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reword

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
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Atte
righ

ISO

ISO

Thig

F[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draff-Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

10381-8 was prepared by Technical Committee ISO/TC 190,.Soil quality, Subcommittee SC 2
10381 consists of the following parts, under the general title Soil quality — Sampling:

Part 1: Guidance on the design of sampling programmes

Part 2: Guidance on sampling techniques

Part 3: Guidance on safety

Part 4: Guidance on the procedure for investigation of natural, near-natural and cultivated sites

Part 5: Guidance on the procedure for the investigation of urban and industrial sites with re
contamination

Part 6: Guidance op-the collection, handling and storage of soil for the assessment of aerob
processes in the laboratory

Part 7: Guidanee on sampling of soil gas
Part 8:-Gliidance on sampling of stockpiles

corrected version of ISO 10381-2:2006 incorporates the following corrections.

y with the

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

Standards

bted by the technical committees are circulated to the member bodies for, voting. Publication as an

ct of patent

Sampling.

gard to soil

ic microbial

Clause 3

[ISO 11074-2:1995] was changed to [ISO 11074:2005].

In3

.26, Note 3 was deleted.

Subclause 5.5, Table 1

In the third column following “Sampling technique”, “other” was replaced by “different”.
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Subclause

-8:2006(E)

6.5.5

In the second sentence of the second paragraph “shaded region” was replaced by “central region”.

Subclause

8.23

In the last line of g), “Note 3” was replaced by “item c) 3)".

Subclause D.4.4

In Equation D.1. the horizontal line of the square-root sign was extended to the right to include “+ CV analysis”.
Subclause|H.1.4.4

In the line before Equation (H.5), “(H.4)” was replaced by “(H.5)".

Subclause|H.2.1

In the first line, “less” was replaced by “little”.

In addition, jminor editorial changes were made. These changes do not alter the iméaning of the text.
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Introduction

This part of ISO 10381 describes the methods to be applied when sampling soil from stockpiles. The general
character of this part of ISO 10381 is a guideline. Nevertheless, many aspects of the sampling of stockpiles
are based on well established methods and consequently are described in a prescriptive manner.

Thig

diffgrent steps in sampling soil from a stockpile and gives instructions on how these steps shaul
out for specific situations.

Thig

reqlirements should be addressed when sampling soil from stockpiles. As the‘circumstancse

enor

For|a good understanding of this part of ISO 10381, the distinction between the terms “incre
“sarple” (3.16) and “composite sample” (3.4) is essential. Figure 1 illustratés’this point.

An |ncrement is obtained by a single operation of a sampling device and is per definition put tg
other increments in a composite sample. A sample can also be obtained by a single operation off
devjce, but the obtained material is packed and analysed as an éentity.

a) Only material of~one sampling action in sample b) Two or more sampling actions: gathered
tontainer: sample one sample container: composite samplé

part o only Includes the sampling of the soil material 1tsel, 1.e. the solid phase,.If]defines the

be carried

part of ISO 10381 is basically a code of practice. It describes what activities,circumstances and

mously, no detailed instructions on how samples should be taken in a specific'situation can be

s can vary
given.

ment” (3.5),

gether with

a sampling

material in

Material of each individual action: increnjent

Key

1 stockpile
2 sampling device

3 sample container

Figure 1 — Sample, composite sample and increment
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INTERNATIONAL STANDARD ISO 10381-8:2006(E)

Soil quality — Sampling —

Part 8:
Guidance on sampling of stockpiles

1 |Scope
Thig part of ISO 10381 defines the methods that should be applied when sampling)soil from stogkpiles. This
part of ISO 10381 only includes the sampling of the soil material itself, i.e. the\selid phase. It agplies to the
san|pling of soil material that is present in a stockpile, generally a heap of sgilymaterial that is lying above the
surface of the location.
Thel underlying reason for sampling the soil can differ widely as canrthe’subsequent analysis on the obtained
sanjples. This part of ISO 10381 therefore gives guidance on the¢various aspects that, together, describe the
sanpling activity:

— |the definition of a sampling plan;

— |the choice of an adequate sampling strategy;

— |the sampling technique to be applied;

— |the sample pretreatment directly after sampling (when necessary);

— |the packing, preservation, storing,‘transport and delivery of the sample.

Given the wide differences in( circumstances for all of the above-mentioned sampling steps, fthis part of
ISO[ 10381 provides information on how to obtain clear and simple instructions for the sampling pefsonnel.

2 |Normative references

The| following-.referenced documents are indispensable for the application of this document] For dated
references, ‘only the edition cited applies. For undated references, the latest edition of the|referenced
docpmentincluding any amendments) applies.

1ISOL10381-1:2002, Soil quality — Sampling — Part 1: Guidance on the design of sampling programnmes

ISO 10381-3:2001, Soil quality — Sampling — Part 3: Guidance on safety

ISO 10381-5:2005, Soil quality — Sampling — Part 5: Guidance on the procedure for the investigation of
urban and industrial sites with regard to soil contamination

ISO 11464, Soil quality — Pretreatment of samples for physico-chemical analysis

ISO 14507, Soil quality — Pretreatment of samples for determination of organic contaminants

© I1SO 2006 — All rights reserved 1
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

analytical sample

portion of material, resulting from the original sample or composite sample by means of an appropriate
method of sample pretreatment, and having the size (volume/mass) necessary for the desired testing or
analysis

3.2
actual increment size
amount of material that is present in an increment

NOTE The actual increment size is determined by the minimum increment size, the amount of matérial needed for
the tests or gnalysis and the number of increments in a composite sample.

3.3
actual samlple size
amount of material that is present in the sample

NOTE The actual sample size is determined by the minimum sample size, the @amount of material needed fof the
tests or analysis, the size of the sampling equipment and, for composite samples, the-number of increments and the agtual
size of the increments.

3.4
composite[sample
two or mgre increments/subsamples mixed together in .appropriate proportions, either discretely or
continuouslly (blended composite sample), from which the average value of a desired characteristic may be
obtained

[ISO 1107412005]

3.5
increment
sampling unit collected by a single operation 6f a sampling device and used in a composite sample

[1SO 11074{2005]

NOTE Vhen an individual partion of material is collected in a single operation of a sampling device and this portipn is
analysed as pn individual unit, itissper definition a sample.

3.6
involved parties
individuals involved-in‘the (iterative) process of defining and executing the sampling programme

3.7
judgementai aalllpiing
sampling using methods identified by prior agreement with all involved parties, without sampling in
accordance with probabilistic sampling

NOTE Although in general agreement of all parties should be sought, in specific situations some parties are to be
considered as more important than others. Whenever there is a hierarchical relation between the different parties, this
should be taken into account when no general agreement can be established.

3.8
maximum particle size
Dgs

particle size that concurs with the mesh width of a sieve on which a maximum of 5 % (mass fraction) of the
material remains

2 © I1SO 2006 — All rights reserved
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3.9
minimum increment size

minimum amount of material in an increment obtained with a sampling device for which the conditions of

probabilistic sampling apply

NOTE The fact that every particle in the material to be sampled shall have the same probability of being part of a
sample results in requirements for the size of the sampling equipment. These requirements determine the amount of

material that is obtained with a single sampling operation.

3.10

minimum sample size

min 5 within that
ma

NOTE The minimum sample size is calculated based on an equation in which different factors, result in an estimation

popgulation
totality of items under consideration

[ISO 11074:2005]

NOTE In the case of a random variable, the probability distribution is considered to define the popu
varigble.

