal value listed in the Cochran
ta ble for P =  2.5% (1-tail) and L (num ber of lab o ra to ries),
Ap pen dix 1.

(2) Grubbs tests for re moval of lab o ra to ries with ex treme
av er ages. Ap ply in the fol low ing or der: sin gle value test (2-tail; P =
2.5%); then if no out lier is found, ap ply pair value test (2 val ues at
the high est end, 2 val ues at the low est end, and 2 val ues, one at each
end, at an over all P =  2.5%).
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To cal cu late the sin gle Grubbs test sta tis tic: Com pute the av er age
for each lab o ra tory and then cal cu late the stan dard de vi a tion (SD) of 
these L av er ages (des ig nate as the orig i nal s). Cal cu late the SD of the 
set of av er ages with the high est av er age re moved (sH); cal cu late the
SD of the set av er ages with the low est av er age re moved (sL). Then
cal cu late the per cent age de crease in SD as fol lows:

100 × [1 – (sL/s)] and 100 × [1 – (sH/s)]

The higher of these 2 per cent age de creases is the sin gle Grubbs
sta tis tic, which sig nals the pres ence of an out lier to be omit ted if it
ex ceeds the crit i cal value listed in the sin gle Grubbs ta bles at the P =
2.5% level, 2-tail, for L lab o ra to ries, Ap pen dix 2.

To cal cu late the Grubbs pair sta tis tic, pro ceed in an anal o gous
fash ion, ex cept cal cu late the stan dard de vi a tions s2L, s2H, and sHL,
fol low ing re moval of the 2 low est, the 2 high est, and the high est and
the low est av er ages, re spec tively, from the orig i nal set of av er ages.
Take the small est of these 3 SD val ues and cal cu late the
cor re spond ing per cent age de crease in SD from the orig i nal s. A
Grubbs out lier pair is pres ent if the se lected value for the per cent age
de crease from the orig i nal s ex ceeds the crit i cal value listed in the
Grubbs pair value ta ble at the P =  2.5% level, for L lab o ra to ries,
Ap pen dix 2.

(3) If the sin gle value Grubbs test sig nals the need for out lier
re moval, re move the sin gle Grubbs out lier and re cy cle back to the
Cochran test as shown in the flow chart, Ap pen dix 3.

If the sin gle value Grubbs test is neg a tive, check for mask ing by
per form ing the pair value Grubbs test. If this sec ond test is pos i tive,
re move the 2 val ues re spon si ble for ac ti vat ing the test and re cy cle
back to the Cochran test as shown in the flow chart, Ap pen dix 3, and 
re peat the se quence of Cochran, sin gle value Grubbs, and pair value
Grubbs. Note, how ever, that out lier re moval should stop be fore
more than 2/9 lab o ra to ries are re moved.

(4) If no out li ers are re moved for a given cy cle (Cochran, sin gle
Grubbs, pair Grubbs), out lier re moval is com plete. Also, stop out lier 
re moval when ever more than 2/9 of the lab o ra to ries are flagged for
re moval. With a higher re moval rate, ei ther the pre ci sion pa ram e ters
must be taken with out re moval of all out li ers or the method must be
con sid ered as sus pect.

Note: The de ci sion as to whether a value(s) should be re moved as

an out lier ul ti mately is not sta tis ti cal in na ture. The de ci sion must be

made by the Study Director on the ba sis of the in di cated prob a bil ity

given by the out lier test and any other in for ma tion that is per ti nent.

(How ever, for con sis tency with other or ga ni za tions ad her ing to the

har mo nized out lier re moval pro ce dure, the es ti mate re sult ing from

rigid ad her ence to the pre scribed pro ce dure should be re ported.)

