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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.

The procg¢dures used to develop this document and those intended for its further maintenance.:
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document maybe the subject
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Introduction

This document presents the results of three groups of studies which results have been used to elaborate
1SO 24333

These studies have been managed by United Kingdom in May 2003, by France in 2004-2005 for the first
one and 2006-2007 for the second one and Germany in 2008.
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Cereals and cereal products — Sampling studies

1 Scope

This document presents the description and the results of the three studies conducted by United
Kingdom, France and Germany related to grain sampling in order to define a harmonized sampling
protocol for official controls.

Thlese results had been used to draft ISO 24333.

2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
No| terms and definitions are listed in this document.

ISQ and [EC maintain terminological databases for use in standardization at the following addiresses:

—| ISO Online browsing platform: available at https://fwsvw.iso.org/obp

—| IEC Electropedia: available at http://www.eleetropedia.org/

4 | Context

Eufopean directives for official controls-of some contaminants such as mycotoxins required methods
for] sampling and analysis. In orderto-harmonize sampling procedures necessary for these anlysis and
to determine the best way to prepare a homogenous and representative laboratory sample, studies had
begn conducted by United Kingdom, France and Germany.

Thie results of these 3 studies are presented in this report.

5 | Study n°1: extract from "Grain sampling and assessment: sampling grain in
lorries" - Project report n° 339”

5.1 General

By|] KNIGHT, R. WILKIN and J. RIVETT

Department of Environmental Science and Technology, Renewable Resources Assessment Group,
Imperial College of Science and Technology, Prince Consort Road, London SW7 2BB

This is the final report of a 13-month project that started in May 2003. The work was funded by HGCA
(project 2955).

5.2 Context

This two-year programme was made at the request of HGCA to improve and standardise grain sampling
and analysis across the UK cereals industry.

© IS0 2021 - All rights reserved 1
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The first phase of the programme was to develop and validate protocols suitable for collecting samples
of grain on UK farms at harvest time and to train farmers in their use. The second part was to examine
approaches to the collection of samples during storage and to compare the results obtained, wherever
possible, with data collected as the store was filled. During the course of earlier sampling work, there
was strong interest expressed in the mechanics and effectiveness of sampling loads of grain in lorries.
In addition, some of the work done during storage involved sampling grain as it left the store in lorries.
This showed up the limitations of some approaches to lorry sampling and highlighted the need for more
information. An assessment of lorry sampling was therefore, added and is reported here.

Almost all grain is sampled as it is delivered to end users to confirm its quality and to ensure that
contractuptobtigatio are et rssamphngtake e 10 of cottectimgomeo OT T SJAIIPIT om a
lorry-load on arrival. The equipment used and method of sampling varies between end users angdythé¢re
are no dafa to show if these variations may cause bias in the representativeness of the saniple and,
therefore)in the results of quality analysis.

The key ajim of end-user sampling is to ensure that the quality of the grain is suitablefgrits intended
use. Therg¢fore, sampling is done before the load is tipped and this limits access to the surface of the
load. Thig access is further constrained by food safety and HSE legislation thatptrevent the sampler
from walling on the load.

A limited| assessment of the practicalities of sampling lorries was donée/in 1992 (HGCA Projgct
Report 79) in which the effects of method of sampling, number and peésition of sample points, the
methods ¢floading lorries were considered. The wheat sampled was lew-grade feed material with a lpw
specific weight and a high level of fine material so was not representative of other grades. The resylts
suggested that loading lorries with a front loader or from a hoppet-had no effect on the distribution of
the qualitly characteristics within a load. Small differences werenoted in the mean values for speclfic
weight between automatic sampling using a Samplex CS90 and a manual spear but overall variabillity
of the grajn meant that these differences were not significant. There was significant variability in the
results obtained at individual points with either method;although this variability was random and not
associated with any part of the load. Fine material appéared to be very difficult to measure. At the titne,
this workwas undertaken there were no restrictipns limiting access to the surface of the grain so thdta
widely digbursed pattern of sampling points cquld be used with the manual sampling. The conclusigns
from this|work were that it was extremely unwise to base an assessment of lorry load of grain op a
single sample and that more work was néeded to confirm the results and to assesses other gradeg of
grain. Thg aim of this project was to establish if there are any inherent problems with the sampling of
grain for the determination of quality-characteristics in lorries at the point of intake and to establjsh
recommendations in the form of apretocol for the sampling of grain under these conditions.

Grain waq sampled using autemated systems (Samplex CS90) and manual spearing to see if the method
of samplipg influenced the grain quality measurements. A key part of the process was to assess the
influence [that the numb@éx-of samples taken from each load had on the likely accuracy of the results.
Samples were collected-at 4 different locations; on two occasions 10 lorries were sampled and on two
occasions|8 lorries~were sampled. At three locations, CS90 samplers were used and 8 samples wé¢re
withdrawjn from-edch load and at the other location samples were taken manually with a mulfti-
compartnjented spear with 5 samples being taken from each lorry. A comparison of different ways
of sample{handling was obtained by comparing the individual results from the 8 samples against|an
analysis fsaluplca withdrawnfrom= LUllllJUbitC bcuup}c formed-from—-8 Daulplca. Fhetattermrethod

reflects more accurately the procedure followed at most stores.

Results indicated that there were no statistically significant differences between results from the
individual samples or from the composite samples. Monte Carlo simulation of the impacts of using 2, 3,5
or 8 samples per load revealed that the greater the number of samples used the greater the reliability of
the result and the more likely it was to represent the true mean of the load. It was noted that automatic
sampling equipment can no longer sample the entire length of a trailer and this could cause problems
with obtaining the ideal sample. Manual sampling also had severe limitations due to the lack of safe
access for sampling of trailers.

A sampling protocol for lorries is presented which emphasises the need for 8 samples to be taken from
each load in order to get a good representation of the quality of the entire load.

2 © IS0 2021 - All rights reserved
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The study was conducted to assess the effectiveness of different approaches to sampling loads of grain

in lorries.

The specific objectives were:

— To assess if the method of collecting samples influences grain quality measurement;

— To assess if the number and position of sampling points influences grain quality measure

0 provide guidelines ror sampling lorries giving reliable information about grain quality

Methodology
5.4.1 Conducting tests

5.4.1.1 Collection of data relating to current sampling practice

In [November 2002 the HGCA circulated a questionnaire to commergcial’grain stores and en
grain requesting information about their methods of analysis and“methods of intake sam
information that was collected was used to assist with the design©f the assessment of lorry s

5.4.1.2 Sample collection

5.4.1.2.1 Storel

Thie work was done at a store specialising in the storage of malting barley. Lorries were lo
mdlting barley, variety Pearl, of a quality repreSentative of that delivered to central storage fr
Thee lorries, all 28 t articulated units, were loaded with a front loader fitted with a 2 t bucket.

Teh loads were sampled over a 2-daylperiod. Sampling was done using the store’s Sam
aufomated vacuum sampler. Initiallyz-it had been expected to re-programme the CS90 t
samples/load in a pre-set pattern-~However, observation of the method of operation and
pattern achieved by the CS90_ suggested that there was no advantage in using more than th|
provided by one of the standayd sampler programmes.

Du
ma
as

ring the setting up and-initial testing of the CS90, the slide on the sample spear was ope
ximum to increasé-the sample size. The system was set to collect grain only during the wj
is recommended-by the manufacturer for granular materials.

Eafh of the eight points was sampled three times. On the first occasion, individual samples
separately.During the second and third samplings, all samples were bulked into single batch
the¢se bulk-samples was held as a composite sample and the other was used to provide samp
anfl 3itres (small medium and large) collected at random with a 1-litre jug.

ment;

d-users of
bling. The
ampling.

hded with
om farms.

plex CS90
b take 10
sampling
e 8 points

ned to its
ithdrawal

were held
es. One of
lesof 1, 2

- ’

b staff for

screenings and germinative capacity. Screenings were tested by sieving a 100 g sub-sample with
a motorised shaker fitted with a 2,25 mm mesh screen for 2 minutes. The germinative capacity was
tested using the standard tetrazolium test.

5.4.1.2.2 Store2

Work was done at a commercial store during the normal out-loading of feed wheat. The lorries were
loaded from an on-floor bulk using a front-bucket loader and were sampled as they left the store. Normal
sampling practice was to collect a single spear sample/load using a manual, multi-compartmented
spear of about 1,7 m in length. Access to the load was via a small sampling platform that only allowed
samples to be taken from less than half the length of the loaded trailer and from only one side of the
load.

© IS0 2021 - All rights reserved
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For the purposes of this investigation, 5 sample points were used for each load and the lorry was moved
forward during the sampling process so that access to the whole length of the load could be obtained.
However, it was not practical to turn the lorry round to give access to both sides of the load. Manual
sampling meant that there was, inevitably, some variation in the exact location of the sample points
between loads. Three spear samples were collected at each point. The first was held as an individual
sample, the second bulked to form a composite sample and the third bulked to give a sample from which
three random samples (small, medium and large) could be taken without mixing.

Ten lorry loads were sampled over a two-day period.

5.4.1.2.3 [ Store3

The assegsments were made at a commercial store during the normal out-loading of milling wheat.
Samples were collected using a Samplex CS90 but without the automatic option. Therefore, the sp¢ar
had to be|controlled manually by the operator and this meant that there was considerablewvariatior] in
the positipning of sample points between loads. A further constraint on sampling was, that the C§90
was positjoned at one end of the weighbridge thus limiting access to just one-half of the load. The sljde
on the sarhpler was fully open and grain was collected only as the spear withdrew.

The lorrigs were loaded using a bucket loader from a 2 000 t batch of wheat-stored on-floor. Only a
limited nymber of loads were dispatched each day and time constraints meant that only 8 loads were
sampled during this assessment.

Three sammples were collected from 8 sample points in each load.~Fhe first was held as an individpal
sample, the second bulked to form a composite sample and the third bulked to give a sample from
which thfﬁe random samples (small, medium and large) could.be taken without mixing. The 8 points
were arranged in a 3, 2, 3 pattern with the two samples beigg taken from the centre line and each rpw
of 3 taker| down the sides of the load (see Figure 1). The legation of the sampler and the position of the
lorry on the weighbridge meant that the samples always:came from the front half of the load.

+ + +
+ +
+ + +

Figure 1 — Arrangement of sampling points used by CS90 sampler

Data was [supplied by the storekeeper giving the store’s own assessment of the quality of the batch of
grain as njeasured whén the store was filled.

5.4.1.2.4 | Store4

Loads of milling wheat delivered to a large flour mill were sampled with a Samplex automatic CSPO.
This work was done some months after the earlier assessments and it was decided that the collection of
extra samples to make up composite batches was not justified. Eight samples were collected from eight
loads of wheat over a 10 d period. For technical reasons, the collection of samples had to be done by mill
staff so the exact details of the points sampled are not known.

5.4.1.3 Assessment of samples

Samples had to be transported to the testing laboratory and some additional delays occurred between
the collection and assessment of samples. However, samples that could not be analysed within 48 h
were stored in a freezer at -16 °C to minimise changes in the properties of the grain. These samples
were allowed to return to ambient temperature before testing. The exceptions to this were samples
collected from store 4.

4 © IS0 2021 - All rights reserved
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These were collected over a 10 d period and a further 4 d elapsed before the samples arrived for testing.
During this period, the samples were not held under controlled temperature conditions.

Individual samples were tested separately, as were the three different sizes of random sample. However,
in the case of the medium and large samples, these were divided by coning and quartering to give the
correct volume of grain for assessment. The composite samples were also mixed and then divided by
coning and quartering. Five sub-samples of the composites were tested from Storel but only three sub-
samples were tested from stores 2 and 3.

As a first step in the assessment process, the screenings in each sample were measured by manual
si vheat or a

ving Each sample was weiched and then sieved for 30 s usinag a2 5 mm slotted sieve fory
=) ) =] =] 7

2,7
of
oc

Af
GA
mg
an

In

5 mm slotted sieve for barley. The sievings were weighed and the percentage calculated, T}
the individual samples gave an indication of the variation in the size of sample colleete
fasion.

er sieving, the properties of each sample were assessed using a Foss Infratec)Grain Anal
-TWMD. The machine used official calibrations as provided by the NIRetwork and
isture content, specific mass, protein in the case of wheat, or nitrogen inthe case of barley
assessment of hardness of wheat.

addition, some of the samples of wheat from stores 2 and 3 were)sent to NIAB for asse

Halgberg Falling Number. Complete sets of individual samples from 5 loads, together wit

co
fra
res

5.4

mposite sample were tested from Store 3. Complete sets of individual samples and a single
m 4 loads were tested from Store 2. The testing was dofe using standard methodology
ult was the mean of two determinations.

1.1.4 Estimating the reliability of sampling

Thie impact of the number of samples taken on the reliability of the result obtained from thog

W3
fra
ea
dis
10
w6
erl
for
co

5.4

5.4

5.4

le weights
d on each

yser 1241
measured
and made

ssment of
h a single
composite
and each

e samples
bles taken

s assessed by determining the mean and standard deviation for the results of the 8 samj
m each lorry. This information was used to define a probability curve for a normal distri
th of the lorries. A Monte Carlo simulation was then run to sample from either 2, 3, 5 or
tributions depending on the sampling regime to be simulated. The simulation was run fo
D 000 trials. From this result, camulative probability distribution curves were obtained
re used to estimate the confidence limits for different numbers of samples for a given
or. Thus, the confidence intenwval for sampling 2, 3, 5, or 8 times for a known deviation fro
the different quality parameters could be produced. The final figure shows the probabi
nfidence interval actually’covering the mean value.

1.2 Results and-conclusions
1.2.1 Sample analysis results

1.2.1.T~ Collection of data relating to current sampling practice

As

a total of
and these
argin of
the mean
ity of the

part of the initiative to standardise grain testing a survey of lahoratory practice was u

hdertaken

and this included a set of questions on the collection of samples from lorry-loads of grain. This provided
information from a range of commercial premises receiving, handling or processing grain about current
lorry sampling practices. The response showed that there was no common industry-wide approach.
The most frequently used equipment was the Samplex CS90 or other unspecified Samplex units (49 %)
followed by manual sampling (37 %). The number of samples collected per load ranged between 1 and
10 and the mass of grain collected varied between 0,4 kg and 11 kg.

1)  Foss Infratec Grain Analyser 1241 GA-TWM is an example of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of thisproduct.
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5.4.2.1.2 Observations on the sampling

5.4.2.1.2.1 Storel

During the assessment, it became apparent that the reach of the CS90 sampling arm and the size of
current articulated trailers resulted in parts of the load being inaccessible unless the lorry was moved.
Of the total 11 m length of the trailer, up to 2,5 m at the front and 2,5 m at the rear of the trailer were
not accessible to the sampler. Therefore, up to 40 % of the grain could not be sampled (see Figure 2).

