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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governn
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Internationa
Internationa
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adopted by

Internationa

Attention is
rights. ISO s

TTyo—toce

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

SO oOTTtoy

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting./)Publication a
Standard requires approval by at least 75 % of the member bodies casting a'‘vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

ISO 7971 (all parts) was prepared by the European Committee for “Standardization (CEN) Tech
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cooperation
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CEN/TC 338, Cereal and cereal products, in collaborationswith Technical Committee 1ISO/T
cts, Subcommittee SC 4, Cereals and pulses, in accordahce with the Agreement on tech
between ISO and CEN (Vienna Agreement).

s the second to bear the number ISO 7971-2, but the technical content is new. ISO 7971-3:
replaces the first edition (ISO 7971-2:1995).
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erence to the international standard instrument

Scope

part of ISO 7971 specifies a test method for ensuring the traceability~of mass per hectolitr|
iments through reference to standard measurement instruments, The mass per hectolitre or
commercial importance for grain cereals. Several types of instriments with varying perforn
easuring it.

part of ISO 7971 also specifies the performances required of national standards instrument
lards instruments, and measuring instruments used injlaboratories or in collection or storage

Normative references

ences, only the edition cited applies! For undated references, the latest edition of the
ment (including any amendments).applies.

712, Cereals and cereal products — Determination of moisture content — Reference method

/971-1, Cereals — Determination of bulk density, called “mass per hectolitre”— Part 1
od

Terms and‘definitions

For the purpdses of this document, the following terms and definitions apply.

31

following referenced documents aresindispensable for the application of this document.

e measuring
bulk density
hances exist

5, secondary
Silos.

For dated
referenced

: Reference

bulk

density

“mass per hectolitre”
(cereals) ratio of the mass of a cereal to the volume it occupies after being poured into a container under well-

defin

ed conditions

NOTE Bulk density is expressed in kilograms per hectolitre of grains as received.

[ISO

3.2

7971-1:2009]

traceability
(cereals) establishment of a relationship between the usual measuring instrument and the international
standard instrument via a chain
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3.3

analysis certificate
document supplied by the international standard instrument holder body or national standard instrument
holder body containing the individual values of measurements, the mass per hectolitre average value and its
uncertainty for the test sample being analysed

3.4

conformity certificate
document, issued by the body in charge of verifying the performances of the instrument, specifying the
conformity decision for the requested use

3.5

control cha
chart on wh
process with
[ISO 3534-2

NOTE T
on the abscis

4 Requi

41

A standard 1
international

rt
ch some statistical measure of a series of samples is plotted in a particular order {6 stee]
respect to that measure and to control and reduce variation

2006l11, 2.3.1]

he analysis values are plotted on the ordinate against the date (day or hour) of carrying out the measurg
ba.

rements

Certified international or national standard instrument

heasurement instrument for mass per hectolitre has@™20 | hopper and is certified by a natior
authority. An informative list of such instruments is given in Annex B.

4.2 Nationhal standard instrument

Each countr]
standard ins|

This nationz

trument within the respective country.

serial numbegr). Any other instrument of . the same model as that adopted as the national standard instru

shall not be

Each count
maintenancs
reference to
in 7.1, every

Each counti
standard ins

referred to as a “national standard instrument”.

ry defines the public or private organization responsible for the safe keeping, use,

of this national standard instrument. This same organization ensures its traceability thr
a certified int€rnational or national standard instrument (4.1), according to the provisions spe
10 years.

y shall,.ensure that no natural or legal person is refused access to the results of this naf
frument so that any manufacturer, holder, repairer, controller or user can ensure the traceabi

r the

ment

al or

y defines, on the basis of the specifications given in 6.2, the instrument designated as a natjonal

| standard instrument should-be an instrument designated by its name (model, manufaclurer,

ment

and
bugh
cified

ional
ity of

his own instjuments through reference to the national standard instrument.