5.3 Bias (Sys tem atic De vi a tion) of In di vid ual Re sults

Bias is de fined as fol lows:

(Es ti mated) bias =
mean amount found – amount added (or known or as signed value)

Sin gle-value er ror and re cov ery are de fined as fol lows:

Er ror of a sin gle value =
the sin gle value – amount added (true value)

There are 2 meth ods for de fin ing per cent re cov ery: mar ginal and
to tal. The for mu las used to es ti mate these per cent re cov er ies are
pro vided in the fol low ing:

Mar ginal %Rec = 100RM = 100((Cf – Cu)/CA)

To tal %Rec = 100RT = 100(Cf)/(Cu + CA)

where Cf is the amount found for the for ti fied con cen tra tion, Cu is
the amount present orig i nally for the un for ti fied con cen tra tion, and
CA is the amount added for the added concentration. The amount
added is known or fixed and should be a sub stan tial frac tion of, or
more than, the amount pres ent in the un for ti fied ma te rial; all other
quan ti ties are mea sured and are usu ally re ported as means, all of
which have vari a tions or un cer tain ties. The vari a tion as so ci ated
with the mar ginal per cent re cov ery is var(100RM) =
(1002/CA

2)[var(Cf) + var(Cu)] is larger than the vari a tion as so ci ated
with the to tal per cent re cov ery. The vari a tion as so ci ated with to tal
per cent re cov ery is var(100RT) = [1002/(Cu + CA)2][var(Cf) +
(RT

2)var(Cu)]. In each for mula var means vari ance and re fers to the
con cen tra tion vari a tion for the de fined con cen tra tions.

A true or as signed value is known only in cases of spiked or
for ti fied ma te ri als, cer ti fied ref er ence ma te ri als, or by anal y sis by
an other (pre sum ably un bi ased) method. Con cen tra tion in the
un for ti fied ma te rial is ob tained by di rect anal y sis by the method of
ad di tions. In other cases, there is no di rect mea sure of bias, and
con sen sus val ues de rived from the col lab o ra tive study it self of ten
must be used for the ref er ence point.

Notes: (1) Youden equates “true” or “pure” be tween-laboratory
vari abil ity (not in clud ing the within-laboratory vari abil ity) to the
vari abil ity in bias (or vari abil ity in sys tem atic er ror) of the
in di vid ual lab o ra to ries. Tech nically, this def i ni tion re fers to the
av er age squared dif fer ence be tween in di vid ual lab o ra tory bi ases
and the mean bias of the as say.

(2) The pres ence of ran dom er ror lim its the abil ity to es ti mate the
sys tem atic er ror. To de tect the sys tem atic er ror of a sin gle lab o ra tory 
when the mag ni tude of such er ror is com pa ra ble to that lab o ra tory’s
ran dom er ror, at least 15 val ues are needed, un der rea son able
con fi dence limit as sump tions.

5.4 Pre ci sion

The pre ci sion of an a lyt i cal meth ods is usu ally char ac ter ized for
2 cir cum stances of rep li ca tion: within lab o ra tory or re peat abil ity and
among lab o ra to ries or reproducibility. Re peat abil ity is a mea sure of
how well an an a lyst in a given lab o ra tory can check him self us ing the
same an a lyt i cal method to an a lyze the same test sam ple at the same
time. Reproducibility is a mea sure of how well an an a lyst in one
lab o ra tory can check the re sults of an other an a lyst in an other
lab o ra tory us ing the same an a lyt i cal method to an a lyze the same test
sam ple at the same or dif fer ent time. Given that test sam ples meet the
cri te ria for a sin gle ma te rial, the re peat abil ity stan dard de vi a tion (sr)
is:

sr = (Σdi
2/2L)1/2

where di is the dif fer ence be tween the in di vid ual val ues for the pair
in lab o ra tory i and L is the num ber of lab o ra to ries or num ber of pairs.

The reproducibility stan dard de vi a tion (sR) is com puted as:
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sR = (1/2(sd
2 + sr

2))1/2

where sd
2 = Σ(Ti – T)2/(2(L – 1)), Ti is the sum of the in di vid ual

val ues for the pair in lab o ra tory i, T is the mean of the Ti across all
lab o ra to ries or pairs, L is the num ber of lab o ra to ries or pairs, and sr

2

is the square of sr = (Σdi
2/2L)1/2.