The weight of individual samples collected varied considerably. The size of sample was related to the
depth of grafratthe point of Sampiing, the greater the deptiy, The [arger the Sampie. 1 e bucket foading
method led to peaks and troughs in the loaded grain and this, in turn produced variation in sample sjze
(see Figure 2 and Table 1).

Each indiyidual sample was sucked from the sample spear to the laboratory and was_CeHected in a
cyclone. Tlhere was obvious separation of fine material and grains during this process (see’Figure 3)

=y

Figure 3 — Individual samples collected in the cyclone showing the separation of fine material

5.4.2.1.2.2 Store 2

The collection of samples was limited to one side of the load only and the exact location of the sample
points varied between loads because the position of the lorries in relation to the sampling platform
varied. The depth of the grain in the trailers varied as at Store 1. However, the grain was always deep
enough to permit the manual spear to be inserted to its full depth so there was much less variation
in the weight of sample (see Table 1). Conversely, the spear was usually not long enough to reach to
the bottom of the load. The process of collecting 5 samples/load was time consuming and physically

6 © IS0 2021 - All rights reserved
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demanding. Moving the lorry to allow access to the whole length of the load could not be considered as
a practical approach in most situations.

5.4.2.1.2.3 Store 3

The manual control of the insertion of the sample probe was imprecise because the probe tended to
swing back and forth as it was moved between sample points. The swing was exaggerated by the effects
of wind. The position of CS90 meant that only the front half of each load could be sampled.

The size of individual samples was related to depth of grain in the trailer and this varied within and

be

5.4

Thle Samplex CS90 was situated some distance from the laboratory and, during\fiérmal sa
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1.2.1.2.4 Store 4

ich 8 samples were collected/load, the samples were accumulated at the GS90 and then
suction to the laboratory. The bulked samples were then passed through.a mixer/divider t
vorking sample for analysis. Therefore, during normal sampling procedures, it was not g
Fain samples from individual positions within a load. For the purpogses. of this investigatid
re sampled so that each of the eight individual samples/load was-conveyed to the labor
lected before the next sample was taken. This was a time consuming and disruptive procg
vas only possible to sample a single load/day.

1.2.1.3 Mass of samples collected

wide variation in the weights of samples both-between and within loads found at the t
ere grain was sampled with a CS90 relates to-the variation in the depth of grain at differer
 load. The variation did not occur with thé\manual spear because, irrespective of the dept
e spear could always be inserted to its full length.

1.2.2  Analysis of the quality parameters of the grain

e results of the quality analySis done using the Foss Infratec Grain Analyser are given in Tal
1 5. The results of assessing'the level of fine material (screenings) are also given. For stor
e amount of fine materialbwas established by the project staff using a manual sieve but dg
litional tests done by store staff at Store 1 using a mechanical shaker are also included.

e storekeeper at-Store 3 provided the project with the results of intake sampling of the s

filling the leads sampled as part of this project. Obviously, the grain sampled during t
P50 t) represented a very small part of the 4 500 t contained in the store. However, values|
[able 5 that'allow some comparisons to be made with the results obtained by sampling loa
e store after about 10 months storage (see Table 4). The intake sampling procedure used at ]
s to.collect samples from three points from each load and to mix these samples to give a

thd

mpling in
conveyed
0 produce
ossible to
n, 8 loads
atory and
ss so that

masses of the individual samples collected from the.loads at each store are summarised in Table 1.

wo stores
it parts of
h of grain,

bles 2, 3,4
bs 2 and 3
ita for the

tore used
he project
are given
ds leaving
he Store 3
composite

it-Was used for analysis. The analyses were done using a Foss Infratec that was calibra

ted to the

same standards as applied to the instrument used during the project. A summary of the storekeeper’s
analysis results is given in Table 6.
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Table 1 — Maximum, minimum and mean masses of the batches of individual samples
collected at each store. There were 8 individual samples at stores 1 3 and 4, and 5 individual
samples at store 2

Mass
g

Store Load Max. Min. Mean
Barley 1 738,7 476,8 604,2
Sampled with automatic 2 7254 615,2 670,6
590 3 808,5 469,1 654,5
4 826,4 425,0 649,4
5 761,9 4374 6049
6 721,6 4873 610,85
7 816,1 510,3 6©7.7,0
8 732,6 464,4 625,2
9 737,3 471,1 623,1
10 7879 424.9 638,7
Wheat sampled manu- 1 480,7 378,2 452,3
ally 2 541,3 418,0 471,2
3 485,5 468,8 478,1
4 479,3 368,6 443,4
5 4744 406,7 455,1
6 481,4 464,2 476,3
7 4574 389,0 432,3
8 4674 410,0 4454
9 462,6 445,8 451,9
10 463,8 436,3 450,6
Wheat 1 1062,5 470,1 824,6
Sampled with non-auto- 2 790,8 4589 560,5
matic CS90 3 760,2 760,2 760,2
4 730,9 427,6 538,2
5 846,5 390,8 599,1
6 799,6 466,0 605,3
7 765,5 117,6 487,3
8 736,5 490,2 612,3
Wheat 1 633,9 449,2 525,2
shipléd with automatic 2 673,0 552,3 597,0
599 3 5276 7837 57T,0
4 922,8 566,6 642,7
5 611,4 483,3 546,1
6 641,5 571,6 604,0
7 663,0 552,9 606,0
8 616,1 59,60 470,1
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Table 2 — Maximum, minimum and mean values for the analysis of the eight individual barley
samples collected at Store 1

Moisture Fines
Volumic mass
Nitrogen (DM) % %
Load 1 Store Project
Maximum 177 14,4 69,1 4,6 2,9
Minimum 1,74 13,8 64,8 3,2 1,7
Mean 1,79 14,0 67,7 3,6 2,4
Ldad 2 AN
Maximum 1,77 14,4 69,0 3,9 oV be
Mjnimum 1,72 13,7 68,1 31 olY P
M¢an 1,78 14,0 68,5 36 1O 2,3
Ldad 3 q\/{) i
Maximum 1,75 14,1 69,5 43 B,2
Mjnimum 1,72 13,8 679 ) 29 1,6
M¢an 177 13,9 688 D 36 D2
Ldad 4 B 6\
Maximum 1,76 14,3 70,0~ 3,6 .8
Mjnimum 1,75 13,8 6847 2,9 1,7
Mgan 1,78 14,0 - B9,1 3,4 2,0
Lgad 5 %) R
Mgximum 1,76 143 [V 697 5,2 2,9
Mjnimum 1,72 138 - | 68,2 3,3 1,9
M¢an 1,79 14,1, 69,2 4,2 D4
Ldad 6 \L\'V
Mgximum 1,75 M1 69,1 5,6 .3
Mjnimum 1,72 .~ 138 68,3 4,3 2,0
M¢an 178 &) 14,0 68,7 4,8 0,7
Ldad 7 (')\)
Mjximum 1,75)" 14,3 69,2 6,4 2.9
Mjnimum 74 14,0 68,5 4,2 1,9
Mgan _O77 14,2 68,7 51 0,3
Ldad 8 1>\$§
Maximum S 1,76 15,0 69,5 5,5 B,4
Minimuiir 1,75 13,7 68,5 3,4 2,1
Mg 1,78 14,2 68,9 4,4 0,6
Load 9
Maximum 1,76 14,1 69,4 4,4 3,4
Minimum 1,72 13,8 68,5 3,7 2,0
Mean 1,78 14,0 68,9 4,0 2,6
Load 10
Maximum 1,74 14,5 69,0 54 3,5
Minimum 1,60 13,8 68,0 3,0 19
Mean 1,78 14,1 68,6 4,5 2,5

© IS0 2021 - All rights reserved 9
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Table 3 — Maximum, minimum and mean values for the analysis of the five individual wheat
samples collected at Store 2

Protein DM Moisture Hardness Fines
Volumic mass

% % %
Load 1
Maximum 11,2 137 414 76,3 2,9
Minimum 10,8 13,4 37,1 72,9 1,8
Mean 11,0 13,5 39,0 75,1 2,4
Load 2 AN
Maximum 11,2 14,7 40,5 75,0 22V
Minimum 109 13,8 34,1 72,1 o1
Mean 11,0 14,2 38,0 73,9 0719
Load 3 Q>
Maximum 11,1 13,9 43,0 76,3 2,4
Minimum 10,7 13,7 35,6 752\ 19
Mean 109 13,7 38,0 K& 2,2
Load 4 B 6\
Maximum 11,3 14,1 379 < 749 2,1
Minimum 10,7 13,8 3,6 47 737 17
Mean 11,0 13,9 354 () 74,4 18
Load 5 %) R
Maximum 11,1 14,2 384 75,5 2,1
Minimum 10,6 13,5 0343 73,3 16
Mean 109 13,9 - 368 74,8 19
Load 6
Maximum 11,2 14,000 35,6 76,3 2,9
Minimum 10,8 13,37 28,7 74,8 2,0
Mean 11,0 _ 5136 33,0 75,8 2,4
Load 7 (')\)
Maximum 111 () 149 36,5 75,2 2,5
Minimum 105 N7 14,3 29,3 74,4 17
Mean 108~ 14,6 32,4 74,9 2,1
Load 8 v:(‘
Maximum M6 14,5 31,7 754 2,2
Minimum| |~ 10,2 14,3 24,1 74,5 18
Mean S 104 14,4 28,6 75,0 2,0
Load 9
Maximum 11,0 14,8 37,2 75,6 2,3
Minimum 9,9 14,5 16,5 73,8 19
Mean 10,6 14,7 29,2 74,6 21
Load 10
Maximum 11,6 15,7 40,5 75,5 2,1
Minimum 109 14,6 16,6 73,5 14
Mean 11,2 15,0 33,7 74,8 18
10 © IS0 2021 - All rights reserved
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Table 4 — Maximum, minimum and mean values for the analysis of the eight individual wheat

samples collected at Store 3

Moisture Hardness Fines
Protein DM Volumic mass

% %
Load 1
Maximum 14,0 14,3 62,7 82,6 14
Minimum 13,7 14,1 55,9 82,0 0,5
Mean 13,9 14,1 58,5 82,4 0,8
Ldad 2 AN
Maximum 14,0 14,1 59,5 82,5 R E
Mjnimum 13,8 14,0 55,9 8,8 nl” |1
Mgan 13,9 14,0 57,8 821 O 1,2
Ldad 3 (]\/0 i
Maximum 14,2 14,0 58,4 826 14
Mjnimum 13,7 13,9 53,1 ) 814 1,0
Mgan 13,9 14,0 557 (O 822 1,2
Ldad 4 B 6
Maximum 14,1 14,0 59,5~ 82,9 1,2
Mjnimum 13,8 13,9 547 7 82,4 0,9
Mgan 14,0 14,0 57,5 82,7 1,0
Lgad 5 %) )
Maximum 14,3 141 [V 773 83,2 1,2
Mjnimum 14,0 138 -0 53,8 82,8 0,6
Mgan 14,1 139- 61,2 83,0 1,0
Ldad 6 o~
Mgximum 14,1 4,1 59,5 83,0 1,2
Mjnimum 13,8 -~ 139 55,8 82,2 0,7
M¢an 139 5 14,0 57,3 82,7 0,8
Ldad 7 (')\}
Mjximum 139)° 14,1 58,7 82,8 1,2
Mjinimum > X 14,0 56,5 82,0 0,8
Mgan _{)138 14,0 57,4 82,4 0,9
Ldad 8 $$~
Maximum S| 139 14,0 58,9 82,9 1,3
Minimufir 13,8 13,9 53,7 81,8 0,9
Mg 13,9 14,0 57,2 82,5 1,2

Table 5 — Maximum, minimum and mean values for the analysis of the eight individual wheat
samples collected at Store 4

© IS0 2021 - All

rights reserved
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The results of the store’s own analysis, based on a composite sample made up from 8 individual probe
samples, are given as Mill data.

Moisture Fines
Protein (DM) Hardness Volumic mass
% %

Load 1
Maximum 13,0 12,4 68,9 77,7 3,5
Minimum 12,7 12,1 619 76,5 19
Mean 128 123 a5 2 770 2,63
Mill data 13,3 11,9 6 77,6 314N
Load 2 q‘QV
Maximum 11,8 14,1 40,5 76,8 02
Minimum 11,6 137 31,3 75 A7 34
Mean 11,7 13,9 36,3 760 |l 388
Mill data 11,8 14 2 76,8 A <] 49
Load 3 fo\
Maximum 139 13,0 51,4 80;6 4,2
Minimum 134 12,6 42,2 , 0795 3,4
Mean 137 12,7 47,0 O° 801 3,88
Mill data 13,7 13,3 6 4 807 51
Load 4 Q >
Maximum 12,4 13,4 4629 79,7 1,9
Minimum 12,0 12,8 338 77,8 1
Mean 12,2 13,2 s 79,0 1,35
Mill data 12,6 13,6 10 2 79,5 2
Load 5 NS N
Maximum 12,5 15,00 28,1 78,4 2,8
Minimum 12,1 1477. 21,5 75,9 18
Mean 12,3 119 24,50 77,3 2,23
Mill data 12,1 O 15 2 77,6 3,2
Load 6 ch )
Maximum 12,5 O\~ 12,8 48 78,4 21
Minimum 128 12,5 39,2 76,6 19
Mean 12 12,6 43,2 77,8 1,95
Mill data M2,5 12,8 2 79,1 3,2
Load 7 ,Q?“‘
Maximum[ 0) 13,0 12,2 55,1 81,6 2,3
Minimum 12,5 12,0 41,2 80,1 2
Mean 12,7 12,1 47,2 81,0 2,14
Mill data 12,8 12,2 5 81,1 3,2
Load 8
Maximum 11,3 13,2 38 77,5 2,2
Minimum 11,03 13,1 29 75,9 1,6
Mean 11,2 13,2 34,6 76,7 1,88
Mill data 11,4 13,4 2 77,6 2,8
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Figures in brackets are the mean value of the 8 loads sampled coming out of store.