4.3 Secondary or internal standard instrument

For the purposes of inspection of instruments in operation, a body may possess an appliance specific to this
activity. This instrument shall have the required qualities, established using the national standard instrument. It
shall then constitute the reference which ensures the traceability of the instruments in operation.

Verify and adjust these secondary standard instruments every 2 years in accordance with 7.2.

4.4 Routi

ne measuring instrument

This term designates any mass per hectolitre measuring instrument used in commercial transactions.
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The traceability of instruments in operation and of new instruments (prior to commissioning) shall be ensured
through reference to a secondary standard instrument (4.3) according to the provisions specified in 7.3.

The frequency of this traceability operation is 1 year.

5 Principle

This part of ISO 7971 specifies a procedure for ensuring the traceability of mass per hectolitre measuring
instruments through reference to standard instruments.

The fraceability principle is illustrated by Figure 1.

Certified international
or national standard
instrument(s)
201

traceability according to 7.1

Y

National standard
instrument(s)
11to 201

traceability according to 7.2

Y

Secondary standard
traceability according-10.7.3 instrument(s)
>0,751

traceability according to 7.3

Routine measuring
instrument(s)
of every volume

Y

Ei { — Principle of t bility of inst s tl h ref to standard instriments

6 Apparatus

6.1 International standard instrument for mass per hectolitre as specified in ISO 7971-1.

6.2 National standard instrument for mass per hectolitre. Manual or automatic, mechanical, electric or
electronic mass per hectolitre measuring instrument, of which the capacity of the measuring container is at

least 1 I, accepting a bias correction or a bias and slope correction.

This instrument is used according to the requirements given in 4.2 and traceability is ensured through
reference to the international standard instrument according to the procedure specified in 7.1.

© 1SO 2009 — All rights reserved 3
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The correction made to the instrument ensures a slope and an intercept which are not significantly different
from 1 and 0 at the 5 % threshold [see Equations (A.8), (A.9), and (A.10), A.7.3 and A.8.2].

If the national standard instrument is a 20 | apparatus, for any correction refer to ISO 7971-1.
6.3 Secondary standard instrument for the mass per hectolitre. Manual or automatic, mechanical,
electric or electronic mass per hectolitre measuring instrument, of which the capacity of the measuring

container is at least 750 ml, accepting a bias and/or slope correction.

This instrument is used according to the requirements given in 4.3 and traceability is ensured through

reference to

the national standard instrument according to the procedure specified in 7.2.

The correctibn made to the instrument ensures a slope and an intercept which are not significantly-different
from 1 and ( at the 5 % threshold [see Equations (A.8), (A.9), and (A.10), A.7.3 and A.8.2].

6.4 Mass|per hectolitre measuring instrument. Manual or automatic, mechanical, electric'or electronic,
adjustable of fixed mass per hectolitre measuring instrument, associated if necessary with an equivalenge or
correction taple and used according to the requirements given in 4.4.

The verificalion of these instruments specified in 7.3 concerns both new instrumgnts and instruments in
operation.

The amplitugle between the highest and the lowest value, Ap;, measured onjeach control sample (see 7|3.4),
shall not exdeed 0,3 kg/hl.

For each coptrol sample, the difference between the value given by the national standard instrument gr the
secondary standard instrument and the mean of the measurements carried out on the instrument, Ag 5 p,
(see 7.3.4),|shall not exceed 0,3 kg/hl for mass per hectolitre* under 70 kg/hl and 0,4 kg/hl for masg per
hectolitre greater than or equal to 70 kg/hl.

6.5 Dividéer. Manual or mechanical cone-shaped divider that can representatively reduce a 25 | volume of
grains to a vplume suited to the instruments to undergotraceability.