3.13
propabilistic sampling

sanjpling to ensure that each particle or element in the stockpile (population) has an equal chan
part of the sample

3.14
project manager
individual responsible for the development of both the sampling plan and the sampling programme

3.14
primary goal

defipitionsefithe sampling in short, general statements, giving direction towards the type of samp
Iacinng the necessary detail to define a sampling plan

b differences
longer be a
en, accepting

ut reducing

ation of that

ce of being

ing, but still

3.16
sample
portion of soil material selected from a larger quantity of material

[ISO 11074:2005]

NOTE The manner of selection of the sample should be described in the sampling plan.
3.17

sampler

person or group of persons carrying out the sampling procedures at the sampling locality

[ISO 11074:2005]
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3.18

-8:2006(E)

sample division
procedure through which subsamples of smaller size than the original sample are obtained without reducing

the particle

3.19

size of the individual particles

sample pretreatment
collective noun for all procedures used for conditioning a soil sample to a defined state which allows
subsequent examination or analysis or long-term storage

[ISO 11074:2005]

NOTE $ample pretreatment includes, e.g. mixing, splitting, drying, crushing and stabilization.

3.20

sampling doal

technical d¢scription of the purpose of sampling

3.21

sampling plan

all information pertinent to a particular sampling activity

NOTE The sampling plan provides the sampler with a predetermined procedure/for the selection, withdrawal, on
pretreatment, preservation and transportation of the portions to be removed from.a.stockpile (population) as a sample.
3.22

sampling grogramme

total sampling operation, from the first step in which the purpdse of sampling is defined to the last ste
which the ahalytical results are compared with the relevant test level(s)

3.23

sampling technique

correct app
NOTE 1

3.24
secondary

iance of appropriate sampling equipment-to obtain samples as specified in the sampling plan

[he manner of selection of the sampling-technique should be described in the sampling plan.

goals

detailed deflinition of the technical@spects necessary for defining the sampling

NOTE T
the statistica

3.25
stockpile
temporary

\RLits

'he secondary goalS-address items such as the population to be sampled, the components to be determ
parameter to be'determined, the scale of sampling and the desired precision and confidence.

eap of'material

-site

p in

ned,

NOTE 1

£1OMN 10204 1
LI A=A | A\

NOTE 2

H i EYY £ 4l =+ €3 ] HI ot HI + |
vt e SCopPC o tmS—part O o y O 1C StOUKPTCCoOmamS— SO T ateTar:

the surface of the location, etc.

The soil material can be stored in a loosely dumped heap, can be lying in a pre-defined depot, above or below
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3.26

sub

sample

sample obtained by procedures in which the items of interest are randomly distributed in parts of equal or
unequal size

[ISO 11074:2005]

NOTE 1 A subsample may be:

a) a portion of the sample obtained by selection or division;

b) |an individual unit of the lot taken as part of the sample;

c) |the final unit of multistage sampling.

NOTE 2 The term “subsample” is used either in the sense of a “sample of a sample” orhas synonym
pradtice, the meaning is usually apparent from the context or is defined.

4 |Principle

A sampling plan shall be defined and this is carried out mainly as a desk operation. However, the
sampling plan shall have sampling experience and be aware of the specific circumstangces of the

the
obje
nec

The)
imp
ther
san]

The)
Thid

repriesentative sample can only be achieved when all the requirements of probabilistic sampling

praq
met]

The
exp

The
sonm
plan

Ins

ctives and location of the sampling. Where knowledge of)the site is insufficient, a site v
bssary before designing the sampling plan.

sampling plan design shall include the consideratio;and formulation of the sampling strat
prtant as the strategy shall ensure that the samples_ obtained from the stockpile are represent

pling techniques.

aim of the sampling strategy is to ensure that the requirements of probabilistic sampling ar|
means that all the particles in a stockpile have an equal chance of being present in the sampl

tice, this may not be possible, in‘which case sampling should be carried out following the most
hods to achieve the sampling-ebjectives.

sampling plan shall include the sampling equipment chosen, and the sampler should have thg
brience to ensure correct use of that equipment.

sampling planswhen completed, should be given to the sampler before sampling commen
e alterations(may be necessary due to situations encountered onsite. Small alterations to tk
may be made in the field without consulting the designer of the sampling plan.

pme cases, the sampling will result in samples which are too large to take to the laboratory

pre

eatment in the field shall be necessary. There are two basic conditions for pretreatment in the

for “unit”. In

designer of

sit may be

bgy. This is
ative. Thus,

e are two points to be considered in formulating the sampling plan: 1) the sampling strategy; 2) the

e achieved.
e. This truly
are met. In
practicable

P necessary

ces, though
e sampling

and sample
field. Firstly,

mination of

the sample and/or involuntary loss of material or components should be avoided. Secondly, there should be
no reduction in particle size since that process requires well-defined conditions which can not be achieved in
the field and particle size reduction is restricted to being a laboratory operation.

When the samples have been taken and, if necessary, pretreated, they should be packaged so that the
characteristics are protected. The packaging and any preservation necessary depend on the characteristics
which are to be preserved. Preservation of soil samples shall involve two basic methods: 1) cool storage;

2)d

ark storage.

This part of ISO 10381 gives guidance on the aspects to be considered when storing the samples prior to
analysis. This includes storage before and during transport, and storage in the laboratory prior to sample
preparation for analysis.
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5 Sampling plan

5.1

General

A large number of varying conditions occur where and when soil stockpiles are to be sampled. It is impossible
to give detailed instructions on how to sample in all of these possible situations. This part of ISO 10381,
therefore, addresses the essential points that should be considered before actual sampling, and does not give
detailed instructions for specific sampling situations. Nevertheless, a detailed instruction to the sampler is
essential in order to acquire the type and quality of samples which are necessary for the purpose of sampling.
This instruction is given by means of a sampling plan.

When takin
be defined
The eleme
consideratig

A simple eX

The sampli
information
sampler. S§

The sampli
logistics of
Figure 2).
The elemer]
— those
parties

those
precau

5.2 Sam

5.21 Invd
The sampli
appropriate
whose prop
regulator ar

j samples from soil stockpiles in accordance with this part of ISO 10381, a sampling plan.sh
brior to sampling. This part of ISO 10381 gives instructions on the definition of the samplihg g
hts/aspects that should be part of the sampling plan are given, as well as the|Atype
ns that are relevant when defining the sampling plan.

ample of a sampling plan is given in A.1.

hg plan is based on the specific purpose of the sampling. It translates the purpose and all
pertinent to a particular sampling exercise into simple and unambiguous instructions for
mpling shall only be carried out when an approved sampling plan is available.

Ng plan acts as a reference document and provides the means of defining the boundaries
the sampling. Its formulation requires consideration of a Aumber of key elements/aspects

ts/aspects of the sampling plan may be divided into.tw@ groups:

vhich relate to identifying and agreeing the sampling design in consultation with the invo

Vhich specify the mechanics of how, when, where and by whom the samples will be collected
ions that will be taken to protect thersampler and the sample.

pling design
Ived parties
involved partiesy-Such consultation can involve the owner of the stockpile, the landowne

erty the stockpil€ is situated, the final decision-maker, the sampler, the analyst, the customer
d the material provider.

In cases where, the-level of complexity is low, a number or all of these roles may be the responsibility of

individual.

n~cértain circumstances, the number of involved parties can be influenced, for example

legislation.

buld
lan.
of)

the

the

and

see

ved

and

hg plan should be“prepared under the direction of a project manager in consultation with all

[ on
the

one

n<some cases_the landowner has snecial (safetv) requlations for nersonnel nresent on the
7 T \ 77 ~J T T

site.

When relevant, the sampler shall be instructed before entering the site.

No further action shall be taken unless or until the purposes and restraints are established.
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Key components defined in the sampling plan

Identify involved parties

Define overall objectives Consultation with involved parties

= BasIc characterization
- Compliance testing
- On-site verification

Determine generic level of
testing required
(with reference to objectives)

- Other
Define:
Research background - Location of origin
information on the soil - Former land use
stockpile - Formation ofithe“stockpile

- Characteristies of the soil

- Target'parameters

Define components/ - Physical
characteristics to be studied -.Chemical
~Biological
Identify:
- Sampling population / statistical

Define sampling methodology
Type of sampling
Probabilistic vs judgemental

parameter

- No. of samples

- Sampling pattern, location, size
and reliability

Define sampling plan

- Equipment

- Methodology and handling

- Sample pretreatment

- Observe appropriate health
and safety

Identify most appropriate
sampling technique to address
sampling requirements

Figure 2 — Key components in the sampling plan

5.2.2 Purpose of sampling

The project manager shall define the purposes of the sampling programme with due consultation of all
involved parties. The reasons for sampling can be diverse and can, for example, be to determine the
possibilities for re-use, the need for soil clean-up, the assessment of environmental risks.