Moisture Fines
Protein (DM) Volumic mass
% %
Maximum 14,0 (14,1) 16,0 (14,1) 82,0 (82,8) 4,3 (1,3)
Minimum 10,9 (13,8) 12,1 (13,9) 74,1 (82,1) 0,1(0,8)
Mean 12,5 (13,9) 14,1 (14,0) 78,1 (82,5) 2,2.(1,0)

A summary of the analyses of the Falling Number of some samples from Stores 2-and 3 arg given in

Tal

mgxima, minima and means. These data show that there was important variatjon between

ob
+4
20

s to 6 s) between replicates of the same sample i.e. measurement variation, could accoun
% of the variation between samples.

stores 2 and 3

Load

Store 2 3 5 6 7 8
Maximum 229 226 220 245 205
Minimum 168 183 172 185 181
Mean 198 203 200 218 194
Store 3 5 6 9 10

Maximum 183 164 193 186

Minimum 152 131 163 122

Mean 166 147 175 168

ble 7. Three replicates of each sample were tested and the mean values used|in the cald

ulation of
the values

fained from the individual samples. However, it must be appreciated that/the variability (jommonly,

L for up to

Table 7 — Results of falling number assessments on individual samples from some lpads at

Thie tests on the germinativeeapacity done on barley samples from Store 1 showed very little yariability

be

At
mi
res
ca

fween samples with all values being 99 % or 100 %.

es compartisons can be made but the mill used a different method of assessing Hardnes

regults cannot be compared.

5.4.2:3 Estimating the sampling reliability

store 4 (a flour mill); normal practice was to collect 8 samples with an automatic Samplex C§90 probe,
[k these samplésyand then divide the resulting composite sample to give an analytical sample. The
ults obtainédby the mill using their method of sampling and analysis are given in Table . In most

5 so these

The results of the Monte Carlo simulations are given in Table 8 and show the improvement in sampling
reliability gained from taking more samples. The use of 8 samples reflects the number of samples that
most operators take when using a CS90 automated sampler to sample from trucks on intake.

The ranges for each quality measurement were selected on the basis that they represented relatively
small variation about the mean value.

©lI
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Table 8 — Impact of taking greater number of samples on the confidence limits for a given level
of variation about the mean value (1 sur 2)

Wheat Hagberg Falling Number (see Figure 4)

Mean = 203 Maximum = 217 Minimum = 183 using a range of 10 seconds either side of mean (193-213) the fol-
lowing confidence limits apply i.e. the probability of this interval covering the mean

2 samples 79 %
3 samples 88 %
5 samples 96 %
amples 99 %
Wheat Spé¢cific Weight

Mean = 84,04 Maximum = 82,6 Minimum of 81,6 using a range of 0,4 kg either side of mean (81,64+82,44) the
following fonfidence limits apply i.e. the probability of this interval covering the mean

2 samples 77 %
3 samples 85 %
5 samples 94 %
8 samples 98 %

Wheat Mojisture Content

Mean = 13,93 Maximum = 14,06 Minimum = 13,87 using a range of 0,1 % either side of mean (13,83-14,03) the
following fonfidence limits apply i.e. the probability of this interval covering the mean

2 samples 69 %
3 samples 79 %
5 samples 90 %
8 samples 96 %

Wheat Prqgtein

Mean = 14,02 Maximum = 14,24 Minimum = 13,79 using a range of 0,1 % either side of mean (13,92-14,12) 4
following fonfidence limits apply i.e. the probabiliti~of this interval covering the mean

=3

e

2 samples 59 %
3 samples 69 %
5 samples 82 %
8 samples 91 %

Barley Scrfeenings

Mean = 2,04 Maximum = 2,8Minimum = 1,7 using a range of 0,3 % either side of mean (1,74-2,34) the followihg
confidenc¢ limits apply i.é. the probability of this interval covering the mean

2 samples 67 %
3 samples 76 %
5 samples 87 %
8 samples 95 %

Barley Moisture Content

Mean = 14,06 Maximum = 14,28 Minimum = 13,82 using a range of 0,1 % either side of mean (13,96-14,16) the
following confidence limits apply i.e. the probability of this interval covering the mean

2 samples 58 %
3 samples 70 %
5 samples 79%
8 samples 89 %
Barley Nitrogen

Mean = 1,77 Maximum = 1,78 Minimum = 1,72 using a range of 0,01 % either side of mean (1,76-1,78) the following
confidence limits apply i.e. the probability of this interval covering the mean

14 © IS0 2021 - All rights reserved
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Table 8 (continued)
2 samples 52 %
3 samples 61 %
5 samples 71 %
8 samples 84 %

Figures 4 and 5 show two graphical representations of the results of the Monte Carlo simulations on
reliability of results from using differing numbers of samples.

Wheat load 5 Hagberg talling number
mean 203, max 217, min 183

9000
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7000
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5000
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3000

2000

1000

160 180 O200 : 220 240 X
5 \L\'

Key
hagberg falling number
frequency

3 samples

X

Y

1 | 2samples
2

3 | 5samples
4

8 samples

Figure\4— Graphical representation of the impact of sampling intensity on reliability of result
for Hagberg falling number in a lorry load of wheat
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Barley load 5 moisture content
mean 14,06; max 14,28; min 13,8
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Figure 5|— Graphical representation of the impact of sampling intensity on reliability of resylt
for moisture content in a lorry load of barley

When the|differences between the results of using a mean of individual sample measurements, a mgan
from a sefies of samples from a composite or the mean from a series of samples taken from a single
large bull sample were<compared there were no statistically significant difference between them. On
some occjsions, the difference was positive whilst in others the difference was negative. The types
of samplef that showed the least difference (analysed by eye) were the mean of the eight individpial
samples ajpd thesniean of the 5 samples from the composite sample.

5.4.2.4 iscussion and conclusions

The collection of information on the approaches to sampling lorries under practical conditions
suggested that there were wide differences in approach used by different stores. The Samplex CS90
was the equipment most commonly used although the exact method of use varied greatly. The next
most common method was a manual spear but once again, the number and size of sample collected
varied. The information collected supports the targeting of CS90 samplers and manual spearing during
this project.

Guidelines for lorry sampling are specified in some contracts. These are all based directly on the ISO
and BSI standards and specify the number and positions of sampling points for loads of certain weights.
However, during the course of this work it became apparent that, in practice, with manual sampling
it was impossible to observe these guidelines and to also observe HSE safety constraints and food
safety regulation advise against an operator walking on the grain. Similar limitations applied to the
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use of the CS90. When using this machine, even if ideally placed, it is impossible to reach up 40 % of
the load in modern bulk trailers without moving the lorries. It is not common practice to move vehicles
to overcome this limitation and therefore the sampling is limited to a central portion of the trailer in
most cases. The manufactures of the CS90 are aware of this limitation but point out that, whilst it is
possible to re-design the machine to extend its reach to cover the entire load, this would require a much
larger and far more expensive unit. These are important issues and need to be addressed by the British

Standards Institute and those responsible for drawing up contracts.

5.4.2.4.1 Inherent variation in grain

Allgrain sampled during this work at stores 1, 2 and 3 had been in store for at least 8 months.
hafl originally come from a number of sources but would have been mixed to some extent Whe
stdrage. It is also reasonable to expect that extremes in moisture content would have b
redluced during storage. This is confirmed by the reduction in the difference between the

anfl minimum values for moisture shown by comparing the intake sampling at Stotre 3 with

obfained during the project when assessing the grain at out-loading. Howeyer) the results
indicate that some inherent variation in the grain is still present after bulks of grain from
miked and stored at commercial stores. The variation in the quality of grain within in a si
d was sufficient to make the difference between the grain being rejected or accepted. Fot
moisture content of load 10 at store 2 varied sufficiently that a single sample could have
end user to accept or reject given a contract level of 15 %. Similar important variation was
he protein content and falling number values of samples from Store 3. The origins of th

the case of the two stores where the grain was sampled with a CS90, the variability
ividual samples may have been enhanced by the large differences in sample weight; up td
ever, large differences in sample weight did nef’occur at Store 2 where the grain wa
nually yet variation in quality was still present between individual samples.

other factor that could influence the apparent variation between samples is any char
thod of measurement. The assessment©f this factor was not a direct part of this project
e observations on the effects of \ghanges in the method of measurement on the res

whether they were tested by the' store staff or project staff (see Table 2). The mechani
bd at the store always produced-a higher assessment of fine material (+ about 30 %) than t}
ving used by the project staff. However, this is not an indication of variability in the grain bg

sig
difference between the 2 nethods remained about the same. These findings are not surpris

md
pe
th
of
fra
erl

pe

del and setting of thé shaker and the age of the sieves can influence the results (C. Finch,
"s. com.). In additign;the results from all samples of both wheat and barley collected from 1
se from other parts of the Grain Sampling and Analysis (GSA) project, indicate that the di
[ine materialorscreenings within a bulk or lorry-load of grain is variable and, as far as can
m results, random. As a result, the measurement of screenings is very likely to be subjec
ors of pfediction than other quality parameters. This may be worthy of more detailed res|
‘haps-should be born in mind when considering contractual obligations.

re 4 are unknown but at least some loads are likely to hayé gome directly from farm stores.

The grain
h entering
een much
maximum
the values
obtained
farms are
ngle lorry
example,
pbermitted
apparent
e grain at

between
two-fold.
5 sampled

ge to the
However,
ults were

fained. Large difference in screenings were found in the same samples of barley (Store 1) depending

tal shaker
he manual
bcause the
ing as the
Pneumac,
brries and
stribution
be judged
[ to larger
earch and

machines

Te$ts“done on other quality parameters throughout the GSA project on the Foss Infratec

suggest that this instrument is relatively consistent. Where the same sample was put through the
machine multiple times there was almost no variation in the results. The results obtained at Store 4
suggest that the values obtained by the project analysis were in general lower than those obtained by
the mill analysis although the differences were mostly relatively small. It is possible that this trend
was more a factor of analytical methods than sampling error. The largest difference between the two
assessments was always in the estimation of screenings.

In general, the variation between samples taken from the same lorry-load was not of statistical
significance. However, in many cases these differences were of great commercial importance. For
example, with barley from Store 1 the screenings could vary by 1,5 % and the moisture by 1,4 %
between samples from the same load. With milling wheat from store 3 the protein could vary by 0,5 %
and the screenings by 1 % within a load. These data clearly demonstrate the dangers of basing a quality
assessment of a lorry-load of grain on a single discrete sample irrespective of the method of collection.
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Statistical analysis of the data provided useful information. The amount of variability for each quality
parameter within a load or a group of loads was calculated and the ability to predict this variability was
assessed. Obviously, each quality parameter behaved differently but most was broadly similar except
screenings where the variation was much greater. Once the variability was calculated, limits could be
set for the accuracy of prediction (for example: + 0,05 % for protein in wheat). The numbers of samples
used has a fundamental influence on the ability to approach these limits. A single sample may only
offer a 50 % chance that the result will be close to such limits. In practical terms, this means that when
lorries are sampled with a single sample, in the event of a dispute, there is a 50/50 chance that re-
sampling will give a different result.

The confi
load would appear to give a good compromise between confidence in the results and workload+Thére
was no relationship between quality prediction and the position from which a sample was colle¢cted: the
variability appeared random. Therefore, the exact siting of the sample points is of much lessimporta
than the qumber of sample points, although spreading the points evenly over the entire léad should(be
preferred| Collecting multiple samples (preferably 8/load), mixing these thoroughly and’then using a
sub-sample for quality assessment would appear to be an effective approach to sampling lorry-loadg of
grain.

The results from this work confirm the earlier limited work on samplinglorries (HGCA Projgect
Report 79) but it does not appear possible to implement the use of the methodology suggested in ISO
or BSI Stahdards because of limitations in the current equipment. However; they provide the basis fgr a
new approach to standards with a sound technical base and may allow some general codes of practjce
to be congtructed.

5.4.2.4.2 | Recommendations and protocol for lorry sampling

5.4.2.4.2.1 Recommendations
a) Scrednings

Throughout the sampling component of the GSA_Project, the error of prediction of screenings has begen
greater than other quality parameters. This-difficulty does not seem to be reflected in commerdial
contracts{Itis recommended that more work be done to establish better limits of assessment that cotild
be used that would provide a fairer approach for both buyers and sellers of grain.

b) Natignal and International Standards

The results of this work should-be discussed with the appropriate Standards organisations with a view
to produc|ng revised standards that correctly reflect the limitations of equipment and safety concerps.

Code of Pfactice: consideration should be given, in cooperation with appropriate organisations, to the
drawing {p of guidelines for the effective sampling of loads of grain.

c¢) Influence ef method of measurement

Consider fheinterchange of samples between the project and commercial laboratories to investigate
the effects of different methods of measuring quality parameters of grain.

5.4.2.4.2.2 Protocol for collecting samples from lorry-loads of grain

These guidelines are intended to offer advice to any organisation that sample grain in lorries. They
are not intended as dogmatic instructions that can be applied at every site and there may be a need for
some flexibility in approach. However, if used, the guidelines will help to minimise sampling error and
provide a consistent method of collecting samples from lorry-loads of grain.

a) General

— All equipment should be clean and in good working condition;
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— Operators should be familiar with the equipment and have an understanding of the problems of
sampling grain;

— Safety should always be the first consideration in any sampling operation.
b) Taking manual samples:
— Use a manual spear that is at least 1,5 m long;
— Use a spear that will collect multiple sub-samples from different depths;
——eoht 1 560 1 N e . , 1 -

— Collect samples from at least 5 (preferably 8) sample points/load. These peoints should be
spread as widely as possible across the load without risk to the operator. In some case|, it may be
appropriate to move the lorry to give better access;

— Add the samples together to form a composite sample representing the lead;
— Mix the composite sample thoroughly;

— Divide the composite sample with a sample divider. If this is fietavailable the sample[should be
divided by coning and quartering to give a working sample. Failure to use a sample divider or
to cone and quarter the sample is likely to increase the errer in the measurements (pdrticularly
screenings);

— It may be appropriate to retain part of the composite sample in case of any disputg¢ over the
grain quality.

c) | Taking samples with a remote sampling probe

— Where the amount of grain collected;ger insertion can be adjusted, it may be approprfiate to set
this to maximum. This will help to.overcome the collection of small samples when the spear is
inserted into troughs in the load;

— Try to ensure that the lorpy'is positioned with the sampler about half way along the] trailer so
that it can access as much of the load as possible;

— If the sampler has anyautomatic programme, choose the option that collects 8 saniples from
different points;

— If the probe is-¢ontrolled manually, collect 8 samples/load from different points spriead as far
apart as possible over the load;

— Mix the{composite sample thoroughly and then divide using a sample divider or by coning and
quartering. Failure to use a sample divider or to cone and quarter the sample is likely tp increase
the.error in the measurements (particularly screening);

= [t may be appropriate to retain part of the composite sample in case of any disputg¢ over the

grain ool

ST Ol quarrcys

6 Study n°2: extract from "Sampling grain in static and flowing condition -
alternatives to the regulatory protocol"

6.1 General
By G. VERON-DELOR and ]. LEBRUN
ARVALIS Institut du Vegetal - 3 rue Joseph et Marie Hackin - 75116 PARIS
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This is the report of a 36-month project. The work was managed in IRTAC and funded by IRTAC
members, FranceAgriMer, ANMAC, ARVALIS, GNIS

6.2 Context

6.2.1 Regulatory aspect

Regulation has been published at European level concerning sampling and methods for analyzing
cereals and cereal products, within the framework of assessing average batch mycotoxin content:
regulation n® 401/7006 of 7'{/7/7()06 (Offi(‘i;\] Journal of Q’/?l/ﬂﬁ)

The regulption concerns official controls. Nevertheless, if there is a too large gap between a protogol
applied by the official bodies in charge of regulatory checking and those implemented by the’cergal
industry ¢perators, this might result in different evaluations of the average content of the“batcheq of
cereals. This situation is a potential source of disputes. Commercial operators are directly concerned
with thesg regulatory protocols insofar as they are entrusted with some official analyses (e.g. within
the framework of Community intervention).