When the pairs of test sam ples meet the cri te ria for Youden
matched pairs, i.e., when:

[(xc – yc )/xc ] ≤ 0.05

or

yc ≥ (xc – 0.05xc),

sr, a prac ti cal ap prox i ma tion for re peat abil ity stan dard de vi a tion, is
cal cu lated as:

sr = [Σ(di – d)2/(2(L – 1))]1/2

where di is the dif fer ence be tween the in di vid ual val ues for the pair
in lab o ra tory i, d is the mean of the di across all lab o ra to ries or pairs,
and L is the num ber of lab o ra to ries or pairs. The reproducibility
stan dard de vi a tion, sR, which re flects the square root of the av er age
of the reproducibility vari ances for the in di vid ual ma te ri als (i.e., sR

= [½(sRx
2 + sRy

2)]1/2), previously called X and Y, should be
de ter mined only if the in di vid ual vari ances are not sig nif i cantly
dif fer ent from each other. To com pare sRx

2 and sRy
2 , the fol low ing

for mula may be used.

t = 
(s s )(L 2)

2[(s )(s ) (cov ) ]

Rx
2

Ry
2

Rx
2

Ry
2

xy
2

1
2

1
2

− −
−

where sRx
2 = [1/(L – 1)][Σxi

2 – (Σxi)
2/L], sRy

2 = [1/(L – 1)][Σyi
2 –

(Σyi)
2/L], and covxy = [1/(L – 1)][Σxiyi – (ΣxiΣyi)/L]. If t is greater than 

or equal to the tab u lar t-value for L – 2 de grees of free dom for a

sig nif i cance level of α = 0.05, this may be taken to in di cate that sRx
2

and sRy
2 are not equiv a lent and should not be pooled for a sin gle

es ti mate of sR
2. That is, sRx

2 and sRy
2 should be taken as the

reproducibility vari ance es ti mates for the in di vid ual test ma te ri als X
and Y, re spec tively. This means that there is no rig or ous ba sis for
cal cu lat ing sr

2 be cause the within lab o ra tory vari abil ity can not be
es ti mated di rectly.

Though sr and sR are the most im por tant types of pre ci sion, it is the 
rel a tive stan dard de vi a tions (RSDr % = 100sr/mean and RSDR % =
100sR/mean) that are the most use ful mea sures of pre ci sion in
chem i cal an a lyt i cal work be cause the RSD val ues are usu ally
in de pend ent of con cen tra tion. There fore, the use of the RSD val ues
fa cil i tates com par i son of variabilities at dif fer ent con cen tra tions.
When the RSD in creases rap idly with de creas ing con cen tra tion or
amount, the rise de lin eates the limit of use ful ness of the method
(limit of re li able mea sure ment).

5.5 HorRat

HorRat value is the ra tio of the reproducibility rel a tive stan dard
de vi a tion, ex pressed as a per cent (RSDR, %) to the pre dicted
reproducibility rel a tive stan dard de vi a tion, ex pressed as a per cent
(PRSDR, %), i.e.,

HorRat = 
RSD ,%

PRSD ,%
R

R

where PRSDR, % = 2C–0.1505 and C = the es ti mated mean
con cen tra tion ex pressed as a decimal frac tion (i.e., 100% = 1; 1% =
0.01; 1 ppm = 0.000001). HorRat val ues be tween 0.5 to 1.5 may be
taken to in di cate that the per for mance value for the method
cor re sponds to his tor i cal per for mance. The lim its for per for mance
ac cept abil ity are 0.5–2.

The pre ci sion of a method must be pre sented in the col lab o ra tive
study manu script. The HorRat will be used as a guide to de ter mine
the ac cept abil ity of the pre ci sion of a method.