7 Proceflure

7.1 Tracgability of national standard instruments through reference to the certified
international or national standard instrument

7.1.1 Genéral description

The traceabllity of national standard instruments is conducted using a series of test samples referenced with
their mass per hectolitré and accompanied by their analysis certificate (3.3). The use of wheat and barley test
samples is recommended because of the regular shape of the grain and the good availability of these spgcies
of grains. ance
requirements-a

71.2 Prep

aration of the test samples

Select three test samples of common wheat and/or durum wheat and three test samples of barley having the
following characteristics:

a) for wheat (common or durum), one test sample with a mass per hectolitre in each of the following ranges:
72 kg/hl to 76 kg/hl, 75 kg/hl to 79 kg/hl, and 78 kg/hl to 82 kg/hl;

b) for barley, one test sample with a mass per hectolitre in each of the following ranges: 60 kg/hl to 64 kg/hl,
65 kg/hl to 69 kg/hl, and 70 kg/hl to 74 kg/hl;

4 © 1SO 2009 - All rights reserved
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a minimum difference between two successive test samples of at least 2 kg/hl;
an approximate mass of 30 kg, packed in correctly identified, rigid, airtight containers;

a moisture content (mass fraction) between 9 % and 14 % (as determined by ISO 712);

size over 10 mm and guaranteeing a residual impurity content below 2 % mass fraction.

freedom from abnormal odours and from live insects, not containing any heterogeneous impurities of a

Dispatch the six test samples prepared in this manner to an owner of a certified standard measurement
instrument (see list in Annex B) for determination of their mass per hectolitre and of the uncertainty associated

with

Whe
whic
thes

EXAN

A se
71 kd

A se
66 kg

A se
70 kg

7.1.3

If the
tow
carri

his quantity.

h these test samples come back, if they have to be stored prior to use, place them in-ambie
h do not affect their properties: temperature below 22 °C and relative humidity belew 60 %.
b test samples at negative temperatures.

NPLES

of test samples with masses per hectolitre of 73 kg/hl, 76 kg/hl, and 80 kg/hl_fer-wheat and 60 kg/hl,
/hl for barley is suitable.

of test samples with masses per hectolitre of 73 kg/hl, 74 kg/hl, and-80 kg/hl for wheat and 60 kg/hl,
/hl for barley is not suitable because there is less than 2 kg/hl between two of the three test samples of

of test samples with masses per hectolitre of 70 kg/hl, 73 kg/hly*and 76 kg/hl for wheat and 66 kg/hl,
/hl for barley is not suitable because the total range is not coyered.

Use of the referenced test samples

mass per hectolitre referenced test samples have been stored in a refrigerating chamber, it
bit until their temperature has reached equilibrium with that of the premises where the tes
bd out before opening the containers.

If the¢ volume of the referenced test samples is such that they cannot be fully used in the natio

instri

sam

Whe
Afte

iment, constitute test portionslof appropriate mass, which are representative of the initial
a divider.

le, are thus ebiained.

equipment using a cutting edge is employed, the test sample shall not be analysed more th
that the.test sample has to be replaced.

ht conditions
Do not store

66 kg/hl, and

65 kg/hl, and

pach type.

68 kg/hl, and

S necessary
ts are being

hal standard
test sample,

bm using the
f them three

an 50 times.

From the unit results obtained on the control test samples, calculate the performance parameters according to
the relevant equations in Annex A.

Check that the specifications defined for the national standard instrument in 6.2 are fulfilled. If so, draw up the
national standard instrument conformity certificate.

If not, adjust the national standard instrument according to 7.1.5. In the event of it being impossible to obtain
the specifications requested in 6.2, the national standard instrument shall be repaired or declassified then
replaced by another instrument in order to re-obtain the required performances.
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The national standard instrument holder shall keep all of the data (raw and calculated) relative to this
traceability operation throughout the instrument's lifetime.

7.1.5 Adjustment of the national standard instrument

If the slope a and the intercept b calculated in 7.1.4 are outside the limits specified in 6.2, introduce into the
instrument, according to the manufacturer's recommendations, the necessary correction factors required to
theoretically bring the slope to 1 and the intercept to 0.

Then resume the operations specified in 7.1.3 and 7.1.4 in order to verify the validity of this correction.

