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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Cereals — Determination of bulk density, called mass per
hectolitre —

Part 2:
Method of traceability for measuring instruments through

This| document specifies a test method for ensuring the traceability of bulk-density, called “mass per
hectplitre”, measuring instruments through reference to standard measurement instruments. The
mas§ per hectolitre is of commercial importance for grain cereals. Sevéral types of instruments with
varyling performances exist for measuring it.

This[document also specifies the performances required of nationalstandards instrumentg, secondary
standards instruments, and measuring instruments used in labOnatories or in collection or sforage silos.

2 Normative references

The [following documents are referred to in the teXt in such a way that some or all of their content
condtitutes requirements of this document. For;dated references, only the edition cited ppplies. For
undgted references, the latest edition of the reférenced document (including any amendments) applies.

ISO Y12, Cereals and cereal products — Determination of moisture content — Reference methad

ISO [7971-1:2009, Cereals — Deternmination of bulk density, called mass per hectolitre| — Part 1:
Refefrence method

3 [lerms and definitions
For the purposes of thisdocument, the following terms and definitions apply.

ISO @and [EC maintain terminological databases for use in standardization at the following addresses:

— [SO Online\browsing platform: available at https://www.iso.org/obp

— |EC Electropedia: available at http://www.electropedia.org/

3.1
mass per hectolitre

bulk density

test weight

<cereals> ratio of the mass of a cereal to the volume it occupies after being poured into a container
under defined manufacturer’s conditions

Note 1 to entry: Mass per hectolitre is expressed in kilograms per hectolitre of grains as received.

[SOURCE: ISO 7971-1:2009, 2.1, modified — In the definition, “defined manufacturer’s conditions” has
replaced “well-defined conditions”, and the Note 2 to entry has been deleted.]
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3.2

traceability
<cereals> establishment of a relationship between the usual measuring instrument and the
international standard instrument via a chain

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
document, i
conformity

3.5
control cha

chart on which some statistical measure of a series of samples is plotted in a particular order to 5

the process

Note 1 to enflry: The analysis values are plotted on the ordinate against the date (day or hour) of carrying oy

measuremer]

[SOURCE: I
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nternational authority. An example list of suppliers of such instruments is given in Ann
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'y defines, on the basis-of the specifications given in 6.2, the instrument designated
ndard instrument Wwithin the respective country.

er, serial number). Any other instrument of the same model as that adopted as the nati
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ecof this national standard instrument. This same organization ensures its traceah
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provisions specified in 7.1, every ten years.

the

Each country shall ensure that no natural or legal person is refused access to the results of this national
standard instrument so that any manufacturer, holder, repairer, controller or user can ensure the
traceability of his own instruments 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.
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Verify and adjust these secondary standard instruments every two years in accordance with 7.2.

4.4 Routine measuring instrument

This term designates any mass per hectolitre measuring instrument used in commercial transactions.

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) or a national standard instrument

(4.2) according to the provisions specified in 7.3.

The frequency of this traceability operation is every one year for hand operated instruments and every

two

5

This
instiy

The

years for automatic devices.

Principle

document specifies a procedure for ensuring the traceability of mass_per hectolitre
uments through reference to standard instruments.

traceability principle is illustrated by Figure 1.

Certified international or
national standard
instrument(s)

201

Traceability according to 7.1

v

National standard
instrument(S)
11to201

Traceability according to 7.2

v

Traceability.according to 7.3

Secondary standard
instrument(s)
20,751

Traceability according to 7.3

v

Routine measuring

instrument(s) of every

volume

measuring

Figure 1 — Principle of traceability of instruments through reference to standard instruments

6 Apparatus

6.1

International standard instrument for mass per hectolitre as specified in [SO 7971-1.

© IS0 2019 - All rights reserved
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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 1, 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.