The HorRat is ap pli ca ble to most chem i cal meth ods. HorRat is not 
ap pli ca ble to phys i cal prop er ties (vis cos ity, RI, den sity, pH,
absorbance, etc.) and em pir i cal meth ods [e.g., fi ber, en zymes,
mois ture, meth ods with in def i nite analytes (e.g., poly mers) and
“qual ity” mea sure ments, e.g., drained weight]. De vi a tions may also
oc cur at both ex tremes of the con cen tra tion scale (near 100% and
.10–8). In ar eas where there is a ques tion if the HorRat is ap pli ca ble,
the Gen eral Ref eree will be the de ter min ing judge.

The fol low ing guide lines should be used to eval u ate the as say
pre ci sion:

• HorRat ≤ 0.5—Method reproducibility may be in
question due to lack of study independence, unreported
averaging, or consultations.

• 0.5 < HorRat ≤ 1.5—Method reproducibility as normally
would be expected.

• HorRat > 1.5—Method reproducibility higher than
normally expected: the Study Director should critically
look into possible reasons for a “high” HorRat (e.g., were 
test samples sufficiently homogeneous, indefinite analyte
or property?), and discuss this in the collaborative study
report.

• HorRat > 2.0—Method reproducibility is problematic. A
high HorRat may result in rejection of a method because
it may indicate unacceptable weaknesses in the method or 
the study. Some organizations may use information about 
the HorRat as a criterion not to accept the method for
official purposes (e.g., this is currently the case in the EU
for aflatoxin methods for food analysis, where only

methods officially allowed are those with HorRats ≤ 2).

5.6 In cor rect, Im proper, or Il lu sory Values (False Pos i tive and
   False Neg a tive Values)

These re sults are not nec es sar ily out li ers (no a pri ori ba sis for
de ci sion), since there is a ba sis for de ter min ing their in cor rect ness (a 
pos i tive value on a blank ma te rial, or a zero (not found) or neg a tive
value on a spiked ma te rial). There is a sta tis ti cal ba sis for the
pres ence of false neg a tive val ues: In a se ries of ma te ri als with
de creas ing analyte con cen tra tion, as the RSD in creases, the per cent
false neg a tives in creases from an ex pected 2% at an RSD = 50% to
17% at an RSD = 100%, merely from nor mal dis tri bu tion sta tis tics
alone.

When false positives and/or false neg a tives ex ceed about 10% of
all val ues, anal y ses be come un in ter pret able from lack of con fi dence
in the pres ence or ab sence of the analyte, un less all pos i tive
lab o ra tory sam ples are re-analyzed by a more re li able
(con fir ma tory) method with a lower limit of de ter mi na tion than the
method un der study. When the pro por tion of ze ros (not nec es sar ily
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false neg a tives) be comes greater than ap prox i mately 30%, the
dis tri bu tion can be come bi modal and even more un in ter pret able (is
the analyte pres ent or ab sent?).

5.7 Fi nal Col lab o ra tive Study Manuscript

The fi nal manu script should con tain a de scrip tion of the ma te ri als
used, their prep a ra tion, any un usual fea tures in their dis tri bu tion,
and a ta ble of all valid data, in clud ing out li ers. When rep li ca tion is
per formed, the in di vid ual val ues, not just av er ages, must be given,
un less the method re quires av er ages (e.g., mi cro bi o log i cal
meth ods). Values not used for spec i fied rea sons, such as
de com po si tion, fail ure to fol low method, or con tam i na tion, should
not be in cluded in the ta ble since they may be in cluded er ro ne ously
in sub se quent re cal cu la tions. AOAC IN TER NA TIONAL re quires
the cal cu la tion and re port ing of mean, per cent re cov ery (% Rec),
HorRat, re peat abil ity (within-laboratory, sr) and reproducibility
(interlaboratory, sR) stan dard de vi a tions, and re peat abil ity and
reproducibility rel a tive stan dard de vi a tions (RSDr and RSDR,
re spec tively). The ac cu racy (bias, true ness) of a method mea sur ing a 
spe cific, iden ti fi able analyte should be pre sented in the
col lab o ra tive study manu script as a re cov ery of added (spiked)
analyte, as the re sults of anal y sis of a ref er ence ma te rial, or by
com par i son with re sults by a ref er ence method. Methods that are
un able to re port ac cu racy be cause of the un avail abil ity of an
ac cepted “true” value, or be cause of the na ture of the method
(em pir i cal, mi cro bi o log i cal, qual ity fac tors) should men tion the
rea son in the manu script. Proof read ta bles very care fully since many 
er rors are of ty po graph i cal or i gin. Give the names of the par tic i pants 
and their or ga ni za tions, in clud ing com plete con tact in for ma tion

