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Foreword

ISO_(th

federation of national standards bodies (ISO member bodies
of preparing International Standards is normally carried-out t
technical committees. Each member body interested\in a
which a technical committee has been established\has the
represented on that committee. International rorganization
mental and non-governmental, in liaison with 1SO, also take
work. ISO collaborates closely with the Intérnational Ele

worldwide

). The work
hrough 1ISO

subject for
right to be
s, govern-
part in the

Commission (IEC) on all matters of electrétechnical standardization.

c}{otechnical

The main task of technical committees-is to prepare Internalional Stan-

dards, but in exceptional circumstances a technical comr
propose the publication of a Technical Report of one of th
types:

— type 1, when the required support cannot be obtained fo
cation of an International Standard, despite repeated effo

type 2, when the.subject is still under technical devel
where for any, other reason there is the future but not
possibility. of an agreement on an International Standard:

type 3, when a technical committee has collected data of]
kind from that which is normally published as an Internat
dard, (“state of the art”, for example).

Technical Reports of types'1 and 2 are subject to review W
years of publication, to decide whether they can be transfq
International Standards. Technical Reports of type 3 do not r

hittee may
e following

" the publi-
ts;

opment or
immediate

a different
onal Stan-

ithin three
brmed into
ecessarily

have to be reviewed until the data they provide are considered to be no

longer valid or useful.

ISO/TR 5307, which is a Technical Report of type 3, was pr
Technical Committee ISO/TC 134, Fertilizers and soil conditio|

epared by
hers.

This document is a type 3 Technical Report. It is not envis
will be published as an International Standard. It gives the m
derivation of the sampling plan specified in ISO 8634.

jlg]ed that it

hematical

Annexes A and B are for information only.
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Introductijion

Within tht framework of its work on sampling, Technical Committee 134
"Fertilizers and Soil Conditioners" has, through its subcommittee 2,
carried opit statistical studies on various sampling plans which may ’be

used to a
other sta
provides

requireme
different
IS0/TC 13
basis for

Each coun

an offici
applicati
sanctions
fertilize
delivery,
country,

be respon
documenta

ISO 8634
responsib
unloading
farmer co
In the ca
the ferti
retailers

ISO 8634
rules for

a) sa

gsess large deliveries of fertilizers. This work complements
hdards for fertilizers, currently under preparation, ahnd

the theoretical background necessary to appreciate fully the

hts of those standards. This technical report (type,3), which is
from the international standards usually produced by

L /SC4, is intended to act as a complement to _them, as a

the sampling of fertilizer deliveries.

try has its own regulations applicable to, the fertilizer trade;
al department is responsible for carrying out checks regarding
bn of the regulations. If these regulations are violated,

may be taken against those responsible for placing the

+ on the market in that country.\In the case of an imported

it is the representative of .the manufacturing company in the

br the importer who is considered by the relevant authorities to
sible for the declared conténts shown on labels or other

tion accompanying the fertilizers.

concerns the case of ;an importer who resells, on his own

ility, a large amount of fertilizer received from abroad. After
L this deliveryCdis resold in smaller lots to traders (dealers or
bperatives) who will themselves be direct suppliers to farmers.
$e in question, it is the importer whose name is associated with
lizer; and it is therefore he who will be considered by the

and users to be responsible for the declared contents.

s “designed for acceptance inspection. It determines the

mpling (i.e. the sampling plan);

b) acceptance (the acceptance or rejection of the delivery);

and both apply to the bulk delivery imported.


https://standardsiso.com/api/?name=10f3b7d4753b5a2075fc3d0a115981a3

ISO/TR 5307:1991(E)

The location of the acceptance inspection, as defined in ISO 8634, in the
chain of transactions can be represented by the following diagram:

Country of manufacture Importing country

Seller——— Importer ——— > Retailers ——— Farmers

.....

.....

Acceptance inspection Official inspéctions of
in accordance with

lots resold,in’ accordange
IS0 8634 (no loading with natiénal regulations
or unloading)
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Solid fertilizers — Derivation of a sampling plan for the

eval

1 Scope

This

the dgfinition of the sampling plan described in ISO 8634

echnical Report presents the sampling theory which ?is resulted in

The sdqmpling plan is applicable to a large delivery of more)than

250 t |of fertilizer supplied to another party, for resale, on his own
resporlsibility, in small lots, each of which would be/subject to
legislation.