This diversity of purposes affects the location, number, volume and minimum testing requirements for the
sampling exercise. It is therefore important that the ultimate purpose of the sampling programme and any
specific goals are clearly identified to ensure that the samples collected meet these purposes. The sampling
plan shall identify these primary goals of the sampling programme.
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The primary goal(s) shall then be translated within the sampling plan into practical and achievable sampling
goals (the secondary goals, see 6.3.3) that take into account the characteristics of the soil stockpile to be
determined. Any restrictions or limitations on the reliability of the achieved results shall be detailed in addition
to the agreement of interested parties.

5.2.3 Primary sampling goal

The project manager, with regard to the purposes of the sampling programme, shall select the level of testing
required. Three generically defined levels of testing are described, but other levels are possible as well as
other definitions of the three mentioned levels.

— Level 1: Basic (comprehensive) characterization, consisting of a thorough determination of the behayiour
and prgperties of interest of the material.

— Level R: Compliance testing, consisting of (periodic) testing to determine compliance with specific
conditipns or reference conditions (e.g. legislation or contract).

— Level 3: On-site verification, consisting of “quick check” methods to establish censistency with ejther
Level 4 results or other formulated documentation.

For each of these levels, but especially Level 1, different types of investigation«shall be specified depengling

on the spegific aims of the sampling. The project manager shall take this jnto-Consideration when prepdring
the sampling plan.

5.2.4 Detérmination of target components

The project|manager shall, within the requirements of the apprapriate test level, identify the characteristigs or
components to be investigated, based on information:

— specifigd in regulations;

— relating to the intended end-use;

— specifigd in contract;

— ascertgined from knowledge, for instance of the process responsible for contamination of the soil;
— agreed| between the involved'parties.

The paramgter(s) to be determined by analysing the samples shall be listed in the sampling plan. Appropfriate
methods of| sample colleCtioh and preservation shall be selected to maintain the integrity of the sample with

appropriate|reference.to’the analytical method to be used.

It is recommended-that the project manager contacts the laboratory which will carry out the analyses to get
adequate aglvice.

If several target parameters are identified, the sampling operation shall be designed in such manner that the
parameters of major importance are determining the sampling. If this is not possible (e.g. the required
precision for each parameter can not be achieved), separate sampling programmes shall be set up for each
group of parameters.

NOTE This can be relevant for the total sampling programme, as well as for a specific part of the sampling
programme (e.g. the conditions for preservation, storage and packaging). Keeping the total sampling programme simple
— and thus trying to avoid too many deviations — will avoid in itself the occurrence of human errors.
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5.2.5 Background information on the soil stockpile

5.2.5.1

General

Background information on the stockpile will often be essential in order to get (general) information on the
material to be sampled. Background information shall be obtained in accordance with 5.4 of this part of

ISO

10381, Clause 6 of ISO 10381-1:2002 and Clause 6 of ISO 10381-5:2005.

The effort that should be put into obtaining prior information depends on the purpose for sampling in
combination with the sampling strategy that is used to fulfil this purpose.

NOT
pote

Prio
(sed

5.2.

The)
rela

Ins
and

order to get access to the stockpile and inform if.thére are site specific health and safety (see 5.4)

toc

5.2.

The)
potd
stod
proq
this

5.2.

The)
dist

E When for instance the purpose for sampling asks for high quality information, this need for (inf
ntially be fulfilled in two ways:

by obtaining a lot of qualitative and/or quantitative information as prior information and using/in*additio
information a relatively simple sampling strategy;

by obtaining only little prior information and using an intensive sampling strategy (manyJincrements and/d

r information can also be essential for assessing the safety aspects of sampling the particul
5.4).

5.2  Site details
project manager shall establish details of the site locationrand access, including any perceiy
ing, for example, to high stockpiles, non-consolidated stockpiles or difficult access.

the client for whom the stockpile is sampled. }£:s0, the project manager should contact the s

pmply with.

5.3  History of the soil
project manager shall establish a description of the history of the soil stockpile in order to dg
ntial environmental risks involved. The history includes the period before the soil was st
kpile. The history of the( soil shall be based on the location(s) where the soil originates fr
esses that occurred antthat site. It should also include the process in which the stockpile wa
can give prior information on the spatial differentiation of soil quality within the stockpile.

5.4  Material type and dimensions

project.manager shall establish the soil characteristics (e.g. soil type, water content, ¢
ibution)\and dimensions of the stockpile to be sampled.

As pariof the particle size distribution, an estimate of the maximum particle size Dqr (see 3.8 and

brmation can

h to this prior

r samples).

ar stockpile

ed hazards

bme situations, there might be a difference between'the owner of the site where the stockpilg is situated

te owner in
regulations

termine the
ored in the
bm and the
5 formed as

article size

Annex B) in

the stockpile is necessary for the definition of the sample and increment size.

5.2.5.5

Preliminary investigation

Where the information established under 5.2.5.2, 5.2.5.3 and 5.2.5.4 is deemed by the project manager to be
insufficient, a preliminary investigation should be instigated. This preliminary investigation should either be
aimed at gaining the lacking information, or should result in a first identification of the soil, by means of which
an appropriate sampling plan can be established.
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5.2.6 Consideration of statistical methods

5.2.6.1 General

The selection of an appropriate method of sampling defines how, when and where samples shall be taken to
obtain the desired quantity of soil, both to be representative as well as being sufficient to meet the testing
requirements.

Probabilistic sampling shall be seen as the preferred option. However, in cases where the project manager
has identified that the heterogeneity and the inherent variability of the soil demands sample sizes or numbers
of increme ' j i nple
collection oh a judgemental basis. The available resources can also be exceeded due to a large particle

of the sall
choosing f

Based on t
the resourc
the conside

5.2.6.2 H

The project
When nece
principles fq

increm

samplg

sampling locations.

aterial. In both cases, a thorough evaluation of costs versus representativity shall be made_be
a form of judgemental sampling that will or can lead to biased testing results.

e variability within the batch, the degree of precision and reliability required from'the results,

ration of statistical issues is given in Clause 6.

robabilistic sampling

manager shall establish the quantity of sample material to be coltected for testing and anal
ssary, this shall include provision for replicate samples. Sanipling design is based on statis
r

BNt size,

size, and

and

es available, the project manager should select the appropriate sampling strategy. Guidancg on

Sis.
tical

Instructions|on the determination of the increment-and sample size are given in 6.6.

5.2.6.3 Judgemental sampling

The projec] manager shall specify the procedure for judgemental sampling for each specific situation,
including provisions for replicate samples. The basis of the judgemental sampling procedure is that it| will
resemble, 3s much as possible,.the probabilistic sampling procedure. Depending on the differences that| are
necessary fo enable (judgemental) sampling, the representativity of the samples can be biased or pnly
representatlve for a specific part of the soil stockpile. The project manager should be aware of this [and
consider thé¢ consequences of the judgemental approach.

5.2.7 Sampling technique

The technique _employed to collect samples will be influenced by the characteristics of the soil to be sampled
(e_g_ soil typer water content, dngrnn of consalidation, nr‘r‘nccihilify and particle ei7n) Guidance onl the
selection of appropriate sampling techniques is given in Clause 7.

5.2.8 Sample division in the field

The project manager should select appropriate pretreatment methods to reduce sample size for presentation
to the laboratory. Particle size reduction — often necessary to obtain representative analytical samples of the
appropriate size — is only allowed when laboratory conditions are met. Guidance on sample pretreatment in
the laboratory is given in ISO 11464 and 1SO 14507. A selection of pretreatment techniques suitable for
sample division in the field is given in Clause 8.
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5.2.9 Packing, preservation, storage, transport and delivery

The project manager should select appropriate methods for packing, preservation and storage, while transport
and delivery should comply with conditions and quality considerations. More information is given in Clause 9.