The correction made to the instrument ensures a slope that is not significantly different from 1
and an intercept of bias (difference between the mean of the reference values and the mean of the
measurements produced by the instrument) that is not significantly different from 0 at the 5 %
threshold [see Formulae (A.8), (A.9) and (A.10), A.7.1.2 and A.8.2].

If the natiorlal standard instrument is a 20 l apparatus, for any correction refer to ISO 7971-1.

6.3 Secondary standard instrument for the mass per hectolitre. Manual or automatic, ntecharical,
electric or dlectronic mass per hectolitre measuring instrument, of which the capacity of the measyring
container igat 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 thrpugh
reference tq the national standard instrument according to the procedure spéeified in 7.2.

The correction made to the instrument ensures a slope that is not significantly different frqm 1
and an intdrcept of bias (difference between the mean of the reference values and the mean of the
measurements produced by the instrument) that is not significantly different from 0 at the |5 %
threshold [§ee Formulae (A.8), (A.9) and (A.10), A.7.1.2 and A.8.2].

6.4 Mass| per hectolitre measuring instrument. Manual” or automatic, mechanical, electric or
electronic, gddjustable or fixed mass per hectolitre measuring instrument, associated if necessary with an
equivalencd or correction table and used according to th€requirements given in 4.4.

The verificqtion of these instruments specified in*Z:3 concerns both new instruments and instruments
in operation.

The amplitIde, Apj, between the highest and/the lowest value, measured on each control sample|(see
7.3.4), shall[not exceed 0,3 kg/hl.

For each coftrol sample, the difference’between the value given by the national standard instrument or
the seconddry standard instrument and the mean of the measurements carried out on the instrunent,
i.e. Apj2-m (see 7.3.4), shall notCexceed 0,4 kg/hl.

6.5 Divider. Manual orjinechanical cone-shaped divider that can representatively reduce a 25 I volume
of grains to p volume suiited to the instruments to undergo traceability.

7 Procedure

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

7.1.1 General description

The traceability of national standard instruments is conducted using a series of test samples referenced
with their mass per hectolitre and accompanied by their analysis certificate. The use of wheat and
barley test samples is recommended because of the regular shape of the grain and the good availability
of these species of grains. Other seeds with regular shape of grain, e.g. triticale or rye, can be used if
performance requirements are fulfilled. The use of grains with inhomogeneous shape, e.g. oats, is not
advisable.

4 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=1af544da3756ad6f647d19aa1e8e2005

ISO 7971-

7.1.2 Preparation of the test samples

2:2019(E)

Select seven test samples of common wheat and/or durum wheat and seven test samples of barley

havi

a)

ng the following characteristics:

the mass per hectolitre of one of the barley test samples shall be less than 64 kg/hl and the mass

per hectolitre of one of the (common and/or durum) wheat test samples shall be greater than or
equal to 82 kg/hl to ensure that a wide range is covered;

b) with a difference in mass per hectolitre between two successive test samples that is as regular as
possible in the range 1 kg/hl to 3 kg/hl;

)
d)

Disp
mea
asso

Whd
cond
sam

EXA

A sef
and
suit

The y
1kg

7.1.3

If the mass per hectolitre referenced test samples have been stored in a refrigerating ch

nece
testy

hn approximate mass of 30 kg, packed in correctly identified, rigid, airtight containers;

h moisture content (mass fraction) between 9 % and 14 % (as determined by IS®’ 71}
Fapid method whose measurement does not differ from the reference value’ by +0,4
100 g of sample);

freedom from abnormal odours and from live insects, not containing any, heterogeneou
bf a size over 10 mm and guaranteeing a residual impurity content.below 2 % mass frg
following: broken grain, other cereals, sprouted grain, foreign, grain and inert mater
Koil, sand, plastic and glass particles, husk, straw).

atch the fourteen test samples prepared in this mannérjto an owner of a certifig
surement instrument for determination of their mass{ per hectolitre and of the
ciated with this quantity. Check that this uncertainty.issho more than 0,30 kg/hl.

itions with temperature capped at 22 °C so as_tonot affect their properties. Do not stof
ples at negative temperatures.