Furthermpre, attempts to take the “contaminants” issue into account in the "Intervention" procedure} in
particulaf for the application of (EC) 856/2005 regulation, are confronted by-¢ertain concrete limitg in
implemenfting methods specified for sampling, due to the characteristics‘specific to big cereal batches
concerned and in particular their size.

6.2.2 Nprmative aspect

Three majn international sampling standards were available at-the time of the studies:
— IS0 24333;

— SO 542:1999;

— IS0 6497:2005.

These stpandards only deal with the™  evaluation of “uniformly” distributed characteristics
("homogepeous") such as protein or moisture.

ISO 2433B is the only one proposing sampling protocols suited to contaminants spread in a
heterogerjeous manner, and in patticular in the field of mycotoxins such as Fusarium toxins.

NOTE The two standards-1SO 6644:2002 and ISO 13690:1999 were withdrawn at the publication| of
SO 24333,

6.3 Studies conducted and objectives

Two studjes were conducted: the first in 2004 to 2005 (“study A”) and the second in 2006 to 2007
(“study B),

6.3.1 Study A
The purpose of this study was respectively:
a) tocompare 3 protocols with the aim of estimating the possible differences between:

— a'"regulatory" protocol whose sampling method corresponds to the one set out in EU regulation
n°401/2006[2];

— a'"normative" protocol whose sampling method is adapted to certain situations experienced by
cereal operators (e.g. intervention scheme);
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— a “routine” protocol whose sampling method is adapted to “day to day” control
operators (e.g. intervention scheme).

by cereal

For the 3 protocols, an aggregate sample was made from the individual samples and then analysed to

determine an average content of the batch and to assess the related accuracy.

b) to evaluate the heterogeneity of 3 silos for the analysis of DON; of 2 silos for the analysis o

fnitrogen

and falling number; of 1 silo for the analysis of moisture. For each of these analysis/silo, the 100

samples were individually analysed.

Lo Mo CoaprllerI
6- Y] Jtuuy D

Thiis study was conducted on large storage silos, on flowing of grains of corn, contaminated'by|
toyins, mainly fumonisins, but also deoxynivalenol and zearalenone.

th¢ variance of silos in order to estimate, for a given number of samplescand for a give
cohtamination, the accuracy that can be expected.

A part of this study was also devoted to assessing the impact of redticing the size of the 1
ple.

6.4 Study A: silos and lorries of wheat and corn - Fusariotoxins and quality ass¢
6.4.1 Organising field tests
6.4.1.1 Conducting tests

6.4.1.1.1 Setting up the tests

Thie tests were conducted on volunteer sites. A questionnaire was prepared and circulated i
idgntify the interesting sites.

Fufthermore, in order to ensure a prompt reaction when a batch was identified, and to ensui
teqts conducted in a reliable and\rigorous manner, a single person was entrusted with condugd
the¢ samplings carried out in(the field.

Fusarium

aim of this study B is to determine relationships between the average miycotoxin content and

n level of

aboratory

pssment

h order to

e that the
ting all of

The same method was applied to similar situations, as far as possible, with the same equipnient being

used for all the trialsimanual probes, divider and grinders. The automatic probes varied froi
anpther.

6.4.1.1.2 Methods corresponding to the protocols tested
2 derieswefitests were conducted:

—| ‘the 1st series consisted of testing 3 sampling plans: the protocol corresponding to 1

n a site to

regulation

n° 401/2006 for fusarium toxins, the "normative" protocol drafted by the "standa

rdisation”

working group (ISO 24333) and the “routine” protocol with less incremental samples per unit than

the 2 others.

The grain sampling situations were as follows:

— flowing from silos (transferring the contents of one silo to another one, discharge and Redler

samplings, or train discharge);
— static by sampling from lorries;

— static by sampling from flat or vertical silos.

© IS0 2021 - All rights reserved
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The aim was to see whether the alternatives protocol correctly estimates the average content of a
batch in the same way as the regulatory protocol, taking into account some experimental errors. The
regulatory protocol is used here as a reference. The characteristics used for estimation are the DON
content, the protein content and the Hagberg Falling number for wheat. For maize, the content values
taken into account are: DON, protein content, promatest and zearalenone.

— The aim of the 2nd series was to evaluate silo heterogeneity in order to be able to estimate the
relationship between the confidence interval of the average content of the silo and the number of
incremental samples. Furthermore, resultant modelling enables to evaluate the risk taken if the
batch is accepted on the basis of the number of incremental samples chosen.

The heterjogeneity tests were conducted on silos of 500 t and for each, 100 elementary samples wé¢re
taken and individually analysed: 3 silos for the analysis of DON; 2 silos for the analysis of nitragen gnd

Falling nymber; 1 silo for the analysis of moisture. The batches tested weighed approximately 500 t.
Heterogeneity was only tested on wheat batches.
Table 9 — Characteristics of the tests conducted
A3
Tests of sampling plans : regulation / standard / routine A<\
regulatory method normative method | routine method
flowin
grains (by]| Type of grains |nb essais
500t)
wheat 1 sampling equipment scoop scoop scoop
number of increments 100/500T \\‘ 25/500T 10/500T
corn 4 mass of increment (kg) 0,3a1,6 0,3a1,8 0,3a19
mass of aggregate sample (kg) |32 a165 8a44 3a19
mass of laboratory sample (kg)[9,5.a 9,8 8a10,6 3a104
division of the aggregate sample{Boerner divider Boerner divider
Staticlorries|
manual or automatic sampling | automatic sampling | automatic sgm-
wheat 6 . . . . . .
sampling equipment equipment equipment plingequipment
number o(\iﬁcrements 100 10 8
corn 8 massofincrement (kg) 0,4a1,5 0,4a1,5 0,3a19
madss of aggregate sample (kg) |43 a 150 3,8a15 1,2a4,2
mass of laboratory sample (kg)|9,3a 10,9 3,8a109 1,2a4,.2
division of the aggregate sample | Boerner divider Boerner divider Boerner divifler
Flat or verti
cal silos (by]
500 t or byj
batch)
. manual sam-
manual sampling equipment manual sampling plingequipmgent
wheat 3 o equipment or
or probes by aspiration . .. |orprobesbyjas-
. . probesbyaspiration| ~. 7
sampling equipment piration
number of increments 100 50 10
mass of increment (kg) 1,9a2,7 19a2,7 2,2a3,0
mass of aggregate sample (kg) [ 180 a 265 952140 222330
mass of laboratory sample (kg) |11 10,3 10,7
division of the aggregate sample | Boerner divider Boerner divider Boerner divider
Tests d'héréogénéité
Test of Heter-
ogeneity on
2 flat silos|typedeproduits |nb essais
and 1 verical
silo
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https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

Table 9 (continued)

ISO/TR 29263:2021(E)

Tests of sampling plans : regulation / standard / routine

regulatory method

normative method

routine method

wheat

sampling equipment
number of increments
3 mass of increment (kg)

mass of aggregate sample (kg)

mass of laboratory sample (kg)

probes by aspiration
100

1,8a27

180 a 265

1,8a2,7

TegtsTeatsed <2UUS/UT/ LU

6.4.1.1.3 Description of the tests conducted

1st series — 25 tests were conducted on:

number of samplings required;

mechanical probes (suction-operated probes).

— flowing grain: manual sampling equipment; 4 in silos - 3 maize, 1 wheat, from 500
1 train -maize. The samples were taken at regular intervals in accofdance with the flgw and the

[ sections;

static grains: manual or automatic sampling equipment; 14 lerries (6 wheat, 8 maize),|3 types of
probe. In 10 cases, a manual sampling was used; In 7 cases;a mechanical sampling was used; In
3 cases, the manual sampling was compared to the mechanical sampling;

2 vertical silos and 1 horizontal silo: on wheat; the samples were taken from 500 t bat¢hes using

Thie aggregate samples are obtained by groupingtdgether the individual samples corresponding to
eath sampling situation and each method — for each situation; there are thus two aggregate samples
(rdgulatory method - normative method). The aggregate samples obtained were homogehized and
th¢n divided in order to obtain a 10 kg laboratory sample. Aggregate samples of less than 10 kg were

jugt homogenized and then ground (Labormill grinders).
Thie diagrams below show samplingexamples taken from lorries.

Camion cas S/V.P) C1 (1)

~ 28,57 cm

0,4m
[
)

2,4m

Key

1
0,8 m

TT00 points of sampling

:10 points of sampling

2+

:3 points of sampling randomly distributed

Figure 6 — Example of sampling from lorries
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?3:9.40 - H:9.60

Figure 7
silo

Key
24 places of sampling

12 places of sampling

3 places of sampling

-0 O 0

1st sampling

2nd sgries: heterogeneity tests — 3 trials were conducted on
Grids|were drawn on the top of the silos in order to ensur

batch| sampled. Each 100 elementary sample was indié ally homogenized and ground bef
beinglanalysed. $\ss\
¥
xO

— Example of sampling from Figure 8 — Boerner divider Figure 9 — Examplg:ébsam-
t

Qhorizontal silos and 1 vertical s

N

pling equi
i

(.1/

<L

&
N\
< S
O lo.

consistent sample across the whple
re
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~
( Sets Ito V: 6 places of sampling on 6 m depth (so 90 samples)
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P ~15m > < < :~2,15m
~o i A B C D E F
1 s~
em W \‘Z :~0,85m
1 100 samples < p
W 3 Set VI : 5 places of sampling on 4 m depth (so 10 samples)
1
\ g
v g = 3 BN
1
~
AW 7 \
AN 7 7 SCIS 10 V : 3 PIaces of sampling on 6 M aepth (50 45 Samples)
L
/]
:/ ) 2 < <> :~375m Q(]/
) imai P
[ =d ,/ Z :~0,85m (-b
, 50 samples < - %
v v ("SetVI:2 places of sampling on 4 m dep, lace on 2 m (sq 5 samples)
il Q
‘N / < z 50 m
A AW ; &2
pd Al /
VA AW
VI %), 10 samples 3 places ofsa on 6 m depth (so 9 samples)
‘ : I 15m :
% ! 5m ! H
| T+
v IR T
O E=] f=]
N ™ i1 ’
A’\Q ------ E 2,5m :
xO
Figure 10.\—\6hlustration of sampling from silos
—| Table 10 summarises the @erent situations and sampling equipment.
—| Tables 11 to 13 summ the quantities sampled, homogenized, divided and ground, as yell as the
corresponding nec®ary times.
S°
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6.4.2 Results and conclusions

6.4.2.1 Sample analysis results

6.4.2.1.1 Results of the comparison tests involving 2 protocols

ISO/TR 29263:2021(E)

For each of the situations, the samples representing the regulatory and normative sampling methods
were subjected to Deoxynivalenol analyses (the content of other trichothecenes, TCT A and other TCT
B, were lower than methods’ detection limits).

Table 12 overview of the DON analysis results of the aggregate samples obtained from th
batches analysed

b different

Thiese results are also presented in graphical form (see Figure 11) for each type. of sampling: for
eath test conducted, the average DON values covered by the analytical measuring uncertginties are

=~

p

It ¢an be noted that the thresholds of the European regulation are adequately included in the

esented applicable to the two protocols.

values of

the¢ average contaminations of silos: the average values observed are within 477 and 3 461 pgb DON.

Tables 15 and 16 give the analytical results of the aggregate samples obtained from thd

batches analysed for protein and Hagberg of wheat; protein, promatest and zearalenone of co

different
rn.

Table 12 — Overview of the DON content measured on the‘aggregate samples obtained|from the
different batches analysed (1 on 2)

Results of DON analysis (ppb)
regulatory method normative method routine mgthod
} Sampling equip-
Reference t)l,i]zle of sam products |ment(Ma: manual Range Range Range
pme - Me : mechanical). javerage (average average |(average +/- |average (average
+/- uncer- : +/- uncer-
(ppb) tainty in (ppb) }mcertamty (ppb) tainty in
ppb) in ppb) ppb)
flopving grain ( by 500 t) AN
ay/c.pym|flowing
¢ a10 grain - exit |wheat se¢oop (manual) 3461 2967-3955(3569 3063-4075|3218 2751-3684
silo
alr 7 0) flowing
M (1) grain - exit |corn scoop (manual) 1154 920-1387 |1104 876-1331 (1197 959 -1435
silo
flowing
I(V(lzlﬂzlls) /M) grain - exit gorn scoop (manual) 1023 804 -1242 |1055 833-1277 |1007 791-1224
silo
flowing
I(VCI:ZM(IIS) /M) gpain¢ exit  |corn scoop (manual) 1001 785-1217 (1083 858-1308 |1080 855-1305
sile
R[F /10T flowing
(1) grain - exit |corn probe (manual) 1135 904-1367 |1154 921-1388 |[1274 1027-1521
train
Static - lorries
E{\'/[\I)/CGA}?OG lorry1/3  |wheat Eg?]%e(fnr;pnelf;?)etRe' 3167 2707-3628
&‘)’éi‘%m lorry 1/3 wheat 'é;ggfmsggnﬁfj)x 2983 2543-3423|2 802 2382-3221 2142 1797 - 2487
(LVv/G.P)C2 probe Tripette et Re- )
(M) G A10 lorry 2/3 wheat naud (manual) 1775 1471-2078
probe Tripette &
&‘)’éi‘%cz lorry2/3  |wheat Efé‘ll:v‘égr ,.r;}i‘;lf_i;‘i 1582 1300-1864|1753 1452-2054 |1267 1021 - 1513
(mechanical)
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Table 12 (continued)