By laxrge amount is understood, for example, a full boat-load

(5,009 t, 10,000 t or more) thus corresponding, to a relatively long

period of manufacture, but the theory applies to any delivery of 250 t or
more.

2 References

ISO 81P7:1984, Fertilizers and sqil conditioners - Vocabulary.

ISO 86B4:-1), Solid fertilizers/- Sampling plan for the evaluation
of a large.-delivery.

3 Notation and._symbols

The following symbols appear in this Technical Report and have the
meanin|gs assigned to them below.

7} Actual mean value and standard
deviation between sampling units in the
delivery.

Has Oy Mean value and standard deviation

between sampling units in a delivery of just
acceptable quality.

Y To be published.
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Hps O Mean value and standard deviation
between sampling units in a delivery of just
unacceptable quality.

Hes> 95 Hgs O o Mean and standard deviation,
respectively, of two lots which can be
considered by the importer to be of the same

quality.

U Number of sampling units in the
delivery.

N Number of sampling units to be selected
during the sampling of the delivery.
(Increments).

N' Number of analyses to be carried out on

the N increments during the inspection(of
the delivery.

Ng Number of sampling units contained-in
the smallest lot presented for{resale.

k Number of increments to be ‘combined
into each aggregate sample"for analysis.

n Number of sampling units which will be
mandatorily selectéd during the official
sampling of a lot of NR sampling units.

Mean value found by analysis after the

M

selection(of n sampling units from a lot of
sampling’ units.
s’ Estimate of 9/— with the aid of the
Vic
N')‘analyses, where o is the standard
deviation between the sampling units in the
delivery.
X5 Analytical result obtained on the
sample of rank 1.
X Estimate of the mean walune of the
delivery with the aid of the N’ analyses.
D Declared value e.g. of a plant
nutrient in the fertilizer delivery.
L Official inspection limit value which

depends on the declared value(D). It may be
equal to D or less than D by a

prescribed tolerance which may depend on the
size of the lot sold.
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Probability that the mean value

of n sampling units is lower than the
official limit value (L), just acceptable
by the importer.

Probability that the mean value

of n sampling units is lower than the
official limit value (L), just unacceptable
by the importer.

—————correspomding to thetevelof probabittty fora

Probability of rejection of a delivery of
just acceptable quality (seller's or producer's
risk).

Probability of acceptance of a delivery of
just unacceptable quality (importer's or
consumer's risk).

Value of the standardized normal variable
such that Priu > u_. ] equals NG

Value of the standardized normal variable
such that Pr{u > u 1 equals r_ .,
l—rr r

Value of the standardized normal
variable such that Prlu > u;_ a]
equals «.

Value of the'standardized normal
variable such that Priu > uy_ B]
equals/ B.

Non-centrality parameter.

Calculation coefficient which is dependent
on n, the risk levels a and B and the
probability levels r, and r..
Constant factor dependent on N’ which
represents the uncertainty associated with the
estimate of the standard deviation.

Value of the non-central Student ratio

non—centrality parameter equal to
W Yi-r
2
vn

Limit value of the estimate calculated
from to.
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the conditions of application of the regulations in the importing country
(frequency and stringency of inspections, punitive sanctions, etc.):

That is:

ry This is the fundamental parameter as it defimes the
"level of quality” which shall be the minimum objective of the
manufacturer in production, in order to give satisfaction to
the importer (see figure 1 and 7.1).

roduction will normally be centred upon the declared

alue D; but it is not sufficient for it to fulfil this
ondition. What is required by the importer, and it should be
oted that he is not the user, is to be able to resell small
ots without being penalised by the official inspection

ervice. He therefore wishes it to be impossible to draw from
he overall delivery small lots which, after sampling, reveal
verage contents less than L, under official inspection
onditions. The ideal would be for the production to contain no
mall lot likely to appear on inspection to have a yalue less
han L; but this ideal is impossible to attain under

ractical manufacturing conditions and would only be verifiable
y a full inspection, at a prohibitive cost. The importer
herefore accepts a certain percentage of incorrect units

(i.e. bags, if the bag is a sampling unit){defining the quality
evel of the overall delivery which he considers acceptable;
his percentage is expressed by the parameter r, which

an be defined as "the probability,- which is just acceptable to
he importer, that the average value of n sampling units is

ess than the official limit L".