MPLE

of test samples with masses per hectolitre of 71 kg/hl, 73 kg/hl, 75 kg/hl, 78 kg/hl, 81 kg
4 kg/hl for wheat and 63 kg/hl, 65 Kg/hl, 68 kg/hl, 70 kg/hl, 73 kg/hl, 75 kg/hl and 77 kg/hl
ble.

wheat and barley distributions overlap, the differences between two successive test samples arg
hl to 3 kg/hl, and the full(range is covered.

8 Use of the referenced test samples

ssary to wait'until their temperature has reached equilibrium with that of the premise
are beihg/carried out before opening the containers.

If t

i

standard instrument, constitute test portions of appropriate mass, which are represent

velime of the referenced test samples is such that they cannot be fully used in {

P Oor using a
> water per

5 impurities
ction of the
ial (such as

d standard
uncertainty

n these test samples come back, if they have to-b€ stored prior to use, place them i controlled

e these test

hl, 82 kg/hl

for barley is

in the range

amber, it is
s where the

he national
htive 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 national standard instrument or, if the test samples can be used in their entirety, measure
each of them three times. Three individual values marked p;1 to pjawhere 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.

7.1.4 Interpretation of the results

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

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 slopd a and the intercept b or bias calculated in 7.1.4 are outside the limits specified. in| 6.2,
introduce into the instrument, according to the manufacturer’s recommendations, the<nécegsary
correction factors required to theoretically bring the slope to 1 and the intercept to 0.

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

7.2 Traceability of the secondary standard instruments through reference to the
national standard instrument

7.2.1 Ge:[eral description

The traceability of the secondary standards is conducted usingta series of test samples referepced
with the mass per hectolitre obtained with the national standard instrument (6.2). The use of wheat
and barley fest samples is recommended because of the regular shape of the grain and the availability
of these spé¢cies of grains. Other seeds with regular shape”ef grain, e.g. triticale or rye, can be used if
performande requirements are fulfilled. The use of grains'with inhomogeneous shape, e.g. oats, i$ not
advisable.

7.2.2 Prdparation of the test samples

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

a) the mass per hectolitre of one of the barley test samples shall be less than 64 kg/hl and the nass
per hedtolitre of one of the feommon and/or durum) wheat test samples shall be greater thdn or
equal t¢ 82 kg/hl to ensure-that a wide range is covered;

b) with a fifference bet¥ween two successive test samples that is as regular as possible in the range
1 kg/hlto 3 kg/hl;

c) sufficignt quantity for measurement on the national standard instrument (1,5 I to 25 1), pack¢d in
correctlly idéntified, rigid, airtight containers;

d) a moisture content (mass fraction) between 9 % and 14 % (as determined by ISO 712 or using a
rapid method whose measurement does not differ from the reference value by +0,4 g water per
100 g of sample);

e) freedom from abnormal odours and from live insects, not containing any heterogeneous impurities
of a size over 10 mm and guaranteeing a residual impurity content below 2 % mass fraction of the
following: broken grain, other cereals, sprouted grain, foreign grain and inert material (such as
soil, sand, plastic and glass particles, husk, straw).

Dispatch the fourteen thus prepared test samples to the national standard instrument holder body for
determination of their mass per hectolitre and of the uncertainty associated with this quantity. Check
that this uncertainty is no more than 0,30 kg/hl.

6 © IS0 2019 - All rights reserved
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When these test samples come back, if they have to be stored prior to use, place them in controlled
conditions with temperature capped at 22 °C so as to not affect their properties. Do not store these test
samples at negative temperatures.

NOTE See 7.1.2 for an example 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.

If the volume of the referenced test samples is such that they cannot be fully used in\th¢ secondary
standard instrument, constitute test portions of appropriate mass, which are representptive of the
initipl test sample, using a divider.