Results of DON analysis (ppb)

regulatory method normative method routine method
) Sampling equip-
Reference t}l’il;e of sam products |ment (Ma:manual Range Range Range
piing - Me : mechanical) |average (average average |(average +/- |average (average
(ppb) +/- uncer- (ppb) uncertainty |(ppb) */- uncer-
tainty in in ppb) tainty in
ppb) ppb)
(ILV/G.P)C3 probe Tripette et Re- B
(M) C A10 lorry 3/3 wheat naud (manual) 1801 1495-2108
(LV/G.P)C3 “Fotpotrte-Grain - - —
(A) C A10 [lorry 373 wheat (mechanical) 1759 1458-2061|1884 1568-2200 1509 1235;:1782
€.c/T)cl probe by aspiration
(1)' lorry 1/4 Testermatic foss t14 674-1077 |880 678-1083 |864 663-10p4
corn (mechanical) 876
(C.C/T)C2 probe by aspiration
(1)' lorry 2/4 corn Testermatic foss t14 | 828 632-1025 |841 643-1039 |827 630-10p3
(mechanical)
(C.C/T)C3 probe by aspiration
(1)' lorry 3/4 corn Testermatic fosst14 | 864 663 -1065 (828 632 -1 025\ (838 641-10B6
(mechanical)
(C.C/T)Ca probe by aspiration
(1)' lorry 4/4 corn Testermatic foss t14 | 848 649 -1046 |854 654-1053 |836 638-10B3
(mechanical)
(RD/M)Clhorry1/1 |corn probe Tripette etRe- |4 ¢, 839-1285 1034 815-1255 |987 773 -12p2
(68} naud (manual)
(S/Vvp)cC1 probe Tripette et Re- ) ) .
) lorry 1/2 wheat naud (manual) 717 533-901 744 557-931 infLQ (285)
(S/VPYC2Hh v2/2  |wheat probeTripette etRe- | ;5 545-9%5 |808 614-1003 |1693 1399-1987
1) naud (manual)
(CAVS / M) lhorryne 173 |corn probe Tripette etRe- |1 ;3 9i1-1376 |1255 1010-1500 |1398 1137-1459
C1(1) naud (manual)
(CAVS / MYl oy ne2/3 | corn probe Tripette etRe- |y 14 928-1396 | 1428 1164-1692 |1309 1058-1 360
C2 (1) naud (manual)
(CAVS / M) lhorryn°3/3  |corn probe Tripette etRe- {3 534 951-1425 |1255 1011-1500 |1151 918-13B4
C3(1) naud (manual)
(CER / M) probe Tripette et Re- } ) )
H7 (C1) G 4 lorry 1/1 wheat naud (managl) 1371 1113-1628|1412 1150-1675 (1132 901-13p3
Flat or verticlal silos ( by 500Tor by lot) ('\V‘
(LV/G.P)SV probe by aspiration
(1') C K.23 vertical silo |wheat Agronet (mechani- |6 275 5463-7087(6978 6087 -7870 |7251 6329-8174
cal)
(LV/G.P)H1 probe by aspiration
C AlO ’ vertical silo |wheat Agronet (mechani-|2 038 1630-2446(2 064 1651-2477 [1994 1595-2393
cal)
... |477 (aver-
probe by aspiration .
(CER / M)}t silo wheat Agronet (mechani- |28€) ~ MMl 450 534|532 475-589 389 332- 44
H7C4 cal) 163 - max:
1480
Heterogeneity ot'suos -100
increments by silo
. probe by aspiration|see par-
(C.C/T)H8 Hete.rogenel.ty wheat Agronet (mechani-jlagraph
CA2 testin flatsilo
cal) A.2.1.2.
Heterogeneity probe by aspiration [see par-
EIIX{(?.P) H1 testinvertical | wheat Agronet (mechani-jlagraph
silo cal) A.2.1.2.
. probe by aspiration [see par-
1({C7ECR4/ M) iztteirr??]?tl?ﬁz wheat Agronet (mechani-lagraph
cal) A.2.1.2.
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Comparison of 3 sampling plans 3 static silos

Key A\Q

X | sampling plans on 3 static lorries : regulgt\@l - normative - routine
Y | concentration DON (ppb) N~

1 | average C}\o

2 | minimum .

3 | maximum O®

4 | regulatory O

5 | normative ON

6 N

routine %

© IS0 2021 - All rights reserved 35


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

ISO/TR 29263:2021(E)

Comparison of 3 sampling plans Static sampling in lorries
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Comparison of 3 sampling plans Static sampling in lorries
Y
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2000
1500
7
{ .
. O
1000 * — 3
O . ¢ IS FIK NS » Q‘ ‘4
3 'S 3 . & o 5
o \
L | " ] - mm <>| ¢ 6
500 . '\\%
2 @)
N
0 N,
0 5 10 15 20 25 30 X
<)
Key
X | sampling plans on 14 static lorries : regulatery - normative - routine
Y | concentration DON (ppb)
1 | average
2 | minimum
3 | maximum
4 | regulatory
5 | normative
6 | routine
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Figure 11 — Sampling results for 3 protocols (DON analysis)
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Table 13 — Overview of the other analyses measured on the aggregate samples obtained from

the different batches analyzed (1 of 2)

analysis results Protéines | analysis results Hagberg|analysisresults Promatest|analysis results
(%MS - N*6,25) (on wheat) (on corn) zéaralénone (on corn)
Sam- accord- |accord- |accord- |accord- | accord- | accord- |accord- | ac- accord- |ac- Ac- ?ocl:—din
Refer- |Type of prod- |pling |ing ing ing ing ing ing ing cor-ding | ing cor-ding | cor-ding routin§
en-ce |sampling |ucts equip- |regu- |stand- |routine |regu- |stand- |routine |regu- |stand- |routine |regu- |stan- me-
ment |la-tion |ard method |la-tion |ard method |la-tion |ard method |la-tion |dard thod
aver- |aver- |aver- |aver- |aver- |aver- |aver- |aver- |aver- |ave- ave- ave-
age age age age age age age age age ra-ge |ra-ge |ra-ge
floving grain ( by 500 t) A
A
gi‘;]\éﬂowing Q(]/
(1 C grain - exit| wheat |manual | 11,28 | 11,25 | 11,28 352 339 356 (]/
Al silo (5 R
C
@af/0) flowing (]}'
M. ) grain - exit| corn |[manual| 8,82 8,81 8,85 17,7 24,0 ,]9 207 116 144
silo
cdvs /|flowing 4&:5‘
rain - exit| corn |manua , B A , )
M)l M1|g 1| 9,01 9,03 8,96 14,6 31 16,3 238 302 335
(€8] silo
C4vs /[flowing \(13
rain - exit| corn |manua § , B ) ) )
M)| M2 |grai i 1| 8,87 8,86 8,83 5 15,6 16,3 112 209 154
(@) silo O
Va
®RF/1) flowing Y
) grain - exit| corn |manual| 8,56 8,54 8,57 Q 26,3 25,0 26,3 <40 2 <40
TP train ‘Q
N
2N
Staftic - lorries 0’\
apy / N
(G]V}l% C(l; lorry 1/3 | wheat | manual @
Al \\2)
apy -
G.H) 1|, me- \?
(A C orry 1/3 wheat charln— 11,39 11,3(7\)1~1 ,34 357 347 334
ca
Al A\
al N
?er% Cé lorry 2/3 wheat | manual @ N
AL o
a7/ L7
E'AP) Cé lorry 2/3 wheat ﬁc@i-’ 11,42 | 11,38 | 11,40 348 367 356
Al ﬁ\';f
al 2l
?NH C(3; lorry 3/3 <2&at manual
Al /'\?~
ap /o me-
?A” C;'l% /3 wheat | chani- | 11,38 | 11,34 | 11,39 337 354 335
A N cal
(cc/m) 1 1/4 }[1“_' 9,08 9,24 9,08 14,0 15,3 14,6 40 40 40
¢ orry 1/: corn | c arlu— E E B ) , ) < < <
ca
(cc/m) 1 2/4 qune_' 9,23 9,19 9,15 14,6 14,4 13,5 40 40 40
c2 (D) orry 2/: corn | c arlu- i i A ) g , < < <
ca
(cc/m 1 3/4 }rlne-' 9,17 9,18 9,14 13,5 14,0 14,9 40 40 40
c3() orry 3/ corn | c arlu- E X X , . . < < <
ca
(c.cy/ me-
T)C4 | lorry4/4 | corn | chani- | 9,16 9,08 9,13 14,0 13,2 13,2 <40 <40 <40
(€8] cal
(R.D/
orr corn |manua , , § § < , <
M)C | lorry1/1 1| 9,35 9,45 9,51 11,4 10 11,8 40 107 89
&)
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Table 13 (continued)

analysis results Protéines | analysis results Hagberg|analysisresults Promatestjanalysis results
(%MS - N*6,25) (on wheat) (on corn) zéaralénone (on corn)
Sam- accord- |accord- |accord- |accord- [accord- [accord- |accord- |ac- accord- |ac- Ac- AC'_d.
Refer- |Type of prod- |pling |ing ing ing ing ing ing ing cor-ding | ing cor-ding | cor-ding cortllng
en-ce sampling |ucts equip- |regu- |stand- |routine |regu- |stand- |routine |regu- |stand- |routine |regu- [stan- rou_ ne
ment |la-tion |ard method |la-tion |ard method |la-tion |ard method |la-tion |dard ‘?Illf)d
aver- |aver- |aver- |aver- |aver- |aver- |aver- |aver- |aver- |ave- ave- ave-
age age age age age age age age age ra-ge |[ra-ge |ra-ge
S/
V.P) C1 | lorpyd/f2—rwheat—rrratre F— A6 Caac S84 =5
(1
S/
V.P)C2 | lorfy2/2 | wheat |manual| 11,02 | 11,05 | 10,98 391 377 398
©)
cavs | Lo o
/M) C1 ° l/y3 corn |[manual| 8,94 8,91 8,92 14,9 15,9 16,8 216 217 206
)
(cavs | | .
/mycz| ° r/y3“ corn |manual| 8,88 | 892 | 896 14,2 | 144 | 1515 199 173 17f
©) [
(cavs | | .
/Myc3| ° r/y3n corn |manual| 9,03 | 894 | 9,01 149 | 168+ 149 | 215 76 33f
(1
(CER/
M)H7 |
1) orfy 1/1 | wheat | manual| 10,11 10,17 10,25 249 254 247
C4
Flat or vertical silos ( by SOOI(’)I\@' l:)t)
(Lv/ . me-
GPISV/| veftical | \peat | chani- | 11,05 | 11,09 | 11,06 | 356 | 380 | 344
0 | T
(Lv/ - me-
GP)H1| V¢ .tllcal wheat | chani-
CA10 to cal
(CER/ me-
M) H7 flqt silo | wheat | chani-
C4 cal
6.4.2.1.2 | Results of the heterogeneity analyses
For the 3 $ilos studied, the-100 individual samples were analysed separately.
For 2 of the 3 silos, the DON analyses were completed with protein (nitrogen) and Hagberg analydes.
The Table|A6 gives the averages and characteristics statistics obtained by averaging the 100 individpal
samples off each batch.
Table 14 — Ivi fth Ir nal n n differen h
Silo
silo (C.C/T) H8 CA2 Silo (LV/G.P) H1 CA10) | CER/M) H7
C4
Nitro- | DON
DON (Kit) | Moisture | Hagberg| gen (kit) | Hagberg | Nitrogen | DON (kit)
Average 1613 11,25 317,02 11,61 1998 | 349,82 11,61 477
min 211 10,43 276 11,21 1006 321 11,3 163
max 5355 12,39 364 12,13 3376 376 12,0 1480
Standard deviation 1223 0,36 15,35 0,21 650 11,76 0,15 263
confidence interval 240 0,07 3,01 0,04 127 2,31 0,03 51
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Table 14 (continued)
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Silo
silo (C.C/T) H8 CA2 Silo (LV/G.P) H1 CA10) | CER/M) H7
C4
Nitro- | DON
DON (Kit) | Moisture | Hagberg| gen (kit) | Hagberg | Nitrogen | DON (Kkit)
relative standard de-
viation 75,8 3,17 4,84 1,84 32,5 3,36 1,27 55,1
6.4.2.2 Statistical validation
6.4.2.2.1 Results of comparison tests involving 3 sampling plans
6.4.2.2.1.1 Results of comparison tests involving 3 protocols for DON
The protocol for comparing results underwent the student’s t-test for comparing averagg¢s (paired
obpervations) between regulatory protocol and normative protocol and\between regulatory protocol
anfl routine protocol.
Table 15 — Comparison for the 3 protocols for DON
Flowing Static - Static - Coml_)med
. . . all situa-
grain lorries silos .
tions
Regulato- | Regulato- | Regulato- | Regulato- | Regulato- | Regulato- | Regulato- | Regulato-
ry versus | ry versus | ry versus | ry versus | ry versus | ry versus | ry versus | 'y versus
normative| routine |normative| routine |normative| routine |normative| [routine
Nym. repe- 5 5 14 13 3 3 22 21
titfions
Avlerage -38 0 248 34 -261 -281 75 -19
difference @
Prjobability | 0,23 (NS) | 0,99 (NS)-|0,12 (NS) | 0,76 (NS) | 0,36 (NS) | 0,50 (NS) | 0,05 (NS) | P,82 (NS)
aspociat-
ed with
sthident’s
t-test
a | Average difference;'average of the differences of average DON content obtained by applying two protocols.
6.4.2.2.1.2 Amnalysis of the statistical test results
In [this statistical analysis of the results, we are interested in determining whether th¢re was a
mdaningful difference between the result groups taken in pairs, obtained by the applicatjon of the
regrulatory protocol / normatlve protocol and regulatory protocol / routine protocol in other words,

wodify the

evaluatlon of the average mycotoxm content of the sampled batch The Student S t- test can be used to
measure the gap between 2 groups: this statistic is essentially the difference of the averages, divided by
a value that takes into account the variance of the 2 groups. The calculated probabilities are compared
with the chosen signification threshold, namely 0,05 (or 5 %).

taken in pairs.

same estimation of average mycotoxin content of a batch as the regulatory protocol.

© IS0 2021 - All rights reserved
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We can draw the conclusion that the alternative protocols (normative and routine) results in the
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6.4.2.2.1.3 Results of the sampling method comparison tests: manual and automatic

Table 16 — Results of the comparison between methods (student’s t-test, paired observations)

manual vs automatic sampling
Num of repetitions 3
Average difference 140
probability 0,10 (NS)

Here a ai A thara 1o o ottt ool cagnafiaant Aiffnr o
gaip-theredsnostatistHealysigniteant-ditferenee:

6.4.2.2.1.44 Results of comparison tests involving 2 protocols for the other analyses

The applifation of the statistical tests for wheat (protein and Hagberg) and for maize(fprotein and
promatest) concluded that there was no significant difference between the regulatoryprotocol and the
normativ¢ protocol when estimating:

— the nitrogen content of a batch of wheat;
— Hagberg falling number of a batch of wheat;
— the nitrogen content of a batch of maize;

— promptest of a batch of maize.
6.4.2.2.2 | Heterogeneity test results

6.4.2.2.2.1 Descriptive statistics

The DON [ontent of the silos presents very different variability characteristics depending on the dilo
(see table|20).