5.3

Specifying information in the sampling plan

5.3.1 General information

In preparing the sampling plan, the project manager shall specify the sampling techniques, the pretreatment

(in , ; ; amples, the
sanple containers and methods of storage, preservation and transport between sampling and|testing and
recgrd that information in the sampling plan. An example of a sampling plan is given in Annex A:

Thel| project manager should prepare a sampling plan incorporating, as a minimum, the following:

— | company (body) commissioning the sampling (client);

— | name of client representative;

— |date of placement of commission;

— | company performing the sampling;

— | name of the project manager;

— |name of personnel performing the sampling (the sampler);

— | purpose of sampling and there from derived primary and secondary sampling goals;

— | details of sampling location.

5.3.2 Stockpile data

— | Identification of the stockpile\(€.g. location, boundaries, spatial description);

— | description of the soil(to,be sampled (e.g. soil type, estimated water content, particle size distripution);

— | size of stockpile.to’be sampled;

— |way in which-the stockpile is available for sampling;

— | maximum particle size (Dgys).

NOTE The commissioning company (client) can supply general information on the soil stockpile.

5.3.3 Sampling

— (Applications of) sampling technique (see Clause 7);

— number of increments or samples to be taken (see Clause 6);

— increment size and/or sample size (see Clause 6);

— instructions on safety precautions;

— sampling date.
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5.3.4 Sample pretreatment

— Reduction of the size of the sample in the field directly after sampling (see Clause 8).
5.3.5 Packaging, preservation, storage, transport and delivery

— Packaging and preservation of the increment or sample;

— sample coding to be used (see Clause 9);

— storags and transport of-the-imcrement ot aalllpic,

— name 3gnd location of organisation to receive samples;

— date of|delivery of samples;

— name ¢f personnel who accepted the samples at delivery.
5.3.6 Acthal sampling

Taking the $ample(s) in accordance with all the instructions as provided by the Sampling plan.

5.3.7 Sampling record

—

For recording all procedures and results during sampling, a sampling record is produced. Basically,| the
sampling record corresponds to the sampling plan, but gives-sufficient space to write down observatjons
during sampling or (small) alterations in the original sampling plan.

As a first step of sampling, the sampling plan should be\checked in the field (see 6.7). In 5.5, guidelines| are
given on which types of alterations can be made by the sampler without consulting the person who has nade
the sampling plan (the project manager).

5.4 Health and safety
For health 3dnd safety aspects of sampling; see ISO 10381-3.

In addition|to the safety instructions in ISO 10381-3, the following sources can provide relevant sgfety
instructions|and regulations:

— (inter)nlational legislation,
— site specific saféty)instructions.

At most indistrial 'sites, special safety instructions/regulations are in effect. When relevant, the sampler shpuld
be informed about these regulations before entering the site, and shall comply with these regulations ddring
the presence on the site. Where (large) stockpiles are part of the (industrial) activities, heavy mechanical
equipment can pose an additional threat to the sampler. Operational personnel should be informed about the
presence of the sampler on the site.

When sampling non-consolidated stockpiles, the sampling plan should contain additional safety instructions
on how the stockpile shall be sampled safely.

5.5 In-field alterations

It can be necessary to make (small) changes to the sampling plan in order to perform the sampling. Some of
these changes will not influence the overall purpose of the sampling; the necessary samples are obtained and
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representativity of the samples is maintained at the desired level. Some changes will however have
consequences on the resulting quality of the testing.

In general, minor changes that have no effect on the results of sampling may be made in field by the sampler,
while major changes should be made or at least be approved by the project manager prior to sampling.

It is not possible to give detailed instructions on the type of changes that are to be considered minor or major.
This depends too much on the specific sampling situation and the desired test level. In general terms, the
changes listed in Table 1 are to be considered as major changes. However, any change to the sampling
plan — with or without consultation of the project manager — shall be noted and motivated in the sampling
record.

Table 1 — List of major changes in the sampling plan for which consultation
of the project manager is obligatory

Sulrject Major change Examples of possible reasons for the occurrence of a major change

Genl\eral information | Sample location The stockpile is no longer at the location Where it was supposed to be.
The accessibility of the location has changed (negatively).

Stofkpile data Identity of stockpile The material looks different from whatwas expected (e.g. colour, particle
size).

The stockpile is no longer at thg)location where it was supposged to be.
Two or more stockpiles partly overlap.
Size is significantly smaller/or larger then expected.

Sarmpling Sampling technique The necessity to use.a significantly different sampling technique, for
example, due to adifferent estimate of Dgg.

Size of increments Different estimate of Dgg
and/or samples

Number of increments | No time.available to obtain all the necessary increments andfor samples.
and/or samples

Sampling strategy Probabilistic sampling is not possible, for example, due to the size of the
stockpile.
Prefreatment Necessity of Pretreatment was not planned, but appears to be necessary due to, for
pretreatment example, a larger estimate of Dgg.
No pretreatment is necessary due to, for example, a smaller pstimate of
Dgys.
Rossibility of There is no clean and unused location at the sampling site.
pretreatment The weather conditions do not allow good quality pretreatmept.
Pagkaging, Identity of the samples | Breakage of sample containers.
pregervation, storage, Insufficient number of the appropriate sample containers.

tranjsport and‘delive
P v Quality of the samples | Potential contamination of samples due to, for example, the ipability to

use proper packaging material or preservation/storage condifions.

6 Sampling strategy

6.1 General

Sampling strategy is important due to the fact that soil is a particulate material. It is therefore to be considered
heterogeneous. As there are different types of soil particles present, the material has a “fundamental” level of
heterogeneity. In addition to this “fundamental” heterogeneity, substances of interest can be heterogeneously
distributed in the stockpile. As a consequence, the degree of heterogeneity will directly influence the
representativity of the samples. Therefore, statistics play an important role in defining the sampling plan. Basic
knowledge of the statistical principles are briefly mentioned in 6.2 and discussed in more detail in Annex D.
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Before designing the sampling strategy, the purpose of the sampling should be clear because it will determine
which type of sampling strategy is adequate and how reliable the sampling should be. The purpose of
sampling shall therefore be translated into more technically defined sampling goals. The purpose of sampling
and the therefrom derived sampling goals are considered in 6.3.

The practical translation from sampling goals towards the actual sampling activity will also depend on the
question of whether the sampling can fulfil the requirements of probabilistic sampling or not. If not, the
sampling shall take place on a judgemental basis. The number and character of the diversions from
probabilistic sampling will determine the degree of representativity of the judgemental sampling. To
understand the consequences of both probabilistic and judgemental sampling, 6.4 considers the principles of
both types of sampling.

The samplipg strategy deals also with the “where and when” of sampling. In 6.5, this subject is discUssgd in
more detail

Having det¢rmined the sampling locations, the number and type of samples should be determined. This is
discussed in 6.6.

Finally, the| choices that have been made should be incorporated in the sampling plan, see in general
Clause 5, ap well as 6.7 for more specific details.

6.2 Statistical principles

The basic dtatistical principles of sampling are briefly described in Anngx D. The text is not intended to Ibe a
statistical tgxtbook, and gives only a basic outline of the statistical elements relevant to this part of ISO 10881.
The explangtion of the statistical principles is grouped under five headings:

— Population (D.2). This is a statistical term for defining the ‘entirety of material — in general the stockp|le —
about which information is required. Specification of the population should be the starting point of [any
sampling exercise.

— Types [of variability (D.3). A good awarenessof the variability in the material being sampled is a pital
elemert in arriving at an effective samplingprogramme. Linked with this (for sampling granular matgrial)
is the meed to decide on the “scale” of the) sampling, i.e. the maximum volume of material within which
variatigns in quality are of no concern:

— Error (P.4). Apart from the variability characteristic of the material itself, sampling introduces additipnal
uncertginty, known as “sampling” error”. Analysis similarly introduces a further degree of uncertajnty,
termed “analytical error”.