7.2 Trace
standard i

7.21

The traceab
mass per he
samples is fecommended because of the regular shape of the grain and the availability of these speci
grains. Other seeds with regular shape of grain, e.g. triticale or rye, can be used:if performance requirenjents

are fulfilled.

7.2.2 Prepparation of the test samples

Select three
following characteristics:

a)

b)

c)

d)

e)

f)

Dispatch the
of their masg

for wheat (common or durum), one test sample with a mass per hectolitre in each of the following rar

72 kg/h

for barlg
65 kg/h

a minim|

sufficier]
identifie)

a moistdire content (massiraction) between 9 % and 14 % (as determined by ISO 712);

freedom
size ovd

Gengral description

ability of the secondary standard instruments through reference to the nationa
nstrument

ctolitre obtained with the national standard instrument (6.2). The use of\wheat and barley

The use of grains with inhomogeneous shape, e.g. oats, is not advisable.

test samples of common wheat and/or durum wheat andthree test samples of barley havin

to 76 kg/hl, 75 kg/hl to 79 kg/hl, and 78 kg/hlio 82 kg/hl;

y, one test sample with a mass per hectolitre in each of the following ranges: 60 kg/hl to 64 |
to 69 kg/hl, and 70 kg/hl to 74 kg/hl;

um difference between two successive test samples of at least 2 kg/hl;

d, rigid, airtight containers;

from abnormal odours and from live insects, not containing any heterogeneous impurities
r 10 mm<nd guaranteeing a residual impurity content below 2 % mass fraction.

six<thus prepared test samples to the national standard instrument holder body for determin

lity of the secondary standards is conducted using a series of test samples teferenced with the

test
bs of

j the

ges:

g/hl,

t quantity for measurementon the national standard instrument (1,5 | to 25 1), packed in corfectly

of a

ation

b per hectolitre and of the uncertainty associated with this quantity.

When these test samples come back, if they have to be stored prior to use, place them in ambient conditions
which do not affect their properties: temperature below 22 °C and relative humidity below 60 %. Do not store
these test samples at negative temperatures.

NOTE

See 7.1.2 for examples of suitable sets of test samples.

7.2.3 Use of the referenced test samples

If the mass per hectolitre referenced test samples have been stored in a refrigerating chamber, it is necessary
to wait until their temperature has reached equilibrium with that of the premises where the tests are being
carried out before opening the containers.

© 1SO 2009 - All rights reserved
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If the volume of the referenced test samples is such that they cannot be fully used in the secondary standard
instrument, constitute test portions of appropriate mass, which are representative of the initial test sample,
using a divider.

Select three of these test portions and conduct a mass per hectolitre measurement on each of them using the
secondary standard instrument or, if the test samples can be entirely used, measure each of them three times.
Three individual values marked p;4 to p;3, Where i represents the serial number of the referenced sample, are
thus obtained.

When equipment using a cutting edge is employed, the test sample shall not be analysed more than 50 times.
After that the test sample shall be replaced.

7.2.4 Interpretation of the results

Fronp the unit results obtained on the control test samples, calculate the performance paramieters [according to
the relevant equations in Annex A.

Chegk that the specifications defined for the secondary standard instrument (673) -are fulfilled. If|so, draw up
the gecondary standard conformity certificate.

If not, adjust the secondary standard instrument according to 7.2.5. In‘the event of it being impossible to
obtal|n the specifications requested in 6.3, the secondary standard,shall be repaired or declassified then
repldced by another instrument in order to re-obtain the required performances.

The |secondary standard instrument holder shall keep all of\the data (raw and calculated) relative to this
tracqability operation throughout the instrument's lifetime.

7.2.§ Adjustment of the secondary standard instrument

If the slope a and the intercept 4 calculated in 7:2.4 are outside the limits specified in 6.3, introdquce into the
instriment, according to the manufacturer's reeommendations, the necessary correction factorg required to
theofetically bring the slope to 1 and the intercept to 0.