(name, pre lim i nary ad dress, tele phone and fax num bers, and e-mail
ad dress).

The fi nal manu script should be pub lished in a gen er ally
ac ces si ble pub li ca tion, or avail abil ity of the re port from the
or ga ni za tion spon sor ing the method should be in di cated in the
pub lished method. With out pub lic doc u men ta tion, the sig nif i cance
of the study is very lim ited.

The manu script should be sent to all par tic i pants, pref er a bly at the
pre lim i nary stage, so that cler i cal and ty po graph i cal er rors may be
cor rected be fore pub li ca tion. If changes in val ues from the orig i nal
sub mis sion are of fered, they must be ac com pa nied by an ex pla na tion.

Ex am ple of Ta ble of Interlaboratory Study Re sults: See Ta ble 1.
The sum mary ta ble as it will ap pear in the Of fi cial Methods of

Anal y sis of AOAC IN TER NA TIONAL is given in Ta ble 2.
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Ap pen dix 2. Crit i cal val ues for the Grubbs ex treme
de vi a tion out lier tests at the 2.5% (2-tail), 1.25% (1-tail)
re jec tion level, ex pressed as the per cent re duc tion in the
stan dard de vi a tions caused by re moval of the sus pect
value(s) (see text for cal cu lat ing the Grubbs sta tis tics)

L = num ber of lab o ra to ries at a given level (con cen tra tion)

L
One high est or

low est
Two high est or

two low est
One high est

and one low est

 4 86.1 98.9 99.1

 5 73.5 90.3 92.7

 6 64.0 81.3 84.0

 7 57.0 73.1 76.2

 8 51.4 66.5 69.6

 9 46.8 61.0 64.1

10 42.8 56.4 59.5

11 39.3 52.5 55.5

12 36.1 48.5 51.6

13 33.8 46.1 49.1

14 31.7 43.5 46.5

15 29.9 41.2 44.1

16 28.3 39.2 42.0

17 26.9 37.4 40.1

18 25.7 35.9 38.4

19 24.6 34.5 36.9

20 23.6 33.2 35.4

21 22.7 31.9 34.0

22 21.9 30.7 32.8

23 21.2 29.7 31.8

24 20.5 28.8 30.8

25 19.8 28.0 29.8

26 19.1 27.1 28.9

27 18.4 26.2 28.1

28 17.8 25.4 27.3

29 17.4 24.7 26.6

30 17.1 24.1 26.0

40 13.3 19.1 20.5

50 11.1 16.2 17.3
Source: Both ta bles were cal cu lated by R. Al bert (Oc to ber 1993) by com puter
sim u la tion in volv ing sev eral runs of ap prox i mately 7000 cy cles each for each
value, and then smoothed. Al though the ta ble of Ap pen dix 1 is strictly
ap pli ca ble only to a bal anced de sign (same num ber of rep li cates from all
lab o ra to ries), it can be ap plied to an un bal anced de sign with out too much er ror,
if there are only a few de vi a tions.