— Statistical parameters. (D.5). A variety of summary measures, or “parameters”, may be used to
characierize a population (e.g. the mean, the median or the 90-percentile). It is important to consider the
choice jof parameter, because this can have a big influence on the size of the sampling error.

— Reliability (D'6). The greater the amount of sampling, the more reliable the results are likely to be. [The
major enefit of a statistical approach is that it enables this link between sampling effort and reliabilify to
be quantifred:

6.3 Purpose of sampling

6.3.1 General

The purpose of sampling should be clear prior to selecting a sampling strategy, as this is an essential step
towards defining the type and quality of the information that is to be obtained through sampling. The purpose
of sampling can be various, for example:

— the necessity to compare the quality of the stockpile with quality levels defined in (inter)national
legislation;
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of the sail;

to determine the (re-)usability of the soil;

to determine the leachability of the soil;

to assess the human and/or environmental risks;

other.

a change in ownership of the stockpile and the necessity for the buyer to know the (environmental) quality

The)
nec
whi

se reasons for sampling by themselves give no information on the type and quality of sam
pssary for complying with the purpose. Therefore, it is necessary to define the true sampling
h the sampling should comply.

Ad
6.3.
sam
only

stinction is made between the primary sampling goal (see 6.3.2) and the secondary samplin
B). The primary goal defines the sampling in short, general statements, giving direction towardg

one primary goal.

NOTE 1 When more than one primary goal is to be achieved with the same sampling programme, the
ofte be highly complex, if not practically impossible. Therefore, these situations_should be omitted.

The
sani
sele
nun

secondary sampling goal gives the detailed information that ‘ehables the project manager g
pling plan. Aspects like the type, size, scale and number of samples to be taken, the w
cted from the stockpile, and so on, are addressed by the’secondary sampling goal. Usually,
ber of secondary goals coupled with the primary goal

It is
goa

essential that the involved parties agree on the'purpose of sampling, and the therefrom deri
and secondary goals, prior to the actual sampling.

bling that is
goal(s) with

g goal (see
the type of

pling, but still lacking the necessary detail to define a sampling plan. In general, the sampling will have

sampling will

define the
hy they are
there are a

ved primary

When the purpose of sampling or the primary*goal does not explicitly define the quality and type ¢f sampling,

the |project manager has to define thesg according to his own judgement. Especially in these
acceptance of the sampling plan by thé involved parties prior to sampling is essential.

NOTE 2 In some cases, the translation from the purpose of sampling towards a sampling plan is fairly s
the fact that the number of samples, the type of samples and the sampling strategy are already defined in a
standard or in (inter)national legislation.

EXAMPLE In the Netherlands, a standardized sampling strategy is used for the sampling of soil stockpil
detgrmine if the soil is_'efean. The primary goal is to determine if the soil is clean in accordance with the D
Matgrials Act. In the 'Dutch Building Materials Act, the sampling of a soil stockpile is described in detail, an
manager only has.t6 copy this information into the sampling plan.

6.3.2 Primary goals

cases, the

mple, due to
nter)national

es in order to
utch Building
d the project

Three-generically defined levels of testing are described in 5.2.3, but, as mentioned there, othe)

r levels are

also possible, as well as other definitions of the three mentioned levels. These three levels are:

and properties of interest of the material.

conditions or reference conditions (e.g. legislation or contract).

Level 3: On-site verification, consisting of “quick check” methods to establish consistency
Level 2 results or other formulated documentation.

© I1SO 2006 — All rights reserved

Level 1: Basic (comprehensive) characterization, consisting of a thorough determination of the behaviour

Level 2: Compliance testing, consisting of (periodic) testing to determine compliance with specific

with either
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These are examples of primary goals. In short, still general terms, the primary goal defines which type of
sampling should be carried out.

Depending on the primary goal and the (inter)national legislation, rules, standards, and accepted methods, the

primary goal does imply, directly or indirectly, the quality and type of sampling needed. When there is only an
indirect relation, the programme manager has to define the quality and type of sampling explicitly.

6.3.3 Secondary goals

The secondary goals coincide with the elements of the sampling plan:

— definitipn of the stockpile to be sampled (the population);
— definitipn of the components to be determined and/or tests to be carried out on the samples;

— definitipn of the statistical parameter to be determined (e.g. mean concentration, degree)of*heterogengity,
percentile);

— definitipn of the type of sampling (probabilistic or judgemental);

— definitipn of the scale of sampling (the use of increments and composite,samples or individual samples
and the scale on which the soil should be tested);

— definitipn of the desired precision and confidence.
By defining|the secondary goals, part of the information necessary,in‘the sampling plan is generated.

Annex G gives some examples of the definition of types of sampling based on the purpose of sampling|and
the therefrom derived primary and secondary sampling goals.

6.4 Typdgs of sampling

6.4.1 Probabilistic sampling
The basis df probabilistic sampling is that:each soil particle within the population — that is the whole stockpile
to be assegsed (see D.1) — has an gqual chance of being selected by the sampling process. In probabilistic
sampling, the sampling design is based on statistical principles for:
— sampling locations (s€e"6.5);

— incremgnt size (see 6.6);

— sampldg size (see 6.6).

6.4.2 Judgemental sampling

In contrast, judgemental sampling is where samples are taken in accordance with a non-probabilistic
procedure. The most common reason for falling back on judgemental sampling is that representative sampling
from the whole population is practically impossible, given the available resources in time and/or money.
However, because judgemental sampling may take any form that is convenient it can result in highly biased
samples, and so have severe financial and/or environmental consequences. It is therefore preferable for
judgemental sampling to depart from probabilistic sampling as little as possible.

Judgemental sampling can be preferred as a sampling methodology over probabilistic sampling when specific
parts of a stockpile are to be sampled. This will often be the case when a subpopulation is to be investigated,
as the occurrence of that specific subpopulation is often not obvious from “the outside” of the stockpile.
Probabilistic sampling of the subpopulation will then be practically impossible.
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EXAMPLE 1 In a soil stockpile, specific particles appear to have an unexpected colour. It is decided that these
particles should be investigated. It is however impossible to sample these particles according to the conditions of
probabilistic sampling. Therefore, only part of these particles — the ones that are present on the outside of the stockpile —
will be sampled.

EXAMPLE 2 In a soil stockpile, a small portion of old bricks and building materials is present. There is reason to
believe that the concentrations of e.g. heavy metals in the soil are significantly different from the concentrations in the
stones and bricks. Therefore, the soil material and the stones and bricks will be sampled individually. The soil will be
sampled according to the conditions of probabilistic sampling, whilst the stones and bricks will be sampled as far as they

are visible on the outside of the stockpile.
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rdingly, two types of judgemental sampling can usefully be distinguished:

informative judgemental sampling;

non-informative judgemental sampling.

B Informative judgemental sampling

use of judgemental sampling will nearly always result in samples being taken from a subpopu
Ibstantially more restrictive than the population. Within that subpopulation, however, it may be
sampling to be probabilistic — in which case, it can be termed “informative” judgemental sar

Hitions for probabilistic sampling are met), though it still runs the fisk of being biased for the pog

Samples might be taken at random from the top 50.cm of a stockpile. The advantage of doi
pws statistically sound information to be generated for at least’the subpopulation sampled. This make
ss the possible errors involved in extrapolating to the whole“population (i.e. the stockpile), whilst also m
vay in which the sampling is unrepresentative.

MPLE 2 Another example is where sampling is'restricted to a maximum particle size. For example, s
ken using a 3 cm auger for sampling soil with aimaximum particle size of 5 cm. The larger particles will
ample. When the auger size is the only derivation of probabilistic sampling, the samples will be represer
of the population. Which part is now more-difficult to define as particles of, for example 2,5 cm diamete
only a small probability to enter the auger.