Then resume the operations specified in-7.2.3 and 7.2.4 in order to verify the validity of this correction.
7.3 | Verification of instruments in operation

7.3.1 General description

The fraceability of instruments in operation is carried out using a series of four control test sampgles of which
the mass per hectglitre has been previously measured using a secondary standard (6.3) or, failirjg this, using
a national standard instrument (6.2). The use of wheat and barley test samples is recommended because of
the regular shape of the grain and the availability of these species of grains. Other seeds with reglilar shape of
grair], e.g.\‘triticale or rye, can be used if performance requirements are fulfilled. The use of grains with
inhoTnogeneous shape, e.g. oats, is not advisable.

7.3.2 Preparation of the control test samples

Select two test samples of common wheat and/or durum wheat and two test samples of barley having the
following characteristics:

a) for wheat (common and durum), one test sample with a mass per hectolitre in each of the following
ranges: 72 kg/hl to 78 kg/hl and 77 kg/hl to 83 kg/hl;

b) for barley, one test sample with a respective mass per hectolitre in each of the following ranges: 61 kg/hl
to 67 kg/hl and 67 kg/hl to 73 kg/hl;

c) a minimum difference between two successive test samples of at least 5 kg/hl;

© 1SO 2009 — All rights reserved 7
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d)

airtight containers;

f)

a moisture content (mass fraction) between 9 % and 14 % (as determined by ISO 712);

size over 10 mm and guaranteeing a residual impurity content below 2 % mass fraction.

sufficient quantity for measurement on the secondary standard, packed in correctly identified, rigid,

freedom from abnormal odours and from live insects, not containing any heterogeneous impurities of a

Measure or have measured the mass per hectolitre of these four test samples on a secondary standard
instrument traced according to the provisions specified in 7.2. The period of validity of the analysis certificate

specifying th

ese values shall not exceed 1 year.

Store these
22 °C and rg

Each test s4g
re-reference
equipment U
that the test

7.3.3 Use

If the refere
reached eq
containers.

If the volum
controlled, d
representati
one of thesg

For each te
provided for
equation or
values desig

7.3.4 Inten

For each conptrol test sample, calcllate the quantities listed.

!

test samples under ambient conditions which do not affect their properties: temperature-h
lative humidity below 60 %. Do not store these test samples at negative temperatures.

d using the secondary standard instrument (or the national standard .instrument). V
sing a cutting edge is employed, the test sample shall not be analysed morethan 50 times.
sample shall be replaced.

pf the referenced test samples

ced test samples are stored in cold conditions, it is necessary to wait until their temperaturg
ilibrium with that of the premises where the tests are being carried out before opening

e of the referenced test samples is such that they.cannot be fully used in the instrument {
ivide each test sample with the appropriate means in order to obtain test portions which
e of each overall test sample having a size .suited to the instrument to be controlled and s
test portions. Otherwise, use each test sample'in its entirety.

by the instrument's method of use;”calculate the final result of the measurement usin
an equivalence table. One thus has) for each of the four referenced test samples, two indiv
nated p;4 to p,,, where i represents the serial number of each control test sample.

pretation of the results

elow

mple may be used a maximum of 50 times. After this number of uses, each test sample shall be

Vhen
After

has
the

o be
are
elect

5t sample or test portion, carry out two. measurements using the instrument to be checked. If

g an
idual

The amplitugle (magnitude)ofthe difference) between the highest and the lowest measurement, Ap,, is given
by

Ap; = |/ i _Pi2|
The mean otHthe-two-meastrements;—p—is-givenby

_ Pt

p; = i1 i2

2

The difference between the referenced value obtained on the secondary (or national) standard instrument,
P;m» @and the measuring instrument, p;, to undergo traceability, Ap; ,_p,, is given by

Api,me

:‘Pi,m _,51"

If the specifications given in 6.4 are obtained, produce the conformity certificate (9.2) and mark the instrument

as specified

in Clause 10. Otherwise, adjust by following 7.3.5.
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7.3.5 Adjustment of the instrument

If the instrument is an adjustable model, adjust its bias according to the manufacturer's recommendations.
Resume the operations specified in 7.3.3 and 7.3.4 in order to verify the validity of this adjustment.