Distributilon of
the delivery

(sample average l
of n increments)

- o

D Contents

Minimum quality defining an acceptable
delivery

Figure 1 — The relationship between D, L and rg4
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NOTE - The regulations of the importing country may also
require that the complete delivery should respect the declared
content D. In this case, the tolerance T is only

applicable to small lots resold and their acceptance is
accompanied by a verification of the compensations between
recorded under—contents and over—contents. This aspect of the
question is not examined in this technical report.

The seller's risk or probablllty of rejecting a delivery
of acceptable quality' (see also 7.1).

This technical report defines a statistical test. The aim of
the sampling plan is to obtain sufficient information to be
able to say, with certain well defined risks, whether or ndt
the delivery is indeed of the acceptable quality level a$s
defined above by r, . This actual quality of the delivery
cannot, in any case be known with absolute certainty Certain
risks have to be accepted. These risks are defined\in relation
to a hypothes1s of what the delivery is in fact.CAs far as

the seller's risk, a, is concerned, the supposition is made
that the manufacturer has in fact supplied a, correct dellvery,
i.e. corresponding to the quality level acCeptable to the
importer, defined as a limit by r,. With“this hypothesis

- of a correct delivery, it may happen; by the misfortune of
the seller, that the random drawing of sampling units results
in a sample which gives a distorted image of the delivery,
making it to be declared defective whereas it is in fact
correct.

The manufacturer thus sees*the delivery wrongly rejected,
whilst with this hypothesis his delivery is actually correct.

For the manufacturer, the sampling plan should be such that a
correct delivery is‘only wrongly rejected in less than

r, % of cases. This risk, or the seller's risk, is the
maximum which the manufacturer agrees to bear.

This parametet defines the ‘quality level' of the
delivery,-which is too low to be acceptable to the importer
(see _also 7.1).

It was found above, with regard to r,, that the importer
could not require an ideal which is impossible to obtain or
that the total absence of sampling units of content less

— tiam £ had to be checked—Buthe should Tequire that the
sampling plan guarantees him against an excessive proportion of
small lots which on inspection are found to be deficient in
content. This is why he requires that he should define as
unacceptable a delivery which, on inspection, contains more
than r % of small lots in which the mean value (based
on n sampling units) is less than the official
limit L.

The importer's risk

This, for the importer, complements the seller's risk a (see
also 7.1).


https://standardsiso.com/api/?name=10f3b7d4753b5a2075fc3d0a115981a3

ISO/TR 5307:1991(E)

In the hypothesis in which the actual quality level of the delivery

is as
sampl
corre
5.3 Object
5.3.1 Gene

Two points

low as ry, the importer wishes to be sure that the
ing plan will not lead him wrongly to accept the delivery as
ct, in more than B % of cases.
ive of the determination

ral

should be considered.

Firstly, the sampling plan itself, i.e. the increments to be taken, their

combinati

Secondly,
obtained.

5.3.2 The

This will

s (applicable) the number of analyses etc.

he rule of acceptance, in accordance with the results

ampling plan

define the number of sampling units (bags), N, from wyhich

the increments are to be taken.

Either eac
they are g
an analysi

samples (M’

Thus:

If k=1,
plan deter

h increment, obtained from a sampling unit, is _ aralysed; or
rouped in twos, threes or fours etc... (k) and'in this case
s is only carried out for each of the groups.of k aggregate
analyses). ’

k = N/N'

it is sufficient to determine N; in“other cases, the
mines N and k, and hence N'.

5.3.3 Rulel of acceptance

The sampli
to be det

ng plan leads to N' results being obtained for each content
mined. With these N/~results, the standard deviation of

the delivery, s, can be estimated.

The standzﬁd also gives the value of a coefficient K which, as will
be seen later on, depernds'on the preceding data: r,, ry, a, B

and n.