# Non-informative judgemental sampling
non-informative judgemental sampling, in contrast, no attempt is made to achieve ¢

sentativeness (or perhaps previous attempts have been abandoned). In this situation, there i
ing how useful or representative the resulting samples may be.

Samplingdocations

1 General

location where the samples or increments shall be taken is determined by the sampling

ation which
feasible for
npling. This

ns that the results will still be representative for the part of the population sampled (within which the

ulation.

ng this is that
s it easier to
aking explicit

bmples might
not be part of
tative for the
, will already

ven partial
S no way of

attern. The

pling pattern aerines the way In wnich the samples are selected 1rom the population. Inree

sampling patterns and two options for judgemental sampling are illustrated in Figure 3.

NOTE 1

robabilistic

Figure 3 only provides a conceptual definition of the sampling locations, for simple understanding displayed in

a two dimensional sampling situation. A more realistic example of the three-dimensional definition of sampling locations in
a soil stockpile is provided in Figure 4. The systematic sampling pattern displayed in Figure 4 is explained in H.1.3.

This Subclause only gives the concepts of the definition of the sampling locations. In Clause 7, methods are
given for the sampling of a stockpile according to probabilistic sampling (simple random sampling, stratified
random sampling and systematic sampling) as well as judgemental sampling (spot sampling and directional
sampling).
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a) Simple random sampling b) Stratified random sampling c) Systematic sampling
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Figure 3 — Different types of sampling pattefns for probabilistic and judgemental sampling

NOTE 2  The figure illustrates the patterns for thescentext of a two-dimensional spatial area. However, the condepts
equally apply to a three-dimensional spatial area, as well as temporal variability.

6.5.2 Simple random sampling
With simplg random sampling;every portion of the population has the same (small) chance of being selefted

as a sample¢. However, thewresulting pattern will not necessarily be very evenly spread across the population.
Consequently, other meré.structured forms of sampling are often preferred to simple random sampling.

6.5.3 Stratified-random sampling

With stratifiedTandom sampling, specified numbers of samples are spread randomly over each of a numbeér of
strata that are predefined in the population. This preserves the advantages of random sampling, whilst
ensuring that each stratum is represented by a predetermined number of samples. Where the number of
samples in each stratum is proportional to the proportion of the population falling into that stratum, the
sampling is termed “self-weighting”. Often, however, there are advantages in having equal numbers of
samples in each stratum and, subsequently, weighting the results by the estimated stratum sizes in the
population. This is the easiest when all strata are of the same size.

NOTE Potentially, it is possible to define the strata based on, for example, the process that resulted in the material to
be sampled or knowledge of a spatial differentiation within the material. However, this is not advisable for sampling soil
stockpiles, as, in general, the spatial differentiation within the stockpile is unknown or at least uncertain.
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The|dotted linesindicate the volume represented by each individual sample.

» 4 — Examnle of the definition of i I il stacHpile

6.5.4 Systematic sampling

With systematic sampling the samples are evenly spaced across the population. Preferably, the systematic
pattern is starting from a randomly chosen point.

Systematic sampling has obvious operational advantages. For the benefits of probabilistic sampling still to
apply, however, the approach does rely on the assumption that there are no systematic components of
variation within the population which “run in step with” the chosen sampling frequency. Systematic sampling
should therefore be applied with care when it is used in place of a random or stratified random approach.
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NOTE Distinct spatial patterns that might interfere with the representativity of samples taken from a systematic
sampling pattern are difficult to define in a stockpile. Therefore, in most cases, systematic sampling will result in samples
that comply with probabilistic sampling.

6.5.5 Judgemental sampling

Judgemental sampling can embrace a wide variety of sampling patterns, but these can be broadly categorized
as informative and non-informative.

Figure 3 d) shows an informative judgemental programme. The subpopulation is the narrow strip around the
central region. Within this, however, there is a systematic sampling pattern (chosen such that there is no risk

of the samples running in step with any systematic pattern that may be present within the subpopulatien)l. As
this is a forin of probabilistic sampling, the statistical benefits associated with this approach may be explo|ted.
That is, thg methodology of Annex D can be used both to estimate the parameter of interest and alsp to
calculate a ponfidence interval to quantify the uncertainty surrounding that estimate.

In contrast,|the pattern in Figure 3 e) is typical of non-informative judgemental sampling~From this, nothing
can reliably|be inferred about mean quality except in the immediate vicinity of the sampling,“There is, however,
one situation in which this type of sampling can be preferable: that is when the purpose 'of sampling is simply
to estimate fthe characteristics of an atypical material that is unexpectedly present in the population.

6.6 Determining the size and number of samples and increments

6.6.1 Gerneral

The samplifg plan shall contain specific instructions on the number of increments and/or samples to be taken,
the size of the increments and/or samples and, when relevantthe number of increments that should beg put
together in & composite sample.

NOTE For a good understanding of this clause, the definitions of increment (3.5), sample (3.16) and comppsite
sample (3.4)|are essential. Furthermore, the background principle for the estimation of minimum increment size (3.9), the
minimum sample size (3.10) and the actual increment-size”(3.2) and actual sample size (3.3), as given in Annex B| are
important.

In order to|define the specific instructions heeded for the sampling plan, the following activities should be
performed in subsequent manner:

a) definitipn of the type of samples to’'be taken (see 6.6.2);

b) estimation of the minimum‘inCrement and/or sample size (see 6.6.3);

c) definitipn of the number of increments and/or samples to be taken (see 6.6.4);

d) calculation of theractual increment and/or sample sizes (see 6.6.5).

6.6.2 Def1nition of the type of samples

Depending on the purpose of sampling (see 6.3), different types of samples shall be taken from the stockpile.
A distinction is made between two types of “samples”: increments (3.5) and samples (3.16). For each
sampling situation, the type of samples which provide the desired information shall be chosen.

In general:
— One (or only a few) sample(s) will be taken when an indication of the quality of the stockpile is sufficient.
Costs of sampling and analysis will be low (spot sampling).

— A (large) number of increments will be taken when a good estimate of the mean quality of the stockpile is
desired. The resulting composite sample(s) in which the increments are put together prior to analysis will
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result in a reliable estimate of the mean quality. Costs of sampling will be relatively high, but costs of
analysis will be low (composite sampling).

— A (large) number of samples will be taken when a good estimate of the quality of the stockpile is desired.
In addition to a reliable estimation of the mean quality information on the heterogeneity within the
stockpile will also be obtained. Costs of sampling and analyses will be high (spot sampling).

When the purpose of sampling does not directly specify the type of samples, the project manager shall consult
the involved parties prior to the definition of the sampling plan (and sampling).

6.6.3 Estimation of increment and sample size

6.6.5.1 General
As mentioned in 6.4.1, one of the requirements of probabilistic sampling is that all particles’in the spil stockpile
could be part of the sample. This has effect on the scale (volume) of both increménts and samples. In this
clayse and subsequent subclauses, the increment and sample size will be determined. Increment @nd sample
sizg are estimated in accordance with the following subsequent steps:

Determination of the minimum increment size see 6.6.3.2;

Determination of the minimum sample size see 6.6.33.

Subisequent steps are the definition of the number of increments and/or samples and the calculation of the
actyal increment and sample size, see 6.6.

If the sampling is carried out on the basis of a number aefincrements or samples, the individual ingrements or
sanjples shall be equal size (+ 25 %, mass fraction).

NOTE By using sampling equipment tailored to~the material, the increment size is generally laid down much more
predisely than the value of + 25 % indicated for guidance purposes.

6.6.8.2 Estimation of the minimum increment size

Thel minimum increment size whenvsampling from a soil stockpile shall, under the different condjtions under
whi¢h the sampling shall be carried out, meet the following requirements:

— | The actual width, height ‘and length of the sampling equipment shall be at least equal to thrge times the
maximum particlessize (Dgg) of the material to be sampled in the case of materials with @ maximum
particle size (Dgg)-0f at least 3 mm.

— | The actualiwidth, height and length of the sampling equipment shall be at least equal to 10 mm in the
case of\materials with a maximum particle size (Dgg) of less than 3 mm.