Table 17 — Variability between silos — Heterogeneity tests

Silo CC/T H8.CA2 Silo IV/GP H1 CA10 Silo CER/M H7 C4
n 100 100 100
average 1613 1998 477
Min 211 1006 163
Max 5355 3376 1480
Standard ¢leviation 1223 650 263
Confidencp interval 240 127 51
relative stpndard-deviation 75,8 32,5 55,1

The 3 silds have different average contents and variability. The higher the silo’s average content, the
greater its variability. However, the low number of silos observed precludes this relationship from
being modelled.

6.4.2.2.2.2 Intra-silo variability study

In the estimation of a silo average, the variability percentage linked to technical errors (under-sampling
+ analytical error) cannot be reduced, i.e. it will not decrease even if the number of samples is increased.

The variation coefficient of this error is estimated at 20 % for DON. However, the variability connected
with the sampling will decrease with the number of samples taken.

By means of simulation it is thus possible to calculate, for each silo, the change in terms of variability
linked to the sampling, depending on the sample size.
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For the three silos sampled, the relationship between the confidence interval of the silo’s average
content and the number of samples is as follows.

NOTE This confidence interval takes into account the total variability which is the variability due to the
sampling and the analysis of the samples.

Table 18 — Relationship between confidence interval of the silo’s average content and the
number of individual samples taken in each silo

Number of increments or

individual samunles
r

Silo (C.C/T) H8 CA2 silo (L.V/G.P) H1 CA10 Silo (CER/M) H7 C4

10 758 403 163
25 479 255 103
50 339 180 73
100 240 127 52

Forl a similar number of samples, the confidence intervals are different depending on the characteristics
of the silos studied. However, it can be observed that when the number of samples exceeds 25, the gain
in pccuracy becomes prohibitive with reference to the sampling effort (technical, human and|financial)
that this would require.

It |s important to observe that the variability due solely to sampling is lower than or eqpal to the
vafiability of the actual analysis, for a number of samplings¥arying between 10 and 25, depending on
the silo studied.

Table 19 — Relationship between analytical and sampling variability and the number of
individual samples.taken in each silo

silo(C.c/TyHg caz | MO (MV/GPY B g1 (cER /M) 17 ca
Analytical variability 323 400 9%
Sampling variability >= Analytical variability 25 10 ot
f:ﬁnumber of increments) i

6.4.2.2.2.3 Analysis of the statistical test results

simulation of the(calculation of a confidence interval depending on a theoretical qumber of
samples leads to an.éstimation of the variability due to sampling being lower or equal to that of the
anplytical variability)for, on average, a sampling plan of 10 to 25 samples depending on the avlerage and
heterogeneity of;the silo.

6.4.2.2.2.4.> JError risk study

objective of this part is to attempt to evaluate the estimated error of mycotoxin contamination
depending on the number of samples taken per 500 t silo, with reference to the results obtained by the
regulatory protocol (100 samples by 500t).

For this, we have conducted a simulation of 10,000 samples taken at random from the silo "population”
of the 100 individual samples (for the 3 silos).

The method was the following one: we randomly extract 25 samples from the 100; we calculate the
average. We compare the average of these 25 samples with that of 100 samples. We run 10,000 trials.
We thus obtain 10,000 differences. Then, we calculate the average of the 10, 000 differences to have an
idea of the average distance between 25 and 100.

Finally, we return this average error of sampling in % with respect to the mean content of the
100 samples. This “simulation” was run for 5, 10, 15, 20 ...... 95, 100 samples.
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Curves thus represent a risk of supplementary error with regard to 100 (because we do not know the
true mean content of the silo).

6.3.2.2.2.3.1 Error risk study on the estimation of average content of silos

Key
X
Y

The resulf
of the me:
between }

riskisinc

44

numb
risk to

for m

for DON

DON model - Heterogeneity

y =-0.033In(x) + 0.1562
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Figure 12 — Error risk on the estimation %ﬁrage content of DON in 3 silos

R
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Figure 13 — Error risk on the estimation of average content of moisture in 1 silo

The results show that for 5 individual samples taken in a silo of 500 t, the risk of having an estimation of
the mean content of the silo different from the one that we would have with 100 samples is lower than

1,

%; for 25 elementary samples, the risk is about 0,4 %

Ke

Th
thg
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Figure 14 — Error risk on the estimation of average content of falling number in 2

e results show(that for 5 individual samples taken in a silo of 500 t, the risk of having an est
e mean content of the silo different from the one that we would have with 100 samples is |
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for nitrogen (on 2 silos : CC/T H8 CA2 and IV/GP H1 CA10)

Y
0,
1.8% R y= <%od’5Ln(x) +0,0238
1,6 % \ RE=0,9822
1,4 % \ 3% =-0,0034Ln(x) + 0,0162
1,2% A S R?=0,9826
Lo AN <
Q
0% |— <
y 0 \ \\\
0,6 % ' >
) ‘\.\\ 2 —e— CCA2 (317)
0,4 % — e, % —=— IVCA (349,8)
0,2 % = =3 Log (CCA2 (317))
0% . . | '\\6 _ ' Log (IVCA (349,8))
0 10 20 30 40 50.(60 70 80 90 100 X
y

silos

mation of
bwer than

© IS0 2021 - All rights reserved

45


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

ISO/TR 29263:2021(E)

Nitrogen
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Flgure 15 — Error risk on the estimation of average content of nitrogen in 2 silos

The results show that for 5 elementary samples takendn a silo of 500 t, the risk of having an estimatjon
of the mefpn content of the silo different from the one that we would have with 100 samples is lower
than 0,7 %; for 25 elementary samples, the risk isJower than 0,3 %.

6.3.2.2.2{3.2 Modelling of the risk of errerto accept wrongly a contaminated lot (in reference to
the legal threshold of 1 250 ppb for wheat)

The same|operation was performed-buit with the aim of evaluating the risk to accept a lot within the
real averdge of the silo is above 1250 ppb (for DON).
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0,2 %

0,15 %
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Figure 16 — Modelling of the error risk to accept wrongly a contaminated lot for 2(silos

In [the case of silo CC/T H8 CA2\(“CCA2” in graph), with 5 individual samples taken in the 500 t batch,
the simulation of 10 000 samples shows that we would have a risk of 25 % of accepting the lof while the
redql average of the silo is.above 1 250 ppb. For 20 samples, the risk will be about 6 % and for 25 samples,
th¢ risk will be 4 %.

For IV/GP H1 CA10,(“IVCA” in graph), the risk is very low due to the fact that the level of conthmination
is far from 1 250-ppb.

6.4.2.3 <Study A conclusions

plying the two protocols showed an equivalent estimation of the average content of DON] nitrogen,
istareandfatinsnumbercontaminatt atek eats-given-thearalyH reertainties.

As a result, implementing a sampling protocol based on a lower but sufficient number of samplings
from a batch does not lead to an underestimation of the average mycotoxin content of this batch.

Consequently, using the regulatory protocols incurs unjustified costs.

To illustrate this point, applying the 2 protocols for a horizontal 10 000 t silo (per 500 t section) enabled
the cost of the following sampling to be estimated:

— regulatory protocol: € 10,300 euros representing 470 h sampling, in other words 67 d;

— standard protocol: € 4,000 euros representing 185 h sampling, in other words 26,5 d.

© IS0 2021 - All rights reserved 47


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

ISO/TR 29263:2021(E)

6.5 Study B : silos of corn - Fusariotoxins; flowing grains

6.5.1 Organising field tests

6.5.1.1 Conducting tests

6.5.1.1.1 Setting up the tests

Identification of silos with contamination levels very different;

Selection of 10 vertical silos of corn; sampling of moving grain; same sampling plan;

4 siloy sampled on 500 t; 1 silo for 625 t; 3 silos for 1 000 t; 1 silo for 1 250 t; 1 silo for 1 500°t.

Table 20 — Characteristics of the tests conducted

Silo Silo Silo Silo Silo Silo Silo Silo <2_ %Silo Silo
06-01 06-02 06-03 06-04 06-05 06-06 07-01 07-’()\A " 07-03 07-04
Type of corn|| Waxy yoaji Waxy MC;’{;SS?:ZX Cll;/[sas'i:A lgdoa:f( Mais Roux 5 Starch. Maize mills
Initial Quan (5\
tity of thesilg| 10500 8000 3400 4500 6000 13200 5 OOQ 4000 4500 1092
© Q
Cell diaméte 26 18 17 17,5 17,8 33 12
(m) (conical) | (flatsilo) | (conical) (conical) | (conical) | (flatsilo) | “\[(flat silo)
Cleaning be Purifier | Purifier No Cleaner Cleaner eEl_e;l:-_ CleanerMA-
fore drying CESBRON | MAROT P ROT
arator
Cooling be
fore storage Dry Dry No No No Dry No No No No
Eif)lri ventila Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Gr_am han Yes No No No No Yes Yes No No No
dling
T s Conti-nu- | Conti-nu- | Conti-nu- | Iter-mit- | Inter-mit- | Inter-mit- . Conti-nu- Conti-nu- Conti-nfi-
ype offillin ous ous ous tent tent tent Conti-nuous ous ous ous
Nomber of ex
tractions 12 ) 2 ) 450 ) ) 1 1
Remaining Ay
3830 2900 0_2400 1800 650 3000 5000 2800 2800 1092
stock (t) (n_.\
Quantity v
. 500 1 1000 500 625 1250 1500 1000 500 500
studied (t)
<O?~ Sa;rg);irng Sampling
Remarks e. . after tran-
transi- -
,(?” lage §

6.5.1.1.2 Method applied

48

The samples were taken on a single lot in a continuous discharge, every 15 t to 20 t (in response to
situations of filling trucks).

For the silo 07-01, a first set of samples was done every 20 t and a 2nd series every 5 t and finally a
3rd series again every 20 t.

25 samples per 500 t were made on samples leaving the silo, (after passage of 4 t to 5 t) and after
stabilization of flow. In the case of silo 07-01, the 1st series consists of 25 samples, the 2nd 100 and
3rd in 25.

Each individual sample had a mass of 750 to 1 000 g of grain.
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Table 21 — Sampling organisation

Silo Silo Silo Silo Silo Silo Silo Silo Silo Silo
06-01 | 06-02 | 06-03 | 06-04 | 06-05 | 06-06 | 07-01 | 07-02 | 07-03 07-04
reddler |reddler|reddler |reddler |reddler|reddler|reddler|reddler| Rubber | reddler
Type of handling under | under | under | under | under | under | under | under | carrier | under
cell cell cell cell cell cell cell cell belt cell
_ bucket bucket | bucket | bucket | bucket | bucket | bucket | bucket bucket | bucket
Type of pickup eleva- | eleva- | eleva- | eleva- | eleva- | eleva- | eleva-
elevator elevator | elevator
tor tor tor tor tor tor tor
Trpnsfer rate(t/h) 220 320 320 80 150 50 40-80 300 300 100
Weighing Yes No No Yes Yes Yes No
Qyantity studied (t)| 500 1000 | 1000 625 525 1250 | 1500 | 1000 500 500
T J
N OrGEhEl o 50 | 50 | 25 | 21 | 50 | 150 g}?’ 25 25
samples R
Interval between| »q | 55¢ | 20¢ | 25¢ | 25t | 25t |5t206p-20t | 20t 20t
inflividual samples

6.3.1.2 Sample analyses and study of reducing the size of samples
—| Allindividual samples were stored in cold storage before being analysed.

—| An average sample was made up for each lot and analysed to ensure the level of contamination. To
do this, an aliquot of the individual sample was takenfrom the divider Boerner, the other part was
retained for subsequent analysis.

—| The analysis of fumonisins, zearalenone, deoxynivalenol were performed by a laboratoryaccording
to the following standards:

— determination of fumonisins Bl-~and B2 in corn. Purification by HPLC with sqlid phase
extraction - EN 13585;

— determination of zearalengne by chromatography with immunoaffinity column and HPLC - Draft
IS0 17372;

— determination of déoxynivalenol in wheat and maize - HPLC assay method followed by UV
detection and purification on immunoaffinity column - Draft CEN/TC 275/ WG 5 "Bigtoxins"

—| Individual samplés)submitted to analysis were pre-crushed to 1 mm and then ground to p,5 mm.

—| A study of reducing the mass of the sample for the laboratory have been conducted on 2 gamples of
corn for fumonisin test and 2 samples of wheat for DON test. The 20 kg of the initial samples have
been splitted to obtain final samples of grain of 500 g.

6.3.2/5 Results and conclusions

6.5.2.1 Sample analysis results

6.5.2.1.1 Results of the average samples
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Table 22 — Results of average content of silos in fumonisins, zearalenone and deoxynivalenol

Silo Silo Silo Silo Silo Silo

06-01|  06-02 06-03 |06-04| 06-05| 6-06
Quantity studied (t) 500 1000 1000 500 525 1250
Number of series 1 2 2 1 1 2
Quantity of each serie (t) 500 500 500 500 500 500 525 625 | 625
Number of individual samples 25 25 25 25 25 25 21 21 25
Frequency of sampling (1) 20 20 20 20 20 20 25 25 25
Average sgmple in Fumonisins (ppb) 1311|2154 | 1709 | 2237 | 3124 | 4236 | 699 |3265 4"9.42
Calculated|average content of the silo (from QY
individualsamples) in 1889 | 1753|1598 (2638|2892 | 6533 k‘i‘;; ,rg;lz’ 1887
Fumonisins (ppb) o o

Silo silg_ )\ | silo | silo
07-01 97\0(& 07-03 | 07-04

Quantity qtudied (t) 1500 1000 500 500
Number of series 4 2 1 1
Quantity qf each serie (t) 500 250 250 500 500 500 500 500
Number of individual samples 25 50 50 25 25 25 25 25
Frequency of sampling rate (t)t 20 5 5 20 20 20 20 20
Average sample in Fumonisins (ppb) 5698 | 5258 | 4581 | 5180 | 384 477 - -
Calculatefl average content of the silo \\Q)‘
(from ind:lvidual samples) in 7422 | 7 16\‘ 6637 | 7724 | 502 - - -
Fumonisins (ppb) x$
Average sample in Zéaralénone (ppb) - - - - 338 484 non 113
Calculatefl average content of the silo| - e
(from individual samples) in Q\& ’ 371 428 683 139
Zéaralénope (ppb) ('p
Average sample in Déoxynivaléngl(ppb) - - - - 2492 | 2324 - -
Calculatefl average conten si.’ﬂ?e silo
(from individual samples@ - - - - 2779 | 2486 - -
Déoxynivdlénol (ppb) ‘\Q"

50
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6.5.2.1.2 Evolution of mycotoxin content during flowing of grains