Taking X ajs the mean of the N’ results, the delivery will be

accepted i

f:

X21I

+J)Ks, or B 2 Bp

but if:

X<1L

+ Ks, or B < By

then the delivery will be rejected.

6 Theory of the sampling plan

6.1 Definitions

The delive

ry is made up of U sampling units (bags, etc.).
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The mean content of the delivery is p, its standard deviation ¢ and
its declared content D.

The importer does not know either y or ¢. On the other hand, he

knows D which is the declared composition under which the fertilizer

is to be sold, and he is faced with the problem of ensuring, by suitable
sampling and analysis, that the lots which he sells will conform to the
specifications of local regulations.

It is assumed that local regulations generally require that an analysis,
carried out after sampling any lot (which, in extreme cases, may consist
of a single bag), shall not fall below a limit L. This may be the
declargd composition D, or it may be less by a permitted tolerance
(which [will generally depend on the size of the lot).

In view of the fact that the importer will usually resell the fertilizer
in subtlots of varying size, the sampling scheme should be designed to
give syitable protection to the smallest lots which he intends\\to sell.

Assumirlg that the smallest lot intended for sale is Np bags'then,
for ingpection at this stage (resold lots) a sample of/n ‘bags will be
taken (n is thus fixed by local regulations).

Using yhese n bags, an aggregate sample will be made up, the analysis
of whidh will lead to the (mean) value x.

x is tHe (mean) value of the sample of n bags; it is the
estimatled mean value for the lot of Np bags.

As assumed above, local legislation considers the lot of Nk bags to
be accepptable if x 2 L.

6.2 Detlermination of limits

If the distribution of x obServed on different groups of n bags
selecteld from each lot of Wy bags is normal (Gaussian), which is

the case when n is not-too small, the limit qualities of acceptable or
non—accleptable deliveries of fertilizer may be determined as follows:

A delivery will be-Considered to be of acceptable quality if the
probabillity of~the average, x, of n bags selected at random being
less thpn L dis.équal to or less than r,.

If p, apd-g, respectively are the mean and the standard deviation
of a delivery of justacceptable quality;, 1t e for which the probability
that x < L is exactly r, and if u, is such that a

unit normal variable is greater tﬁan u, with a probability

of r_, then:

a’

Likewise, a delivery will be considered to be of unacceptable quality if
the probability of the mean x of n bags selected at random being

less than L is equal to or greater than r.. If My
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and 0, respectively are the mean value and the standard deviation of a
delivery in the limit case for which the probability that x < L
is exactly r, and if u, is such that a unit normal variable

is greater

L =y

than u, with a probability of r,, then:

u o

r —r

- E.2

r

Vo

NOTE - For material to be of acceptable or unacceptable quality

depen|
the "
small
This

u =4

contr
durin

For smalle
means e a

said to be

e

ds on both the mean y and the standard deviation ¢ because
quality" is considered in relation to the probability that the
pst lots do not satisfy the requirements of local regulations.
probability, in effect, depends on y and ¢ as follows:

- /i

[oF

blled by the same number, n, of sampling units selected
b the official local inspection.

r lots of equal size, two deliveries respectively of
nd y¢ and standard deviations 0, and Of may be
of the same quality (in the above sense) if:

" He = L

o

—e
In particu
complying
limit qual
complying
unacceptab
acceptable
will not g

6.3 Use of]

Having def
and of una
considered
N sampling
aggregate

analysis i

I¢
lar, all the combinations of the values of y, and o,
with (6.1) above, will correspond to a fertilizer of acceptable
ity and all the combinations of values yy and 0y
with (6.2) above will correspond to a fertilizer of
le 1imit quality. It should/be noted that the material of
limit quality and the_material of unacceptable limit quality
enerally have the same)standard deviations.

two non—central (t)distributions

ined the material of acceptable limit quality (w,, 05)
cceptable limit quality (wy, Oy), a test is now

for the ‘acceptance or rejection of a larger delivery.
units-are selected from the delivery and grouped in N’
samples each containing k increments f{i.e. N = kN'). An
s _made of each of the aggregate samples to ascertain the

quality of

the delivery.