Selec¢t 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, meagure each of
them three times. Three individual values marked pj; to p;3, where i repre€sents the serial nymber of the
refeyenced sample, are thus obtained.

Whdn 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

From the unit results obtained on the control testsamples, calculate the performance [parameters
according to the relevant formulae in Annex A.

Chegk that the specifications defined for the secondary standard instrument (6.3) are fulfilled. If so,
draw up the secondary standard conformity gertificate.

If ngt, adjust the secondary standard inStrument according to 7.2.5. In the event of it being impossible
to obtain the specifications requestéd)in 6.3, the secondary standard instrument shall be [repaired or
declpssified then replaced by another instrument in order to re-obtain the required perforrhances.

The [secondary standard instrument holder shall keep all of the data (raw and calculated) relative to
this traceability operation.throughout the instrument’s lifetime.

7.2. Adjustment©f'the secondary standard instrument

If thie slope a and-the intercept b or bias calculated in 7.2.4 are outside the limits specjfied in 6.3,
intrgduce into,'the instrument, according to the manufacturer’s recommendations, the necessary
corrpction{actors required to theoretically 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 thiq correction.

7.3 Verification of instruments in operation

7.3.1 General description

The traceability of instruments in operation is carried out using a series of four control test samples
of which the mass per hectolitre has been previously measured using a secondary standard (6.3) or,
failing 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 regular shape of grain, e.g. triticale or rye, can be used if performance requirements
are fulfilled. The use of grains with inhomogeneous shape, e.g. oats, is not advisable.

© IS0 2019 - All rights reserved 7
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7.3.2 Pre

paration 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)

78 kg/hl and one test sample with a mass per hectolitre greater than 78 kg/hl;

b)

a mass per hectolitre in the range 67 kg/hl to 73 kg/hl;

c)

a minimum difference hetween twao successive test Q;\mplpc of at least 4 kg,/hl'

d)

e)
rapid
100go

freedon]
of a siz
followi

f)

soil, sand, plastic and glass particles, husk, straw).

Measure or
instrument

a moisflure content (mass fraction) between 9 % and 14 % (as determined by ISO\712 or usi

ethod whose measurement does not differ from the reference value by, 0,4 g watef
f sample);

h from abnormal odours and from live insects, not containing any.heterogeneous impuf
e over 10 mm and guaranteeing a residual impurity content below 2 % mass fraction o
ng: broken grain, other cereals, sprouted grain, foreign grain and inert material (sug

have measured the mass per hectolitre of these four test samples on a secondary stan
traced according to the provisions specified in 7.2.

Conserve t

affect their properties. Do not store these test samples at-negative temperatures.

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

ese test samples in controlled conditions with\temperature capped at 22 °C so as td

for (common and durum) wheat, one test sample with a mass per hectolitre in the range 72 kg/hl to

for barley, one test sample with a mass per hectolitre of less than 67 kg/hl and one test sample with

sufficignt quantity for measurement on the secondary standard, packed in correctly identilfied,
rigid, ajrtight containers;

ng a
per

ities

ff the

h as

dard

not

mple

shall be re-feferenced using the secondary standard instrument (or the national standard instrumient).

When equi
50 times. A

7.3.3 Use

If the refere
has reached
the contain

If the volun
be controllq
are represe

and select dne of these test portions. Otherwise, use each test sample in its entirety.

ment using a cutting edge is employed, the test sample shall not be analysed more
'ter that the test sample has to be yeplaced.

of the referenced test samples

nced test samples are-stored in cold conditions, it is necessary to wait until their temperg
equilibrium with that of the premises where the tests are being carried out before ope
IS,

e of the reférenced test samples is such that they cannot be fully used in the instrume
d, dividecedach test sample with the appropriate means in order to obtain test portions w
ntative-of“each overall test sample having a size suited to the instrument to be contr

than

ture
ning

nt to
hich
blled

For each test chranla o tact nortion coereys At dbvao oo acniraanntc noingtha dactrioant +0 ha oo
S S SHFy-0H+t

OO PO tooT YV O rrrC oot eI e It ot T St e ot e rre oot

TOTH—C

If provided for by the instrument’s method of use, calculate the final result of the measurement using
a formula or an equivalence table. One thus has, for each of the four referenced test samples, two
individual values designated pj1 to p;2, where i represents the serial number of each control test sample.