If specifications given in 6.4 are not obtained and the instrument cannot be adjusted, this one is unfit for this
purpose and shall not be used.

8 Monitoring of instrument performance

Top
and
cont

cont
eithg
stan
sam

Each
anal

rotect oneself against a possible drift between two traceability operations of national standard instruments
becondary standard instruments, a self-control system should be set up by using a contrdl chart (3.5). The

ol chart measures whether the performances remain within the defined limits at a given ‘point

ol and surveillance limits are plotted on the graph. These fixed limits are usually estimated at 3s) g,

Con:[
whefe s, g is an intralaboratory reproducibility standard deviation, corresponding to.a risk, o, of 0,2 %, for the

ol limits and 2s g, corresponding to a risk, a, of 5 %, for the surveillance limits. They ar¢ located on

r side of a central line corresponding to the so-called reference value. The intralaboratory r
fard deviation is calculated on 30 measurements (six measurements per’day for 5 days) on t
le.

time those standard instruments are used, a test sample<{referenced with its mass per
sed. The value obtained is plotted on the control chart anddecision rules are applied in org

whether the system is to be corrected.

The

9

9.1

The

following are generally selected:
BNy value between the surveillance limits and.thie control limits indicates correct performance

any distribution which makes one suspeet.a non-random distribution indicates that close sy
he instrument is required and correction-necessary if a systematic bias persists;

hree consecutive points all located”/above or below the surveillance limit indicates close sy
he instrument is required in orderto launch, if necessary, a new traceability operation;

bne point outside the control limit indicates the need for the immediate performance of a ne
bperation in order to carry out the adequate setting.

Test reports

Analysis certificate

test report establishing the mass per hectolitre of a referenced test sample shall include

producibility
ne same test

hectolitre is
er to decide

rveillance of

rveillance of

v traceability

at least the

niar infarm ation-

folloy

VIt oot o

a) all information required for the complete identification of the test sample;

b) the method used together with reference to this part of ISO 7971;

c) the final result obtained;

d) the uncertainty associated with this result;

e) all operating details not specified in this part of ISO 7971, or regarded as optional, together with details of
any incidents which may have influenced the test result(s).
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9.2 Conformity certificate

The certificate establishing the traceability of a standard or the conformity of an instrument in operation shall
include at least the following information:

a) all information required for the complete identification of the instrument (manufacturer, model, serial
number, etc.);

b) the date of the tests and the identification of the operator who carried them out;

c) the method and details used together with reference to this part of ISO 7971;

d) the meelm result of the measurements of each test sample, the corresponding reference valug ang the
associated uncertainty;

e) all operating details not specified in this part of ISO 7971, or regarded as optional, together with details of
any incigents which may have influenced the test result(s).

10 Identification of traced measuring instruments

Measuring ipstruments used on a routine basis (6.4) for commercial trafisactions shall, once they have
successfullylundergone the traceability operations specified in 7.3, receivetan identification mark specifyir|g:

a) INSTRUMENT TRACED THROUGH REFERENCE TO A CERFTIFIED STANDARD MEASUREMENT
INSTRUMENT FOR MASS PER HECTOLITRE;

b) areferephce to this part of ISO 7971;
c) the datg of the next traceability operation;

d) the nane of the body (public or private) which.carried out the traceability operation.
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Annex A
(normative)

Method for calculation of performance parameters

of standard instruments and of measurement instruments

AA1

The
statig
stan

This
refer
diffe
com

The
tracq
case

A.2

To 1
reco
data

For
instri

whelle n isthé number of measurements for each test sample (normally, n = 3).

Principle

traceability of a measurement instrument to a standard instrument of superior level is
tical validation of results obtained on this instrument with reference to the results obtg
lard instrument.

work consists of validation of an alternate method (the standard instrument to be trace

ence method (the standard instrument of superior level). This annex gives the statistical tool
ent criteria necessary to validate an alternative method. It specifies‘@)check of freedom f

evaluation of capacity of instruments to be traced is dome by the same procedure in
ability of a national standard instrument through a certified standard measurement instrum
of traceability of a secondary standard through the national instrument.