This, in terms of

the expres

<l

b-L
0 cannot be known exactly but can be estimated by

sion:

=L

7}

10

vk
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in which X is the analytical mean of N’ aggregate samples and
s is the estimate of the standard deviation between the N’
analysis. The distribution of the expression:

N (F -1
s vk

is in non-central t with N’ - 1 degrees of freedom and the
non—centrality parameter

L - D)
= Y

It is|necessary to determine the values of N, N' and t such

that for a delivery of acceptable limit quality (ya, o_) the
probability of rejection of the delivery is sufficienﬁy small and equal
to a;|and for a delivery of unacceptable limit quality (., gx),

the pyobability of acceptance of the delivery is also smail and equal

to B.

In addition for 'acceptable' material:

- L ’
$ = Sa= fﬁ_ Sfé————z = /5_ 32.
n

%a

and:

) (;?-z/z»i_'

s < tl'!/s - Sa) N

whilst for 'unacceptablei material:
= s =/ (b - L) urA
=s, = —r 1= e o
9% Vo
;) =

B

Br ( X - L fe» tl_B/s =s
S -

6.4 Determination of N and N’

6.4.1| Fheory. It is not possible to obtain mathematical

expressions for N and N based on the non-central Student

distribution. The values sought may be obtained by trial and error using
the Neymann and Tokarska tables, or more accurately by the use of the
Lieberman and Resnikoff tables. However, they can be more conveniently
determined by calculation using certain justified approximations.

The comparison of the assay X found at a limit calls for an
expression of the type X - Ks. As a first approximation it is assumed
that all variables of the form X - Ks have a normal distribution.

This approximation is justified if N’ is large as X has normal
distribution and Ks therefore has a distribution which tends towards
normal distribution if N’ is large. It has been verified that this

1"
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can be applied even for small values of N’ (down to N’ = 5) by
comparison with a graphic resolution of the use of non-central Student
distributions.

Allowing this approximation, then X and s are independent and
X - Ks has:

ak

a

a mean of: y -

o ®

and a variance of- _2_ [1_ 4 (1 —a2yx2]
kN’ o

( )
with g4 = n 2
£ (N - 1) N - 1

where [ is the Euler function.
NOTE. [The value of a tends to 1 as N’ tends to infinity.
Considering the risk of the first type, there is a probability a of

rejecting (wrongly) an acceptable delivery, that is, a delivery for
which:

/_/—-.._a =7 - E.3
v

In this linlit case X - Ks will be equal to.a value £ given by £ = mean
of (X - Ks)| - ul (standard deviation of X - Ks).

Thus:

I=

Ujq 9 1
=yl 2Ko_’lw [117,.+(1—a2)1(2]2 - E.4

ke

'where

u;_, is the standaxdized normal variable corresponding to
the—prpbability; a.

Eliminating| ¢/ between these two equations E.3 and E.4 gives:

Ul (o]
1-r -

_a K g = l__ + (1 - aZ)KZJ

RV

£ depends on the unknown standard deviation, unless the value of K is
chosen such that £ = L. This value is given by:

Py
K=l{u /’—‘——u [1—+ (1 —aZ)KZ]Z} - E.5
1-r l1-a ’
a av.n - N

12
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In the same way, for the risk of the second type, calling B the
probability of accepting (wrongly) a just unacceptable delivery that is,
a delivery for which:

ul—rr g

H = : =1L

vn

u (o)

_ l'rr. - aka ul-Bgfl o 25 ,,91%
L =L F/—/———= + [ TR
fd . R
Va Vi vk Y

which,| for £ = L, requires the following:

' 1
k=1 {ul_r . —* Uy g [l— + (1 - aa)KZ]Z} -AE6
r n

- E.7

Deducipg from E.7 the value of the expressiofraised to the power "1/2"
and supstituting back into (E.5) gives:

a] - E.8

Ny |
~
::s|>:'
p—
|
<
~
+
<

Replacling K by E.8 in the equation E.7 gives:

(4,) + u,_ )2 a2
(ul—r - ul—r )? £-= — = * Al ) [ul—a ul-r + ul-ﬁ ul— ]2
a r n N’ atn - r - ra
hence ((as &N’ = N):
€ 32
“1-r “1-r R -1
- 2 a r _1-a 2]
N=(uy_, +u gl [ 4y o Yoy ¥ U3 g U, )
- B n na? - t - 2

fact:

- E.9

13
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e 1 2 ,
Moreover, by definition a, and consequently a , is only a function

of N'.