7.3.4

Interpretation of the results

For each control test sample, calculate the quantities listed.
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The amplitude (magnitude of the difference), Ap;, between the highest and the lowest measurement, is

given by
Ap; =|pi1 izl
The mean of the two measurements, p;, is given by
—~ _Pi1tPiz
: 2

axrai. o on ation o

The di €€

PEE2PN an—tha cacandosey (An o
arrc O trrC—STCCOTICar y  (OT  Tracrotra

instfument, p; m, and on the measuring instrument, p;, to undergo traceability, Apir-m iSE

\D; 2 -m :‘pi,m _.Bi‘

) standard
ven by

If tHe specifications given in 6.4 are obtained, run a control-check of the \freedom frpm bias by
comparison of means (for bias) as stated in A.2. If equality of means is accepted, produce thelconformity
certificate (9.2) and mark the instrument as specified in Clause 10. Otherwise, adjust by follpwing 7.3.5.
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 7.33 and 7.3.4 in order to verify the validity of
this pdjustment.

If sp
purg

ecifications given in 6.4 are not obtained and thé.nstrument cannot be adjusted, it is y
ose and shall not be used.

8

To protect oneself against a possibledrift between two traceability operations of nation
instfuments and secondary standard’instruments, a self-control system should be set up
contjrol chart. The control chartmeasures whether the performances remain within the de
at a given point.

Monitoring of instrument performance

Confrol and surveillance(limits are plotted on the graph. These fixed limits are usually ¢
3 siifr, where syR is an“intralaboratory reproducibility standard deviation, corresponding
of 0, %, for the control limits and 2 sj.g, corresponding to a risk, , of 5 %, for the surveill
They are located-ow’' either side of a central line corresponding to the so-called referencg
intrglaboratoryreproducibility standard deviation is calculated on 30 measurements (6 me
per dlay for 5:days) on the same test sample.

EacH timetthose standard instruments are used, a test sample referenced with its mass pd

nfit for this

al standard
by using a
fined limits

stimated at
to arisk, a,
ance limits.
value. The
asurements

r hectolitre

is arfalysed. The value obtained is plotted on the control chart and decision rules are applieg

| in order to

decide whether the system is to be corrected.

The following are generally selected:

a) any value between the surveillance limits and the control limits indicates correct performance;

b) any distribution which makes one suspect a non-random distribution indicates that close
surveillance of the instrument is required and correction necessary if a systematic bias persists;

c) three consecutive points all located above or below the surveillance limit indicates close
surveillance of the instrument is required in order to launch, if necessary, a new traceability
operation;

d) one point outside the control limit indicates the need for the immediate performance of a new

traceability operation in order to carry out the adequate setting.
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9 Testreports

9.1 Analysis certificate

The test report establishing the mass per hectolitre of a referenced test sample shall include at least the
following information:

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

the method used together with reference to this document, i.e. [SO 7971-2;

a)

b)

c) the fing

d) theund

e) all opel
of any i

9.2 Conf

The certifi
operation s

[Tesult obtained;
ertainty associated with this result;

ating details not specified in this document, or regarded as optional, togetheriwith de
hcidents which may have influenced the test result(s).

prmity certificate

tails

ate establishing the traceability of a standard or the conformity of an instrument in

hall include at least the following information:

Fmation required for the complete identification of the{instrument (manufacturer, m

serial number, etc.);

e of the tests and the identification of the operator@ho carried them out;
hod and details used together with reference to this document, i.e. ISO 7971-2;

in result of the measurements of each test sample, the corresponding reference value
pciated uncertainty;

ating details not specified in this’"document, or regarded as optional, together with de
ncidents which may have influeneed the test result(s).
fication of traced nmieasuring instruments

nstruments used @i-aroutine basis (6.4) for commercial transactions shall, once they
r undergone the“traceability operations specified in 7.3, receive an identification

nent traced through reference to a certified standard measurement instrument for mas
re;

nee to this document, i.e. ISO 7971-2;

bdel,

and

tails

have
nark

b per

the date of the next traceability operation;

the name of the body (public or private) which carried out the traceability operation.

a) all info
b) thedat
c) the met
d) the me
the ass
e) all opel
of any i
10 Identi
Measuring
successfully
specifying:
a) instrun
hectolif
b) areferg
c)
d)
10
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Method for calculation of performance parameters of standard

A1l
The

stati
the s

This|
areflerence method (the standard instrument of superior level). This anmex gives the statist]

eval

fron

stra

The
trac

asin

A.2

To
rec

For

instiy

whe

For

on

datal

instruments and of measurement instruments

Principle

traceability of a measurement instrument to a standard instrument of superior level i
stical validation of results obtained on this instrument with reference to the results
tandard instrument.

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

1ate different criteria necessary to validate an alternative method. It specifies a check
bias by comparison of means and a specificity control by testing the slope and the inte
ght regression line between the two methods.

evaluation of capacity of instruments to be traced is.done by the same procedure in
bability of a national standard instrument through a certified standard measurement
the case of traceability of a secondary standard thirough the national instrument.

Control of the freedom from bias by comparison of means

ke such calculations easier, the use 6f-a spreadsheet with statistical treatment toolf
mended. For example, it is possible to use the t-test on paired two sample means ava
analysis tool of Microsoft® Excel®Y. Such an example is given in A.8.

pach referenced test samplejcalculate the mean, p;, of the n measurements carried
ument to undergo traceability according to Formula (A.1):

n
ZPU
_j:1

Oi_

n
Fe n is thesnumber of measurements for each test sample.

pachireferenced test sample, calculate the difference, Ap; ¢, between p;m and th

5 made by a
bbtained on

ced) versus
ical tools to
of freedom
rcept of the

the case of
instrument

is strongly
ilable in the

out on the

(A1)

e reference

value p;ref, then calculate the mean, Ap, of these m ditferences as well as their standard deviation, sa.

Api,m—ref =Pim ~ Pi,ref

m
ZApi,m—ref
Ap = i=1

m

(A.2)

(A.3)

1) Microsoft® Excel® is an example of appropriate software available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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m

A 2
Z(Ap_Api,m—ref)
i=1

m-1

where m is the number of referenced test samples used for the traceability.

Calculate the ratio tops according to Formula (A.5):

t

80|
_‘p =

(A4)

obs —

Compare th
with five dd

If tops is low

A.3 Calcy

To make su
recommend
Microsoft®

Calculate tH
pim found
by the stan

m
m))
—_— i_

=1

\REEY

Ap

e tobs value with a critical value, 4], corresponding to that of a 5 % risk studéent-var
grees of freedom.

er than ty,), the means equality presumption is accepted. The instrument;is not biased.

hlation of coordinates of the straight regression line and signification t

ch calculations easier, the use of a spreadsheet with statistical-treatment tools is strg
ed. For example, it is possible to use the regression tool available in the data analysis to
Excel©1). Such an example is given in A.8.

e coordinates of the straight regression line of slop€esa"and intercept, b, between the m
the standard instrument to be traced on each refebenced test sample with the values g
ard instrument of superior level, p; ref, accordingto Formulae (A.6) and (A.7):

a=

b:pi,re

where

Pi,m

m m
s
| Pi,ref Pim — Zpi,ref Zpi,m
i=1 i=1
2
m m
2
mzpi,m - Zpi,m

i=1 i=1

f _api,m

is the number-of referenced test samples used for the traceability (normally m = 14);

are the'theans of masses per hectolitre based on the instrument to be traced for the m
controltest samples;