Annex-B\provides more detailed information on the estimation of the minimum increment size.

6.6.3.3 Estimation of the minimum sample size

Irrespective of whether composite sampling is to be used, it is important that each sample is sufficiently large
for the effect of fundamental variability (see Annex B) to be negligible and meets the quantity requirements for
testing and analyses. This is particularly important when the contaminant or characteristic of interest
constitutes only a small proportion of the material. Annex B provides an equation for estimating the minimum
sample size (by mass).

At the sampling stage, samples shall be taken of at least the size determined on the basis of the formula for

the minimum sample size, see Annex B. However, when the actual sample's size is larger than the minimum
sample size (see 6.6.5), samples should (at least) comply with the actual sample size.
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6.6.4 Definition of the number of increments and/or samples

Irrespective of whether composite sampling is to be used, the next step is to determine the required number of
increments and/or samples. E.2.7.1 provides a methodology for determining the required number of
increments (m) and samples (n).

The number of increments and/or samples is directly related to the purpose of sampling (see 6.3) and the
desired precision and confidence (see D.5.2).

The variability of the soil to be sampled also influences the precision and confidence realized in a sampling
programme. It is therefore impossible to fulfil exact requirements for precision and confidence with a

one-stage dampling programme.
When sampling consists of taking increments and putting these increments together into ome“or n
composite $amples, the number of increments in each composite sample shall be quantified inCthe samj

plan. In mgst cases, the number of increments will be equal for all composite samples within’ the samg
programmel, which simplifies statistical analysis.

6.6.5 Calgulation of the actual increment and/or sample size

Where comfposite sampling is not being considered, the question of increment size is irrelevant and the ad
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7 Sampling equipment and techniques

71

General

This clause describes suitable techniques for the sampling of soil stockpiles found in a variety of locations and
consisting of a variety of soil types. This clause of ISO 10381 also gives guidance on the selection and
appliance of equipment used in the sampling programme.

Prior to the selection of the sampling equipment and technique, the method of sampling has to be chosen.
This involves combining the desired sampling strategy as chosen based on 6.5 and the local situation
encountered.
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The sampling equipment and sampling technique are closely related. Specific techniques can only be used
adequately with specific types of sampling equipment. In 7.2, different sampling techniques suitable for
sampling soil stockpiles are described. The sampling equipment to be used for these techniques is mentioned

in7

.3, but a more detailed description is given in Annex .

Finally, having chosen the correct sampling technique and equipment, the results should be incorporated in
the sampling plan (see 7.4 and Clause 5). When the sampling plan is defined, sampling can be carried out
according to the directions given in Clause 6 and this clause.

For simplicity reasons, in this clause, the material sampled will be referred to as “sample”, irrespective of the

fact

7.2
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probabilistic sampling (see 6.4.1) and sampling techniques that will basically‘result in non-
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As part of the sampling plan, determine the way in which the sampling shall be carried out.
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probabilistic sampling and judgemental sampling, priority is given to probabilistic sampling.

7.2.

The

that it can be either an increment (3.5) or a sample (3.16).

Sampling techniques

imber of different sampling techniques are defined in this subclause and discussedtin more
sequent subclauses. A distinction is made between sampling techniques that are“potentially

ples and are therefore (in principle) only suitable for judgemental sampling-(see 6.4.2). Un
ditions, the “non-probabilistic” sampling techniques can also result in probabilistic samples, as
a, and therefore the distinction made in this subclause should only be _cosisidered as a rough o

1 Determination of the sampling method

E1 The prevailed sampling strategy is based on a random, stratified random, or, under specifi
bmatic selection of the sampling location(s) by means of whi¢h probabilistic samples can be obtained.

method of sampling is determined by the conditions under which the sampling shall be carrieq
Hitions are determined by both the (type .of) soil to be sampled, the size of the stockp|
bssibility of the stockpile, as well as the timé)and financial possibilities for sampling.

E2
hanical shovel used to transfer the soil, is often to be preferred above sampling from a static stoc
Eport probabilistic sampling is often much easier to accomplish than from the stockpile itself. However, in

most often not possible to sample\the soil during transportation and thus sampling will be carried out fr
kpile.

sampling shall be carfied out in accordance with probabilistic sampling as defined in 7.2.2 and

pling, as defined;in 7.2.3 and H.2. In view of the difference in quality between the samples

P Sampling techniques for probabilistic sampling

following sampling techniques will, when applied correctly, result in probabilistic samples:

Hetail in the
suitable for
brobabilistic
der specific
well as vice
utline.

c conditions,

out. These
le and the

Sampling during transportation -0f\the soil, by means of sampling from a conveyor belt or sanjpling from a

kpile. During
Haily practice,
bm the static

H.1. Only if
udgemental
bbtained by

See

simple random sampling;
stratified random sampling;
systematic sampling.

also 6.5.

In the case of a stockpile which, due to the way it is available for sampling, cannot be satisfactorily
differentiated from adjoining stockpiles, a “safety margin” shall be applied in connection with the spatial
definition of the stockpile such that adjoining stockpiles do not partially overlap.
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NOTE The size of the sampled stockpile is actually reduced by this safety margin. The material in the safety margin
(the area where the adjoining stockpiles possibly overlap each other partially) can therefore not be assessed.

See Annex H for more details on the different sampling techniques.

7.2.3 Sampling techniques for judgemental sampling

When applying judgemental sampling, it can be preferred to deviate as little as possible from the probabilistic
sampling. In those situations, the sampling techniques as mentioned in 7.2.2 and H.1 shall be used. In other
situations, these sampling techniques are not applicable, or other types of sampling are preferential given the
purpose of sampling. The following sampling technigues will normally not result in _probabilistic samples, but
are applicable for judgemental sampling:

— spot sgmpling;

— directignal sampling.

See Annex[H for more details on the different sampling techniques.

7.3 Sampling equipment

Selecting spitable sampling equipment is important for obtaining good quality samples. Advice should be

sought on:

a) the risk assessment of the sampling activities and the safety.procedures to be implemented during
sampling and transport;

b) the mojsture content of the soil;

c) the makimum size and size distribution of the soil particles;

d) the acdessibility of sampling points;

e) the quantity of soil necessary for the testssanhd analyses.

In the case |of soil stockpiles, augers, dfill sampling tubes, scoops and shovels are used. Sampling equipment,

ancillary apparatus (and sampling containers) should be made of materials that do not interact physically or

chemically yith the sample.

Basic requifements commonoyall sampling equipment and ancillary apparatus are

— suitabiljty for purpose;

— safety |n operation,

— ability fo'take a representative sample from the required sampling point,

— capability of preserving the integrity of the sample until it can be transferred to a sample container,

— ability to be cleaned,

— simplicity in use,

practicality of use, and

ability to withstand rough usage.

Suggested applications for generic types of equipment are detailed in Table 2.
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Table 2 — Suggested applications for generic types of sampling equipment suitable
for sampling soil stockpiles

Det

The
sani
sanf

Ing
siz¢

Generic sampling Dry fine Moist fine | Dry coarse | Moist coarse c\c::ge
apparatus grained soil | grained soil | grained soil | grained soil soils @

Soil auger +/- + + + -
Drill auger - + + + -
Mechanical drill - - - - +b
Open sampling tube — + — — —
Half cut sampling tube + +¢ - - =
Plunger sampling tube +/— + — _ Z
Scoop +/—d + + + +
Mechanical shovel - - - + +
@  Soils consisting of particles larger than 50 mm diameter.
b Suitable for taking part of the individual particle.
€ Only suitable for a sludge.
d Suitability depending on wind velocity.

hiled descriptions of the equipment identified in Table~2-are given in Annex |.
size of the sampling equipment depends on the (maximum) particle size of the soil and thg
ple required. Depending on whether increments (3.5) or samples (3.16) are taken, the
pling equipment should at least be equal to the actual increment or sample size respectively

(Dgs) in all directions that are relevant-for the sampling process.

quantity of
size of the
(see 6.6.5).

eneral, the opening used for sampling should at least be three times the diameter of the maxinpum particle

7.4| Incorporation in the sampling plan

Before actual sampling, the‘selected sampling equipment shall be prescribed in the sampling plan, see
Clagise 5.