6.5.2.1.2.1 Results for Fumonisins

a)
Silo : 500 t; 25 samples Silo 06-01 - Distribution
. .. B1 + B2
Average content in Fumonisins 6 000
(ppb): .
BI—1 2897 B276007B1+B2 > 000
1ka9 4000 o y
3000 *
2000 ., ® e
ookttt Lt e eead, ]
S B 1 B —
1 5 10 15 20 25X
b)
Silo: 1 000 t; 50 samples Silo 06-02 - Distribution
. .. B1 + B2
Ayerage content in Fumonisins
( b)' 4500 —\F
F’[P : 4000
1sf serie (1 to 25 samples) B1 : 2388 *
1¢72; 2500 SN M
B2 :481; B1+B2: 1753 2 e e e
25l serie (26 to 50 samples) B1 1 288 . ..‘ S
:11170; B2 : 429; B1+B2 : 1 598 0
1 10 20 30 40 50 X
c)
Silo: 1 000 t; 50 samples Silo 06-03 - Distribution
. .. B1 + B2
Ayerage content in Fumonisins ppb
(ppb): 8000
14t serie (1 to 25 samples) Bt": 7000 *
1828; B2:810; B1+B2:2 638 6000 R
_ 5000 s
29d serie (26 to 50,samples) B1 4000 A . e .
:2]1002 ; B2:890:;B1+B2:2 892 3000 toss*—5s e“:, . IO
2 000 . * o N 0"’ ‘% o ‘0
10001t ‘ ‘s,
0 —
1 10 20 30 40 50 X
d)
Silo: 500 t; 25 samples Silo 06-04 - Distribution
. .. B1 + B2
Average content in Fumonisins 14,000
b):
(Ppb) 12000 *
B1:4504;B2:2029; B1+B2: 10 000 -
6533 80001 > ———o—* o2
6000 e el
4000 * — + *
PS *
2000
0
1 5 10 15 20 25 X
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e)
Silo: 1 000 t; 50 samples Silo 06-06 - Distribution
. .. B1 + B2
Average content in Fumonisins ppb
(ppb): 7 000 -
1st serie (1 to 25 samples) B1 : 6000
1228; B2:494; B1+B2:1 722 5000
2sd serie (26 to 50 samples) B1 40001+ . .
:1313; B2 ;; B1+B2 : 1 887 3000 . e . :
2 000 Fe——2 o v oo o ..'o . e
1000 .. -5 .o . T hd TR
0
1 10 20 30 40 50-X
f)
Silo 07-01 : 1 500 t; 150 samples
Average dontent in Fumonisins (ppb):
1st serie [1 to 25 samples) B1+B2 : 7 422
2sd serie|(26 to 50 samples) B1+B2 : 7 875 (51 to 75 samples) B1+B2 : 6 496
3sd serie|(76 to 100 samples) B1+B2 : 7 183 (101 to 125 samples) B1+B2 : 6 092
4th serie|(126 to 150 samples) B1+B2: 7 724
Silo 07-01 - Distribution
B1h B2
ppb
16 000
%
14 000
12 000 . *
10 000 —* - . . A
§ OOO—MA‘—’.‘o—’%’.:.’—oT:m‘Lé
4 000 T SR TR OISR S - AN T
fM—‘—‘—Q—W—Q—‘—‘—W—‘—%
4000 M "‘ O\ ”’0 ”o ’: *e° ”"“v‘o ’e‘ :
2000
0
1 30 60 90 120 149 X
g)
Silo : 1 0Q0 t; 50samples
Average ¢ontent in Fumonisins (ppb):
1st serie (T to 25 samples] BT : 381; BZ: 1/9; BI+BZ: 560
2sd serie (26 to 50 samples) B1 :297 ; B2:147; B1+B2 : 444
Silo 07-02- Distribution
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B1 + B2
ppb
12 000 - o
°
10 000 )
8000 { 2 *
Py 3 o . ‘.
@ Y >
6 000 . " & @ o . . . oY o
&
400045 S e e ., e s eTere s -
2000 1 )
0 D W E—— -
1 10 20 30 40 50 X
Key
X | N°echantillon
Figure 17 — Evolution of fumonisins during flowing of grains
6.3.2.1.2.2 Results for Zearalenone (ZEA)
a)
Silo: 1000 t; 50 samples Silo 07-02 - Distribution
Average content in Zearalenone Y
(ppb): 800
- _ 700 o
14t serie (1 to 25 samples) : 371 600l .
24d serie (26 to 50 samples) : 428 500 R * PR N
400+ 2—————- ’_:___’_“_‘___‘_._’____01 _______
300 "00“‘ .o "’ . “ . " ¢ IS4
200 + o
100
0
1 10 20 30 40 50 X
b)
Silo: 500 t; 25 samp]es Silo 07-03 - Distribution
Average contentin Zearalenone Y
2400
(ppb): .
1 serie (I-to 25 1 683 2009
serie (1-to 25 samples) : 1 600
1200 * *
€ e *
N e e — e ———
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Figure 18 — Evolution of zearalenone during flowing of grains

6.5.2.1.2.8 Results for deoxynivalenol (DON)
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Figure 19 — Evolution of DON during flowing of grains

6.5.2.2 Statistical validation
6.5.2.2.1 Fumonisins

6.5.2.2.1.1 Descriptive statistics

The 7 silos have average grades and variability of very different (see Table 26). The mean levels vary
from 502 ppb to 7 132 ppb. The standard deviations ranged from 230 ppb to 2 387 ppb.
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Table 23 — Descriptive statistics for fumonisins

06-03 06-01 06-04 06-06 06-02 07-01 07-02
Number of indi- 50 25 25 49 50 150 50
vidual samples
average 2765 1889 6533 1803 1675 7132 502
min 723 928 2780 539 495 3378 0
max 7178 5439 13120 6530 4064 15199 1140
variance 1,403,892 | 1,121,961 | 5,696,655 1,201,553 546,862 4,096,068 53,077
ZE ‘;?ard devi- 1185 1059 2387 1096 740 2024 230
refative standard| 4, 56,1 36,5 60,8 44,1 284 459
deviation
Thiere is a link between the variability of a silo and its average content: the higher the average level of
the silo, the greater its variability is large (see Figure 20).
Thiis type of relationship has been observed with other mycotoxins and-other crops in the silo but also
in the field (see review on DON and libraries).
Y
6 000 000 .
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4000 000 *
3000000
2000000
.
1000 000 A
2
0 +e ; ‘ ‘
0 2000 4000 6000 8000 X
Key
X | average level
Y | variance
Figure 20 — Relationship variance — Mean
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Figure 21 — Relationship Cy, - average

Conversely, the relative variability (C}) appears to be relatively independent of the average, wjth
average C}, of around 45 % (see Figure 21).

6.4.2.2.1.1.1 Distribution histograms
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Figure 22 — Distribution histograms for fumonisins
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Histograms of the levels of fumonisin (Figure 22 g)) showed asymmetric distributions, with sometimes
very strong values.

6.4.2.2.1.1.2 Temporal distribution and variograms

Figures 20 to 26 show the temporal distribution and variograms of fumonisin levels for each silo
(fumonisin levels in relation with the number of individual samples to determine the existing structure.

We can see that the fumonisin content is structured temporally if 2 close samples are more similar than
2 distant samples. Conversely we can see that the structure is erratic (irregular) if the observed values,

when one

moves along the axis of time, are the result of random.

The Variokram is a measure of variability between two observations based on the distance h bétwg
them. If the content is structured temporally fumonisins, 2 points closer are more alike tham2-poi

away, the
low value

Conventid

variability between these observations is low. Therefore the value of the variogram is low
b of h, it increases when the distance between observations increases.

nally, a variogram is bounded, that is to say that from a certain distance (= the scope), 1

value of the variogram stabilizes to reach a limit. The scope is interpreted as the zot€ of influence off

observati
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Figure 23 — Temporal distribution and variogram

The observation of variograms shows'that the temporal distributions of the fumonisin content is not

clearly stjuctured, under the scale 6f'the study, for the first 5 bins (the shape of the variogram is flat).

The valuep are randomly distributed (as opposed to what was observed on DON in wheat).

— The sjlo 07-01 has a slight temporal structure. It is probably partly due to the fact that the 26| to
125 spmples were collected every 5 t instead of every 20 t as in the other silos. In this case, a wgak
correlation appears between samples.

— The sllo 07-02:presents a clearer temporal structure, but this is mainly due to samples 19 to 22.

In concludion, fumonisin content shows no or very little temporal structure, at the scale studied.

6.5.2.2.1.2 Error estimation of the average of a lot

6.4.2.2.1.2.1 Decomposition of variability

The variability of values observed in a silo is the result of two sources: sampling variability and analysis
variability (technical error or repeatability). Since we had 2 tests per sample, we were able to estimate

these two sources of variability. The results are given in Table 27.
Table 24 — Estimation of sampling variances and repeatability
06-03 06-01 06-04 06-06 06-02 |07-01 07-02
Number of individual samples 50 25 25 49 50 150 50
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Table 24 (continued)
06-03 06-01 06-04 06-06 06-02 |07-01 07-02
average 2765 1889 6533 1803 1675 |7132 502
variance (repetability) 12 045 10 242 166 474 |4 143 6559 46732 418
Standard deviation (repetability) 110 101 408 64 81 216 20
relative standard deviation (repetability) | 4,0 54 6,2 3,6 4,8 3,0 4,1
vajriance (sampling error) 1393382|1116839|5613418|1199481|543582|40727Pp2|52 868
Standard deviation (sampling error) 1180 1057 2369 1095 737 20018 230
relative standard deviation (sampling error) | 42,7 559 36,3 60,7 44,0 28,3 45,8
Agpin the 7 bins have very different variability, both for the sampling varianceZand for the variance of
repeatability. We can deduce from the results that as greater is the average content of a silo, ps greater
is the associated variability (see Figure 24 for the sampling variance and<figure 25 for the variance of
repeatability).
Y
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Figure 24 — Relationship between sampling variance and average
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Figure 25 — Relationship between variance of repeatability and average
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For cons, the relative variability (C}) appears to be relatively independent of the average. The average
Cy for sampling is around 45 % (see Figure 26), and the average Cy, for repeatability is around 4,5 % (see

Figure 27).
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Figure 26 — Relationship between (), of sampling and average
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Figure 27 — Relationship between C}, of repeatability and average

6.4.2.2.1.2.2 Variance of the average

The fact of working on a composite sample, whose result from the mixing of all individual samples, is
equivalent to the average of all individual values. However, in estimating the mean of a silo, a single
analysis is performed and therefore the part of variability due to technical errors is incompressible,
that is to say that this technical errors will not diminish even if we increase the number of samples. By
cons, the variability related to sampling will decrease with the number of samples taken.
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If Gg is the variance of the sampling error, and Gtz is the variance of the analysis error (= variance of

repeatability), then the variance of one observation is:

02 =02 +02
X e t

)

The Formula (1) shows that the observed error on one value is the sum of 2 sources of error: sampling

and analysis errors.

When we work on a composite sample obtained from n individual samples, the variance is given by the

variance of an average:

2
0l=—2+40?
X n
1 2
Key
part 1
part 2

Figure 28 — Decomposition of the average of the observed error

Thie Formula (2) shows that the error observed en an average can be decomposed into two
paft due to sampling errors (part 1) and one part due to analysis error (part 2).

Thle part due to sampling errors can be reduced if we increase the number of individual sam
By|cons, the part due to analysis errordsiincompressible. It is interesting to calculate the rati

the variance of technical errors and-the variance of sampling errors:

o2
_€

n
Bult what value does ittake for O't2 ?

Thie calculation(sf'the technical variance on the 7 silos led to a repeatability Cy, of about 5 %.

We therefore consider the following 3 hypotheses for the variability of technical errors :
— an optimistic scenario with a CVT of 10 %;
— arealistic scenario with a CVT of 20 %;

— apessimistic scenario with a CVT of 30 %.

(2)

barts: one

ples (= n).
between

3

[his value
Fo account
ability (Cy,

From the variance of sampling calculated on each silo, we can calculate the variability due to sampling

errors in relation with the number of individual samples (part 1 of Formula 2):
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Table 25 — Variance of sampling (part 1 of Formula 2) in relation with the number of individual

samples
Number of indi- silos
vidual samples
(n) 06-03 06-01 06-04 06-06 06-02 07-01 07-02
10 139 338 111 684 561 342 119 948 54 358 407 270 5287
15 92 892 74 456 374 228 79965 36 239 271513 3525
20 69 669 55 842 280 671 59974 27 179 203 635 2 643
25 55735 44674 224537 47 974 21 743 162008 2115
If we assujme a CVT from 10 % for the technical errors, we obtain for the 7 silos, the following values for
the variarce due to technical errors:
Table 26 — Variance of the technical errors in the case of a C,; of 10%
silos
06-03 06-01 06-04 06-06 06-02 07-01 07-02
Average of silo 2765 1889 6533 1803 1675 7132 502
Cl_,(laboratory or tech- 10 10 10 10 0 10 10
nical errofs)
Variance (laboratory| ;¢ 59 35701 | 426780 | 32508 28056 | 508654 2520
or technicpl errors)
We can then evaluate the ratio between the variance of technical errors and variance of sampling

errors, in

Table 27

relation with the number of individual samples:

[ — Ratio between the variance of technicdl errors and variance of sampling errors in

the case of-a Cy; 0of 10 %

silos
Number pfindividual | 5 o3 | o601 06-04 | 06-06 | 06-02 | 07-01 | 07-02 | average
samples
10 0,5 0,3 0,8 0,3 0,5 1,2 0,5 0,6
15 0,8 0,5 1,1 0,4 0,8 1,9 0,7 0,9
20 1,1 0,6 1,5 0,5 1,0 2,5 1,0 1,2
25 1,4 0,8 1,9 0,7 1,3 3,1 1,2 1,5
Thus, for pxample, in the'case of 20 individual samples, the technical errors are 1,1 times higher than

the sampl

Generally,

ing errorA£of the silo 06-03.

we pbserve a relationship between the variance of technical errors and the varia

of samplipg-error of the order of 1. This means that the part of sampling errors in the total errof is

around 5(

0,

Similar calculations were made for Cy,1 of 20 and 30 % (Tables 31 and 32).