Control of the freedom from bias by:.comparison of means
nake such calculations easier, the use<of a spreadsheet with statistical treatment toolg
analysis tool of Microsoft® Excel®M:\Such an example is given in A.8.

each referenced test sample) calculate the mean, p;, of the n measurements carried
iment to undergo traceability ‘according to Equation (A.1)

n
ZPU
— _ j=t

Pi =

n

made by a
ined on the

d) versus a
5 to evaluate
rom bias by

parison of means and a specificity control by testing the slope and thie intercept of the straight regression
line between the two methods.

the case of
ent as in the

is strongly

mmended. For example, it is possible-to-use the r-test on paired two samples of means available in the

out on the

For

pach referenced test sample, calculate the difference, Ap. .. ¢ between p. .. and the refe

ence value,

Pirep then calculate the mean, Ap, of these m differences as well as their standard deviation, Sap

APim —ref = Pim ~ Piref

(A.2)

1) Microsoft® Excel® is an example of appropriate software available commercially. This information is given for the
convenience of users of this part of ISO 7971 and does not constitute an endorsement by ISO of the product named.
Other equivalent products can be used, provided that they give the same results.
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m
Z ApPim —ref
_i=1

Ap == (A3)
m
C 2
Z(Ap — APim —ref)
_ A=t
SAp = L m _1 (A4)
where m is the number of referenced test samples used for the traceability (normally, m = 6).
Calculate the ratio 7., according to Equation (A.5)
o
fobs = ‘-—‘\/Z A.5)
Ap
Compare the 1,,¢ value with a critical value, ¢,,, corresponding to that of a 5 %, risk’ Student variable| with

five degrees

If 2,5 is lowegr than ¢

A.3 Calcy

To make slich calculations easier, the use of a spreadsheet ‘with statistical treatment tools is str

recommend
Microsoft® H

Calculate th
found by the
standard ins

of freedom.

val» the means equality presumption is accepted.

lation of coordinates of the straight regression line and signification tegts

bngly
pd. For example, it is possible to use the regression tool available in the data analysis tdol of

xcel®1). Such an example is given in A.8.

b coordinates of the straight regression lirie-of slope, a, and intercept, 5, between the means,
standard instrument to be traced on-€ach referenced test sample with the values given b
frument of superior level, p; ¢, acgording to Equations (A.6) and (A.7):

Pim>
y the

m m
mz,pi,refpi,m - [Zpi,ref ][Z pi,m}
a= i1 i=1 12=1 A.6)
m 2 m
mzpi,m - Zpi,m
i=1 i
b= Piref —aP;m A.7)
where
m , M =0),
Pim are the means of masses per hectolitre based on the instrument to be traced for the m control test
samples;
Piret are the means of masses per hectolitre provided by the standard instrument of superior level for

12

the same m control test samples.
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A.4 Test for slope

Calculate the ratio 7, according to Equation (A.8):

obs

(1-a) \/Z(pi,m ~Pim)’
i=1

lobs = (A.8)
S(l
where the slope standard deviation, s, is given by
< 2 2% 2
Z(pi,ref — Piref)” —a Z(pi,m ~Pim)
A=t i=1 (A.9)

“ m—2

Comppare the 1y, value with a critical value, ¢
m — 2 degrees of freedom.

val» corresponding to that of a 5%-risk Student yariable with

If 2,k is lower than ¢,

val» the slope is not significantly different from 1.

A.5| Test for intercept
Calcllate the ratio ¢, according to Equation (A.10):

m

Z(pi,m - pi,ref)

i=1

s = m . (A.10)

m
m Z;(pi,m - pi,ref)
2 j=
D (Pim = Piref ) — =

i=1

m

mx{m —1)

Compare the r,, value\with a critical value, ¢

q

m — 2 degrees of freedom.

val» corresponding to that of a 5 % risk Student yariable with

If r,4s is lowerthan ¢ ,, the intercept is not significantly different from 0.