This relation has been calculated and is shown in the table in annex B
for values of N’ between 5 and 30.

Consequently, the inequality E.9 can be expressed in the form:

kKN' 2 g (N') or k =2 f (N")

And therefd
chosen, sug

However, k
values for

1 -a

re, for each whole value of k, the whole value of N' can be
h that this inequality is just satisfied.

must be positive, so the choice of N’ is restricted to those
which

aZ

Having calq

ulated the limit value of 1 -

82

with the aid)yof E.10, the

table in afgnex B allows the determination of the smallest possible value

of N, i.e

The smalle§t values of N’ greater than N’

inequality
N is deducs

6.4.2 Simpl
simplified

It is then

to use the

N 2n

14
N'y.

which*will satisfy the
E.9 are then determined with the chosen values of k.

d from the known value of N’'.and k.

ified calculation. The calculation can be greatly
as soon as N’ becomes quite large (i.e. more than 30).

. . 1 - a? 1
possible to approximate to

a? 2 N'

and it is sufficient

formula:

u, +u, 2 2
u = \u 2
1-r

1-r

.1

14
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7 Practical procedure for the determination of N and N’

7.1 Basic information

Local legislation defines n which is the minimum number of bags for
constituting the sample required for inspecting the quality of a lot of
size N.

The importer, in agreement with the exporter, fixes the values for the
probability levels a, B, r, and r,; these values, although

expreﬂsed in percentage form have to be converted into fractions for
calcullation purposes.

7.2 Calculation

7.2.1 [Table 9 give the values of u (standardized normal
variable) corresponding to the probabilities ry, ry, l-o
and 18 i.e.

U , u s Uy, and ul-B'
a T - -

7.2.2 [To determine the minimum value of N', calculate:

Using [table 10, determine the value of N!<such that the ratio

1 - a? corresponding to this value of ¥’ is just less than (1 - az)
a 0

calcullated above. Taking N’ to beé. that particular value of N';

this ils the smallest possible value for N'. :

7.2.3 [Leaving 1 - a? undetermined, calculate the expression:

a
— 2 2 _
B=an (ul—a * ul—B) [(ul—r 1-r )
= = a r
1 - a?
+ 21-1
2 (ul—a “1-r “1-8 Y1-r ) ]
a - r = a
With the<aid of the table in annex B, determine the values of 1 - a?
: a’

for NN = Ng, Ng + IN g + Z etc. and calculate for
each of these values of N’ the corresponding values of F and

hence of k as k is the whole'part of (ET + 1) and thus N as N = kN'.
N

The calculation is concluded when a value of N' is obtained
(N'm) greater than the corresponding value of F.

15
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7.3 Simplified calculation when N’ > 30

N is calculated as a function of k¥ from the fixed values of
n, uq__, Uq_ Uq_.. , Uq_ by the formulae in 6.4.2.
> Tl-a 1-> "1 r, 1 r. /

Draw up the following table noting that N' = Iland therefore that the
k

value of N multiple of k¥ immediately above the calculated figure

has to be chosen.

Table 1
k | N’ N
1 Z, Z,

2 | Z,/2|| 2,
3 | Z3/3|| Z;
4 | Z,/4]| ] Z,

5| Zs/5|| Zs

Transfer all the results to table 2:

Table 2

With the aid of table 2, all possible pairs of N and N’ may be obtained.

16
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For practical application, these possible pairs of N and N’ may be collected
in a simplified table (see table 3).