Table 28 — Ratio between variance of technical errors and variance of sampling errors in the
case of a Cyp of 20 %

n 06-03 06-01 06-04 06-06 06-02 07-01 07-02 average
10 2,2 1,3 3,0 1,1 2,1 5,0 19 2,4
15 3,3 19 4,6 1,6 3,1 7,5 2,9 3,5
20 4,4 2,6 6,1 2,2 4,1 10,0 3,8 4,7
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Table 28 (continued)
n 06-03 06-01 06-04 06-06 06-02 07-01 07-02 average
25 5,5 3,2 7,6 2,7 52 12,5 4,8 59

Table 29 — Ratio between variance of technical errors and variance of sampling errors in the

case of a Cy; of 30 %

06-03

06-01

06-04

06-06

06-02

07-01

07-02

average

10

4,9

2,9

6,8

2,4

4,6

11,2

4,3

5,3

15

7,4

4,3

10,3

3,7

7,0

16,9

6,4

8,0

2(

9,9

5,8

13,7

49

9,3

22,5

8,6

10,6

25

12,3

7,2

17,1

6,1

11,6

28,1
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Thiese simulations result in 1 000 averages per silo whose histograms are shown in Figure 2

of

the case of a Cy1 of 20 %, there is, on average, a ratio between the variance(ftechnical ¢
Fiance of samplmg error of about 4. This means that the part of sampling errors in the {
hround 20 %. A decrease in error due to sampling will have little impact on total error.
nditions, it does not seem interesting to increase the number of individual samples.

the case of a Cy1 of 30 %, there is, on average, a ratio between ghe-variance of technical ¢
Fiance of sampling error of about 9. This means that the part of sampling errors in the tot]

bse conditions there is no interest in increasing the sampling effort.
1.2.2.1.2.3 Accuracy of the average

e accuracy of the mean is provided by calculating-a confidence interval around this averd
b assumption of normality, the confidence intérval of an average is given, for a confiden

%, by the following Formula (4):

IC:x+20-
X

e standard deviation of the average, o, is calculated from the Formula (2).

e assumption that the dataffellow a normal distribution is implausible (see Figures 19 to
5 acceptable in the caseof-averages calculated with a sufficient number of observations. Si
re performed on 2 siles.

imulation was performed by randomly select 25 data in a silo and then calculates the corr¢
erage. 1 000 sitmulations were performed for each silo.

these histograms, we will consider that the assumption of normality of averages is accepta

rrors and
otal error
In these

rrors and
al error is
ror. Under
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Ce level of
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20 g)), but
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Averages n = 25 silo MVA

Averages n = 25 silo TDS
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Figure 29 — Simulations of the calculated averages from 25 indi\?(dﬁ samples taken randonply
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If we assyme that the C},, of sampling and the C €9 echnical errors is constant, the relative accurdcy

b

does not depend on the average.

Assuminga sampling Cy,, equal to 45 % a

—

X

in a silo QQ

The relatiye accuracy is the confidence interval, expressed in %& the average:

-

.

\\S\Q)

N
.\Q)

@)
\CVt of technical errors equal to 10, 20 or 30 %, we obt

the followjing information regarding ‘g‘n.umber'of individual samples:

Table 30 — Relative accurac

&

Cye of technical errors equal to 10, 20 and 30 %, and Cye of
o} sampling error equal to 45 %

X

'5)

hin

N Relative accuracy
<)ﬁumber of
-1 individual | C, =10% | C,=20% | Cy=30%
Q?‘ samples
% 10 35 49 66
%&v 15 31 46 64
20 28 45 63
25 27 44 63
100 22 41 61
infinite 20 40 60

Table 34 and figure 29 reflects the loss of relative accuracy obtained in diminishing the number of
individual samples compared to the precision observed with 100 samples.
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© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

ISO/TR 29263:2021(E)

Table 31 — Loss of relative accuracy from n to 100 samples

loss of relative accuracy from n to 100 individual
samples
n Cye=10% Cye=20% Cy=30%
10 13 8 5
15 9 5 3
20 6 4 2
25 5 3 2
100 0 0 0
Y
14
12 A

\ CVt=10%
10 \i
8
CVt=20% \

6
i
) \>\A\\‘\

CVt=30%

0 5 10015 20 25 30 35 40 45 50 n

Key
Y | lost of relative precision (%)

Figure.30 — Loss of relative accuracy from n to 100 samples
6.3.2.2.1.3 Buyer or seller risks

—| Buyer risk = is the risk that a lot is considered good alors que then it is bad;

—| Seller-Risk = is the risk that a lot is considered bad alors que then it is good.

a) Estimated decision rule:

In the case of fumonisins on maize, the regulatory threshold is set to 4 000 ppb (NOTE: European
threshold at the moment of the study). If a consignment is declared bad when the analysis shows a
concentration above this threshold, then:

— Dbuyerrisk=riskthatthe resultofanalysisis <4 000 ppb since the real value of the batchis >4 000 ppb;
— sellerrisk =risk thatthe result of analysisis >4 000 ppb since the real value of the batch is <4 000 ppb.

The ability to correctly predict if a lot is below or above the regulatory threshold will depend on, one
hand, the precision of the estimation of the concentration of the lot and, on the other hand, the real
discrepancy between the level of the lot and the regulatory threshold.
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The calculation of buyer and seller risk from the observed data is not possible because we do not
know the real concentration of the silos sampled. It was therefore necessary to proceed by simulation.
Whitaker uses the negative binomial distribution to describe the distribution of aflatoxin in peanuts,
cotton and corn. Fitting a negative binomial distribution from fumonisins data on corn is also
satisfactory. So, this law has been used for simulations of silos.

The following method was used:

— simulation of silos with different average levels (from 2 500 to 5 500 ppb) ~ negative binomial
distribution;

— sampling randomly a number of samples within these silos (10, 15, 20, 25, 50 or 100);
— average of the n individual samples;

— simulption of a random technical error following a normal distribution with a mean of zero and a (',
of 20 Pb;

— final yalue = sample average + technical error;

— compprison of the final average to the regulatory threshold (4 000 ppb);
— iteratp 2 000 times;

— calculation of % of error of classification (= seller or buyer risk).

The Figure 30 shows the simulation results: for each value of number of individual samples, the figure
shows thq risk of error based on the final average value of the'silo.

Y
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1  sellerrisk

2 buyerrisk

Figure 31 — Simulation of seller and buyer risks in relation with the final average value of the
silo for a Cy, 0f 20 %

To assess the effect of analytical error on the risk of errors, simulations were performed with a Cy, of
technical error of 10 %, so half value as before.
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These new simulations have been performed only for a number of individual samples equal to 10.

Figure 31 shows the results of simulations and the previous simulation results with a €y, = 20 %.
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Figure 32 — Simyilation of seller and buyer risks in relation with the final average valyie of the
silo for a C;, 0f 20 % and 10 %

Thee figuses show the week influence of the number of individual samples on the risk of error.
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6.5.2.2.2.1 Descriptive statistics

Table B.32 summarizes the main descriptive statistics for the 3 silos sampled. The 3 silos have very
different average values and variability. The mean levels vary from 139 ppb to 683 ppb. The standard
deviations vary from 71 ppb to 431 ppb.
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Table 32 — Descriptive statistics for zearalenone

silos

07-03 07-02 07-04
Number of individual samples 25 50 25
Average of the silo 683 399 139
min 266 185 48
max 2151 724 315
variance 185 444 16 434 5053
Standard ¢leviation 431 128 71
Cy (relativp standard deviation or variability) 63,0 32,1 51,1

As for fumonisins, there is a relation between the variability of a silo and its average contefit:-the higher

the average level of the silo, the greater is its variability (see Figure 32).

For cons, the relative variability (C) appears to be relatively independent of the aygrage content of 1

silo, with phn average C}, of around 50 % (see Figure 33).
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6.4.2.2.2.1.1 Distribution histograms of the content of zearalenone
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Figure 34 — Relationship between C},and average
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Figure 35 — Silo 07-02
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.2.2.2.1.2 Temporal (i;ca'ibution and variograms
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Figure 37 — silo 07-04
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Figure 38 — Temporal distribution and variogram - silo 07-03

© IS0 2021 - All rights reserved

71


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

ISO/TR 29263:2021(E)

Y4
800

700

al

500

1
600

|
400|

it

A

300

200

¥

A S
AN AWL T ANV ]
M A VY

100

0
0 4 8 12 16 20 24 28 32 36 40 44 48 ¥

Key
X echantillon
Y zéaralgnone ppb

Y
350

Figure 39 — Temporal distribution and variogram - silo 07-02
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Figure 40 — Temporal distribution and variogram - silo 07-04

The 3 silds show quite different/temporal structures. Silo 07-03 has a clear and important structure.
The silo 0[7-02 has also a temporal structure but lesser pronounced. The silo 07-04 shows no tempojral

structure

6.4.2.2.211.3 Decomposition of variability

ng

(samplingvariability) and variability related to the analysis (technical error or repeatability). Given that
there are [two analysis per individual sample, we are able to estimate these two sources of variability.

The Vari%t)ility of 'values observed in a silo is due to two sources: variability related to sampl

The results are given in Table 33.

Table 33 — Estimated sampling variances and repeatability

silos
07-03 07-02 07-04
variance of repetability (analysis) 1527 468 85
Standard deviation of repetability 39 22 9
Cy (relative standard deviation or var-
iability) 5,7 54 6,6
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Table 33 (continued)

ISO/TR 29263:2021(E)

silos
07-03 07-02 07-04
Variance of sampling (sampling error) 184 681 16 259 5010
Standard deviation (sampling error) 430 128 71
Cy (relative standard deviation on sam-
pling) 62,9 31,9 50,9

eatability (or analysis). We can see also that higher is the average content of the silo, grd
variability (see Figure 40 for the sampling variance and Figure 41 for the variance of repeata

Key
X | average of the lot (ppb)
Y | sampling variance
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Figure 41 — Relationship between sampling variance and mean
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Figure 42 — Relationship between C, and average

By cons, as for fumonisins, the relative variability (C}) appears to be relatively independent of the
average, with a mean C, (moyen) of around 50 % for the C}, sampling (see Figure 42), and of 5 % for the

Cy of repeatability or analysis (see Figure 43).
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Also we can note that the relative variability observed on zearalenone is on the same order of magnitude
as those observed on fumonisins.
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Figure 43 — Relationship between relative variability of sampling and mean
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Figure 44 — Relationship between C), of repetability and average

6.5.2.2.2.2 Conclusions

Despite a temporal structure which appears in some cases more pronounced than for fumonisins, the
same conclusions than for fumonisins can be applied to zearalenone.

6.5.2.2.3 Deoxynivalenol

6.5.2.2.3.1 Descriptive statistics

Table 34 shows the main descriptive statistics for the silo 07-02 sampled.
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Table 34 — Descriptive statistics

Silo 07-02

Number of individual samples 50

Average content (ppb) 2633

min 2010

max 3207

variance 88 379

standard deviation 297

CV (relative standard deviation or variability) 11,3 q/'\

5.4.2.2.3.1.1 Distribution histograms of the content of DON n;]/g
silo=AP (lg)

Key
Y | frequency

<" Figure 45 — Silo 07-02
O

5.4.2.2.3.1.2 Tempor@distribution and variograms
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Figure 46 — Temporal distribution and variogram - silo 07-02
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The silo 07-02 has a clear and relatively important temporal structure.

5.4.2.2.3.1.3 Decomposition of variability

The variability of values observed in a silo is due to two sources: variability related to sampling
(sampling variability) and variability related to the analysis (technical error or repeatability). Given
that there are two tests per individual sample, we are able to estimate these two sources of variability.
The results are given in Table 35.

Table 35 — Estimation of sampling variance and repeatability

6.5.2.2.3.
The behay

those obs

We can ha
obtained

6.5.2.3

Regulatio
level of m

The purpq
collected

6.5.2.3.1
Let “x” be

We rando

07-03
variance of repetability (analysis) 4244
Standard deviation of repetability 65
Cy (relative standard deviation or var-
iability) 2,5
Variance of sampling (sampling error) 86 257
Standard deviation (sampling error) 294
Cy (relative standard deviation on sam-
pling) 11,2

P Conclusions

rior of DON (in terms of variability and temporal distribution) is significantly different fr

wever argue (advancer) that, in the case ofthe one silo sampled, the application of conclusic
bn fumonisins lead to results as accurate:

Reducing the pressure of sampling
h 401-2006 fixed to 100 the-nmumber of samples required to properly determine the avers
cotoxin contamination ofa)silo of 500 t.

ht least 100. In otheEiwvords, what is the loss of accuracy due to lower pressure sampling?

Method of calculation
the number of samples taken in a cell of 500 t (with x <100). We take as example x = 25.

mly choose 25 samples among the 100 taken, without repetition, and we average the resy

obtained.

pm

erved on fumonisins. It will be necessary, in thisi€ase, to have additional information in ordler
to draw s¢und conclusions.

ns

ge

se of this section is t0 dssess the risk of error incurred when we reduce the number of samplles

Its

We’then calculate the difference (absolute value) between the average of 25 samples and tl

pat

of 100.

R100 =M+[e;gq|+a100]

R25

=M+e,s|+[ays]

Ri00 _R25|:|e100 _925|

where

76

(6)

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=c04045b5e479cbaddea6ea5b43ea5b2c

Th

ISO/TR 29263:2021(E)

Ri00 is the average results of analysis of 100 samples;
Rys is the average results of analysis of 25 samples;
M is the true average of the silo (unknown);

€100 Or €55 are the error due to sampling;

ajgpOra, aretheanalytical error.

total error on an :m:\]yfir‘:\] result can be dpr‘nmpncpd into two types of errors: a samp

ling error

+
an
ery
av

pld

Wi
de
by

Fo
50

to
of

6.1

Fo
of

Th
an
ing
erl

n analytical error (due to sub-sampling, extraction process, precision of the instrumen
hlytical error here concerns the analysis on each of the samples. We assume a constant
or regardless of the number of tests. Thus, when subtracting the average of 100|samp
erage of 25, the analytical error, constant vanishes and there remains only the error due tqg
n.

repeat 10 000 times the operation and we calculate the average fromthe 10 000 diffé
fine an average of sampling error for 25 samples (ppb). This average/of sampling error i
Do from the average of 100 samples.

" the rest, we think in relative error in fixing arbitrarily “| e100_|” to 0, even if for 100 s
D t, there is already an error related to sampling. We therefore calculate an additional risk
n result obtained 100 samples because we do not know the true mean of each silo or samp
100 samples.

.2.3.2 Results of the contamination of wheat by deoxynivalenol

500 t.

1 05-03. In some cases, we see that with 25 samples, we add an average error of + / -8 %

oris+ /-13 %.

ts ...). The
analytical
les to the
sampling

brences to
s reduced

hmples by
compared
ling error

" the 5 silos selected for DON on wheat, the pressure sampling varies from 25 to 100 samples per cell

e methodology described allows to censtruct the curves in Figure 47 for the silos 05401, 05-02

. The risk

reases significantly when furtherreduces the pressure sampling: ex with 10 samples, the average
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Figure 47 — Risk of additional error in decreasing the nutnber of samples (DON on wheat,
silos 05-01 to 03)
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For the silos 06-07 and 06-08, Figure 48 represents also‘the risk involved in more than one due to the
initial samppling (25 here, not 100 as in the previous‘tase). For these two silos, measurements wé¢re

performegl

before and after cleaning.
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