Ap pen dix 1. Crit i cal val ues for the Cochran max i mum
vari ance ra tio at the 2.5% (1-tail) re jec tion level, ex pressed as
the per cent age the high est vari ance is of the to tal vari ance

L = num ber of lab o ra to ries at a given level (con cen tra tion)
r = num ber of rep li cates per lab o ra tory

L r = 2 r = 3 r = 4 r = 5 r = 6

 4 94.3 81.0 72.5 65.4 62.5

 5 88.6 72.6 64.6 58.1 53.9

 6 83.2 65.8 58.3 52.2 47.3

 7 78.2 60.2 52.2 47.3 42.3

 8 73.6 55.6 47.4 43.0 38.5

 9 69.3 51.8 43.3 39.3 35.3

10 65.5 48.6 39.9 36.2 32.6

11 62.2 45.8 37.2 33.6 30.3

12 59.2 43.1 35.0 31.3 28.3

13 56.4 40.5 33.2 29.2 26.5

14 53.8 38.3 31.5 27.3 25.0

15 51.5 36.4 29.9 25.7 23.7

16 49.5 34.7 28.4 24.4 22.0

17 47.8 33.2 27.1 23.3 21.2

18 46.0 31.8 25.9 22.4 20.4

19 44.3 30.5 24.8 21.5 19.5

20 42.8 29.3 23.8 20.7 18.7

21 41.5 28.2 22.9 19.9 18.0

22 40.3 27.2 22.0 19.2 17.3

23 39.1 26.3 21.2 18.5 16.6

24 37.9 25.5 20.5 17.8 16.0

25 36.7 24.8 19.9 17.2 15.5
26 35.5 24.1 19.3 16.6 15.0
27 34.5 23.4 18.7 16.1 14.5
28 33.7 22.7 18.1 15.7 14.1
29 33.1 22.1 17.5 15.3 13.7

30 32.5 21.6 16.9 14.9 13.3
35 29.3 19.5 15.3 12.9 11.6
40 26.0 17.0 13.5 11.6 10.2
50 21.6 14.3 11.4  9.7  8.6

Cochran sta tis tic = (larg est in di vid ual within-laboratory vari ance)/(sum of all the
within-laboratory vari ances).
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Ta ble 1. [x] Col lab o ra tive tests car ried out at the
in ter na tional level in [year(s)] by [or ga ni za tion(s)] in which [y
and z] lab o ra to ries par tic i pated, each per form ing [k] rep li cates, 
gave the fol low ing sta tis ti cal re sults [re sults ex pressed in
(units)]:

Ma te rial [description and listed across the top in in creas ing or der
 of mag ni tude of means]
Num ber of lab o ra to ries re tained af ter elim i nat ing out li ers
Num ber of out ly ing lab o ra to ries re moved

Mean (x)
True or ac cepted value, if known

Re peat abil ity stan dard de vi a tion (sr)
Re peat abil ity rel a tive stan dard de vi a tion (RSDr)
Re peat abil ity value, r (2.8 × sr)
To tal within lab o ra tory stan dard de vi a tion (se)—op tional if sr is not
 valid.

Reproducibility stan dard de vi a tion (sR)
Reproducibility rel a tive stan dard de vi a tion (RSDR)
HorRat
Reproducibility value, R (2.8 × sR)
Per cent re cov ery (% Rec), if applicable

The re peat abil ity and reproducibility val ues may also be ex pressed
 as a rel a tive value (as a per cent age of the de ter mined mean
 value), when the re sults so sug gest.
If the re cov ery and pre ci sion val ues are more or less con stant for
 all ma te ri als or for group of ma te ri als, an over all av er age value
 may be pre sented. Al though such av er ag ing may not have
 sta tis ti cal va lid ity, it does have prac ti cal value.

Ap pen dix 3. Flowchart.

Table 2. Model ta ble for pre sen ta tion of chem is try re sults from AOAC Of fi cial Methods

Table 200X.XX Interlaboratory re sults for [analyte] by [tech nique]

Ma te rial

No. of labs
a(b)

Mean (units) Re cov ery, % Repeatabiltiy RSDr, %

Reproducibility

Ma trix Level (units) RSDR, % HorRat

a(b)
 a = Num ber of lab o ra to ries re main ing af ter re moval of the num ber of out li ers in di cated by (b).