Table 3

N N’

8 Examples of calculations
8.1 Callculation by the complete process

8.1.1 FPeneral. The smallest lots which the importer will resell

will lots of one bag (N = 1) for which particular ¢ontent levels
will guaranteed, for example, 25 % ammonical nitrogen (L = 25 %).
Clearlly local regulations stipulate, for lots of\l bag, that a sample of

1 bag |(n = 1) is taken, the_content (x) of which will be compared

red as defective and action will be'taken against the importer.

consi
The importer decides to consider as acceptable a delivery for which the
probability, r,, of making up, from|this delivery, a defective lot of

1 bag mould be at most 1 %. That is’ to say that the importer agrees to sell
one deffective lot of 1 bag out of 100 lots of 1 bag (i.e. r, =1 % or

0,01)

In addlition, he decides to,¢onsider as unacceptable a delivery for which
the priobability of making up, from this delivery, a defective lot of

1 bag Wwould be equal to-or greater than 10 % (i.e r. = 10 % or

Finallly, he acce€pts the value 5 % as the risk of wrongly accepting a
delivelry which should have been considered unacceptable (i.e. B =5 % or

part, the seller agrees to the value 5 % as the risk of having a
delivefryowrongly rejected which should have been considered
acceptable (i.e. ¢ = 5 % or U,U5).

The problem is to determine the number, N, of bags to be selected from
the delivery and the number N’ of analyses to be carried out on these
bags in order to achieve all these conditions. According to the
definitions above, we have:

N=1
n =1
L = 25 % ammoniacal nitrogen

17
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1 %, hence u

= 2,326 (see table A.1)

a 1-r
a
r =10 %, hence u = 1,282 (see table A.1)
r 1—rr
a = 5%, hence uj_y = 1,645 (see table A.1)
B =5 %, hence ul—B = 1,645 (see table A.1)
8.1.2 Minimum value of N’
The equatiqn:
u -u
(l_c’f_) _ [1—ra lrr ]2
0=
2
4 ul—g Y1-r * ul-ﬁ ul-—ra
gives:
N
( ) = 0,0309
a2

Table B.1 ghows that this implies N' > 17 i.e. N'O = 18.

8.1.3 Calcylation of F

In view of

n, u

1_

F=n
gives:

F = 1(¢

8.1.4 Calcy

the values given to the parameters:

o ul—r s ul—a’ ul—B and
a r - -
2 2
(ul—g * u1—§) [( 1-r l—rr) -
1-a? - 2y-1
+
2 ( 1-o Jl-r ul—g “1-r ) ]
1 F2a° -1
,8241 [1,0899 - (35,2261)]
2
a

lation of k_.and N

18

‘For N' = 14:
- |
1 -4l 0,0290
a2
hence, F =1295 42
and E + 1 = 17,4 the whole part of which is 17 and thus k¥ = 17 and
]
consgquently, N = kN’ = 306 '
For N' = 19:
_ .2
l-2 - 9,022
a2
hence, F = 112,14
and £ + 1 = 6,90 the whole part of w*ich is 6 and thus k = 6 and
N’
consequently, N = 114,
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These calculations result in the values listed in table 4.

Table 4
N' 1 - a

aZ

18 0,0299 | 295,4 | 17 | 306

2

F k N

19 0,0282 112,1 6 114

20 |[0,0267 | 72,9 4] 80
21 ||0,0253 | 54,5 | 3| 63
22 {|0,0241 | 44,9 | 3| 66
23 [|0,0230 | 38,7 | 2 | 46
24 {|0,0220 | 34,4 | 2| 48
25 [|0,0210 | 30,9 | 2| 50
26 [|0,0202 | 28,6 | 2| 52

27 (10,0194 26,6 1 27

The ligt in table 4 stops at N’ = 27, for which F < N'.

A seri¢s of pairs, N and N’, is thus obtained (see table 5) which
satisfy the stipulated conditioms.

Table |5
N N'
306 18
114 19

80 20
63 21
46 23
27 27

The choice between the various possible pairs, N and N', will
depend on practical conditions, such as the respective marginal costs of
sampling and analysis.

Thus, if 27 bags are selected, each of these should be analysed
individually. If, on the other hand, 46 bags are selected, they could be
grouped in pairs, so that there would only be 23 analyses to perform.

At the limit, this would be beneficial if the cost of an analysis was 5
or more times as high as that of the taking of one more sample, but more
extensive grouping of increments with a view to reducing the number of
analyses would not, in financial terms, be worth the trouble.

19
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