(A.5)

able

pSts
ngly

ol of

eans
iven

A.6)

A7)

are'the means of masses per hectolitre provided by the standard instrument of superi

Pi ;ref

12

level for the same m control test samples.
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A.4 Test for slope
Calculate the ratio tops according to Formula (A.8):

|(1_a)| \/Z(pi,m _lsi,m )2
Eobs = =1 - (A.8)

where the slope standard deviation, sg, is given by Formula (A.9):

m m
- 2 2 - 2
Z(pi,ref_pi,ref) —a Z(pi,m_pi,m)

= i=1 i=1 (A9)
m-2

Comjpare the typs value with a critical value &,,] corresponding to that of a(5y% risk stud¢nt variable
with m - two degrees of freedom.

If toys is lower than tyg), the slope is not significantly different from 1.

A.5| Test for intercept
Calcplate the ratio t'ops according to Formula (A.10):

m
Z(pi,m _pi,ref)

i=1
obs = i - (A.10)
m

m g(pi,m_pi,ref)

2 Li=
z(pi,m_pi,ref) -
. m
i=1

mxm-1)

Comjpare the t'ohs value with a critical value ty4) corresponding to that of a 5 % risk student variable
with m - two degrees ogffreedom.

If t'obs is lower thah &4, the intercept is not significantly different from 0.

A.6| Interpretation and conclusion

A.6.[1C-Performances of a standard instrument

If tests for freedom from bias by comparison of means or the tests for slope and intercept are not
satisfactory, the instrument to be traced shall be adjusted by correcting bias and/or 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 (see Figure A.1).

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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Slope =1 Test for slope Slope # 1

l l

Test for bias

Bias =0 Comparison of means Bias # 0 =0 Test for intercept #0
v l l
Adjust the bias Calculate a slope passing
X : . . adjust the slone
UITOUUZIT U dITU aUJusS T LT .
instrument and intercept,
Instrutpent is /
in-specification v
Repeat analysis of <

the test samples

|

Test for slope

L and intercept

l

Instrument is
in-specification

Not OK

l

Instrument declassifed

Figure A.1 — Traceability of a'standard instrument — Decision flowchart

A.6.2 Pernfformances of a measurement instrument

If the test for freedom from biasis not satisfactory, the instrument shall be adjusted by correcting the

bias, as statled in 7Z.3.5.

It is necesdary to resumé the measurements and calculations after this adjustment to verify] the

conformity [of new résults.

If the instrymentds not adjustable, it is unfit for purpose and shall not be used.

A.7 Example of calculations

A.7.1 Traceability of a standard instrument to a superior-level standard instrument

A.7.1.1 General

Each of 14 test samples is measured 3 times by the standard instrument then by the instrument to be

traced. Results are given in Tables A.1 and A.2.

A.7.1.2 Calculation and tests for slope and intercept

See Table A.3.
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Table A.1 — Reference values, superior-level standard instrument

Measurements on Test Test Test Test Test Test Test Aver-
the standard sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | sample 7 | age of
instrument all test
kg/hl P1jref P2jref P3jref P4jref P5jref Péjref P7jref spalr:s-
Melf'gs}’}fle L1 pier | 7390 | 6736 | 7666 | 8170 | 6954 | 6232 | 7510
" 2| pirer | 7399 | 6746 | 7658 | 8149 | 6968 | 6252 | 7495
Me]?gs;l}fle 3 Pi3,ref 74,01 67,47 76,75 81,35 69,78 62,52 7491
AK;?EG piref | 7396 | 6743 | 7666 | 8151 | 6966 | 6246.”750
Measurements on Test Test Test Test Test Test Test
the standard sample | sample | sample | sample | sample | sample sample
instrument 8 9 10 11 12 13 14
kg/hl P8jref P9jref projref | piijref | P12jrefD| P13jref P14jréf
Mepsarel | purer | 7290 | 7681 | 6879 | 8145 | 8577 | 7243 | 817
Mﬁ?gs;’kfle 2| piorer | 7289 | 7688 | 6851 | 81,497| 8395 | 7745 | 818§
Me]?g;gle 3 Pi3,ref 72,91 76,88 68,65 81,41 83,9 77,53 81,8(