A.6| Interpretation and conclusion

If tests for freedom from bias by comparison of means and/or the tests for slope and intercept are not
satisfactory, the instrument to be traced shall be adjusted by correcting bias and slope according to the values
specified in 7.1.5 or 7.2.5.

It is necessary to resume the measurements and calculations after this adjustment to verify the conformity of
new results.

If the instrument is not adjustable, it cannot claim the status of a standard (national or secondary) and shall be
replaced by a more powerful instrument that meets the required specifications.
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A.7 Example of calculations

A.7.1 General

Each of six test samples is measured three times by the standard instrument then by the instrument to be
traced. Results are given in Tables A.1 and A.2.

Table A.1 — Reference values, standard instrument

Reference Test Test Test Test Test Test Average
values on aamHH——samﬁe-E——semﬁe—s——semﬁ*—semﬁ&s——semﬁes——gmrtst
standard samples
instrument P1,ref P2 ref P3 ref P4 ref P5,ref P6, ref P
kg/hl 65,70 68,23 70,23 74,53 77,23 80,53 72,74
Table A.2 — Instrument values
Test Test Test Test Test Test Average
Instrumentmeasurements sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 of all ttSt
Pjm P2jm P3jm Pajm Psjm Pim | Samples
Measure 1 kp/hl Pit.m 65,9 68,0 70,0 74,4 77,1 80,5
Measure 2 kg/hl Pi2.m 65,8 68,0 70,1 74,4 771 80,6
Measure 3 kg/hl Pi3.m 66,0 68,1 70,0 74,5 771 80,7
Averages kg/hl Pim 65,90 68,03 70,03 74,43 77,10 80,60 72,64
A.7.2 Comparison of means
See Table AL.3.
Table*A.3 — Comparison of means
Comgarison Test Test Test Test Test Test Average
of avérages sample)1 sample2 | sample3 | sample4 | sample5 | sample 6 Y
Difference kd/hl | Ap; o _ ref 0,20 -0,20 -0,20 -0,10 -0,13 0,07 -0,06
Sum
ap)? 0,068 0,020 0,020 0,002 0,005 0,017 0,130
Standard deviation
0,161
SAp
Ratio tobs 0,913
Student
59, Leal 2,571
Conclusion tobs < tal The two means are not significantly different.

The two instruments give similar average results.
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A.7.3 Calculations and tests for slope and intercept

See Table A.4.
Table A.4 — Calculations and tests for slope and intercept
Averages of Test Test Test Test Test Test s
measurements sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 um Average

Standard Piref | 69,70 68,23 70,23 74,53 77,23 80,53 436,45 72,74
Instrument i m 65,90 68,03 70,03 74,43 77,10 80,60 436,09 72,68
(p;ds —ﬁiyref)z 49,59 20,36 6,31 3,20 20,15 60,66 160,25

(Pin —ﬁi,m)z 45,99 21,64 7,03 3,06 19,52 62,70 159,94

pfm 4 342,81 | 4628,08 | 4904,20 | 5539,82 | 5944,41 | 6 496,36 |, 311855,69

Pirel Pim 4 329,63 | 4641,69 | 4918,21 | 5547,27 | 5954,43 | 6 490,72, |\ 31 881,94

Piml Piret 0,20 -0,20 -0,20 -0,10 -0,13 0,07 -0,36

(pi’n 7piyref)2 0,040 0,040 0,040 0,010 0,017 0,005 0,152

Slope a 1,001

Intercept b 0,019

Slopge Conclusion Slope is not significantly different from( 1.
standard S, 0,180

devilation The instrument is not skewed.

Tesf for slope | 7., 0,040

Student 5 % Lal 2,776

Test for , Conclusion Intercept is not significantly different from 0.
intefcept foos | OST1 The instrument is not biased.

Student 5 % al 2,776
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