A}gﬁ’e piret | 7290 | 7686 | 68,65| 8145 | 8387 | 7747 81,81 [7498
Table A.2 — Values obtainedfor the standard instrument to be traced
Measurements on Test Test Test Test Test Test Test Average
thelstandard instru- | sample 1 [sample 2 |sample 3 |sample 4 |sample 5|sample 6 |sample 7|| of all test
ment to be traced P1jm P2j,m P3j,m P4j,m P5j,m P6j,m P7j,m samples

M‘fgs;'}fle L pim | 74007 6750 | 7678 | 81,59 | 69,63 | 6250 | 74,83
Mel?g;l}fle 2 pizm 73,86 67,28 76,86 81,80 69,53 62,58 74,91
Mml?g;lﬁ‘le 3 PN 73,89 67,25 76,80 81,68 69,65 62,75 75,07
A'ﬁg?fe pim | 7392 | 6734 | 7681 | 8169 | 6960 | %01 | 7404
M ¢ Test Test Test Test Test Test Test
pasurements on__| gample | sample | sample | sample | sample | sample | sample |
the standard instru- Br 9. 10 11 12 13 14
ment to be traced
P8j,m P9j,m £10j,m P11j,m P12j,m P13j,m P14j,m
Meﬁgs;’}fle L pum | 7272 | 7676 | 6880 | 81,34 | 8390 | 7737 | 8172
Meﬁgs;’}fle 2| pam | 7297 | 7678 | 6877 | 8128 | 8394 | 3% | 8164
Melilg;l}fle 3 Pi3,m 72,70 76,78 68,71 81,39 83,90 77,52 81,82
Aﬁg}?ﬁe Pim 72,80 76,78 68,76 81,34 83,91 7741 81,73 74,97
© IS0 2019 - All rights reserved 15
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A.7.1.3 Comparison of means

See Table A.4.

Table A.4 — Comparison of means

Comparison of Test Test Test Test Test Test Test Mean
means sample 1 | sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | sample 7 Ap
Differ-
ence |[Apim-ref| -0,04 -0,09 0,15 0,18 -0,06 0,15 -0,06
kg/hl
ComparisEn of Test Test |Testsam-|Testsam-|Test sam-|Test sam-|Test sam- ME n
mean sample 8 | sample 9| ple 10 ple 11 ple 12 ple 13 ple 14 Ad
Differ-
ence |Apim-ref|] -0,10 -0,08 0,11 -0,11 0,04 -0,06 -0,08 -0,0p4
kg/hl
Surmp
Comparispn of Test Test Test Test Test TFest Test
meangp sample 1 | sample 2 | sample 3 | sample 4 | sample 5 \sample 6 | sample 7
(A_p)z 0,002 0,008 0,023 0,032 0,004 0,023 0,004
Comparispn of Test Test |Testsam-|Testsam-|Test sam-|Testsam-|Test sam-
meangp sample 8 | sample 9 | ple 10 ple 11 ple 12 ple 13 ple 14
(A_p)z 0,010 0,006 0,012 0,002 0,002 0,004 0,006 0,1p
Standard deviation
of the mean 0,048
SAp/root(m)
Student i
5 0/0 tval 2,1 9
Conclusion fobs < tval The two means are not significantly different.
The two instruments give similar average results.
A.7.2 Traceability of a measurement instrument

A.7.2.1 General

Each of four test samples is measured two times by the measurement instrument to be traced. Results
are given in Tables A.5 and A.6.

18
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