When the circumstances in the field deviate too much from the assumed situation in the sampling plan, the

san

pling plan should be altered. Depending on the type of alterations, the project manager wh

b made the

san|pling plan.should be consulted prior to actual sampling. Subclause 5.5 gives instructions on|the type of
altefations_that'can be made by the sampler, and the alterations for which the project managef should be
congulted:

7.5 -Sampling

Prior to sampling, all elements of the sampling plan should be checked (see also 7.4). As a second step, the
identity of the soil stockpile should be checked and recorded in such manner that it can be checked again on a
later date. The most appropriate method is to photograph the stockpile.

NOTE Verification of the identity of the stockpile is often essential, specifically when the stockpile is publicly
accessible or on a production site. Changes to the identity of the soil stockpile, either due to adding or removing (part of)
the soil, will result in loss of validity of the sampling results.

For further identification of the stockpile, a number of visual characteristics can also be useful (e.g. colour,
particle size, soil type). These characteristics should be noted by the sampler and be checked against the
sampling plan when these kinds of characteristics are already mentioned there.
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When the sampling plan is fully checked, the sampling locations shall be defined on the actual stockpile. This
can be done either for all sampling locations at once or on individual bases prior to the sampling at that
specific point.

After defining the sampling location, the sample is taken using the defined type of sampling equipment and
applying the correct sampling technique.

Having obtained the sample, it is either directly stored in a suitable sample container (see Clause 9), or stored
after appropriate sample pretreatment in the field, in accordance with Clause 8.

8 Sample pretreatment

8.1 General

Sample prgtreatment is the process of subsampling, necessary to obtain a representative subsamplg for
packaging and transport to the laboratory.

In sample pretreatment, two types of sample manipulation can be recognized:

— samplg division: obtaining subsamples of smaller size than the originalsample without reducing| the
particlg size of the individual particles;

— particlg size reduction: grinding the sample in order to reduce the particle size of the whole (sub)sample
withouf reducing the sample size (mass).

Sample pretreatment is almost always necessary, as the amount of material sampled is larger than|the
amount of material necessary for the test or analysis.

When possjble, the sample pretreatment shall take place in the laboratory, as sample integrity can be pest
guaranteed|under laboratory conditions. However, the’sampling of coarse material and the necessity to|use
large sampling equipment (e.g. a shovel) can resultiin (very) large samples. Sample pretreatment “in the fleld”
can then bqg advisable in order to prohibit that these large samples have to be transported to the laboratory. In
these situafjons, sample pretreatment “in the field”, directly after sampling, is advisable.

The requirgments for sample pretreatiment in the field are the same as for sample pretreatment in|the
laboratory. As the circumstances are.in most situations not at all comparable to laboratory conditions, the fype
of sample [pretreatment that is @llowed in the field is limited to sample division. Only when labordtory
conditions are available on site*(there is a sample pretreatment laboratory/facility present), can the full rgnge
of sample Iretreatment activities — thus also including particle size reduction — be carried out directly xfter
sampling. As these conditions are only met in exceptional cases, sample pretreatment in this paft of
ISO 10381 pnly provides.directions for the sample division that is possible in the field.

Whenever yolatile“components are to be determined, the process of sample pretreatment can result jn a
substantial Joss\of these components. Sample pretreatment shall be omitted in these cases by taking specific
samples for the determination of volatile components. These samples shall be sealed directly after sampling,
cooled and analysed as soon as possible after sampling.

In the case of very coarse soils, it can be necessary to reduce the particle size of the larger particles in the
field in order to be able to send a representative sample of an acceptable size to the laboratory. When
grinding or crushing “in the field” is truly necessary, measures have to be taken in order to prevent
contamination and/or loss of both components and soil material. This part of ISO 10381 does not give
instructions for these situations. In general, the basic International Standards for sample pretreatment are
ISO 11464 and ISO 14507.

One should realise that the quality of subsampling in the field is less than the quality of subsampling in the
laboratory, due both to the (environmental) circumstances for subsampling and to the inability to use the best
possible subsampling method. When transfer of the individual sample(s) or composite sample(s) to the
laboratory is possible, this should be considered as a preferable option.
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Requirements

8.2.1 General

In most methods of sample pretreatment, there is a risk that the final composition of the subsample(s) will
differ from the composition of the original individual sample or composite sample. This can be due to the
nature of the material or the method selected for sample division. Especially the particle size reduction is a
potential source of large changes in the composition of samples, and is therefore (in principle) only allowed in
a fully-equipped pretreatment laboratory. Nevertheless, sample division can also result in significant changes
in the composition of the material when no or inadequate precautions are taken. Examples include loss of

It is
cha

8.2.

The]
sanf
dete

cle size reduction is applied contamination of the sample by abrasion or pick-up from
pces and oxidation of newly exposed surfaces also influence the sample integrity.

therefore preferable to choose a method of sample pretreatment that causes the minimd
hge in composition particularly with respect to subsequent requirements of the material.

P Minimum size of the subsample

minimum size of the subsample is determined by the maximum size of-the particles that are pr
ple. When the sample contains macro-aggregates, the maximum size of the macro
rmines the minimum size of the subsamples whenever the macro-aggregates behave lik

particles during sample pretreatment, i.e. when macro-aggrégates are not cut into pied

(suk

The
orig

)sampling equipment used. (See also 8.4.2 for macro-aggregate size reduction.)

relation between the minimum size of the subsamples and the maximum size of the particles
nal sample is given in Table 3.

The relation is based on the formula for the miaimum sample size as given in Annex B.
For the variables, it was assumed that:

— the density of the particles ( Zparicie ) is 2,6 g/cm3;

— the coefficient of variation'due to the fundamental error (CVy,q error) is 0,1; and

— the fraction of the particles that contains the constituent of interest (w y5pigie) is 0,02.

nent. When
e crushing

m possible

esent in the
aggregates
e individual
es by the

(Dgs) in the
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Table 3 — Minimum size of subsamples as a function of the maximum size of macro-aggregates
or particles present in the sample

Maximum size of macro-aggregates or Minimum size of subsample(s)
particles in the sample
mm g
0,2 0,01
0,4 0,1
0,6 0,4
(Vo) (Vo)
1 2
2 15
4 110
6 360
8 850
10 1600
12 2900
14 4600
16 6 800
18 9700
20 13 000
22 18 000
24 23 000
26 29 000

8.2.3 Notes to Table 3 and practical considerations

a) Particlg sizes: Although Table 3'gives the minimum sample size for pretreatment for soil with a maximum
particlg size varying between 0,2 mm and 26 mm, this does not imply a limitation to the particle sizgs of
soils.

b) Linking minimum subsample size and maximum particle size assumptions: In the above assumptipns,
for linking the mMinimum subsample size with the maximum particle size, it is assumed [that
(approximately).opne in every fifty particles contains the constituent of interest, and the concentration of
the component\io be determined per particle does not vary too widely. If these assumptions are not vglid,
Annex B should be consulted for more information on the minimum (sub)sample size.

c) Minimum sizes of subsamples: The minimum sizes of the subsamples, as provided in Table 3, are only
based on the theoretical relation between the particle size and the minimum sample size.

1) The minimum sizes of the subsamples were calculated with the following assumptions: density of the
particles (ppamcle) is 2,6 g/cm3; coefficient of variation due to the fundamental error
(CViund. error) is 0,1; fraction of the particles that contains the constituent of interest (w ,4rigie) is 0,02

2) In addition, it is also assumed that the subsamples are taken by a single action, and therefore the
requirements of the increment size are of no influence.
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In practice, the minimum size of subsamples should also be determined by the amount of material

necessary for laboratory analyses. Under the above assumptions and a given maximum particle size,

subsamples might never be smaller than specified in Table 3. When more material is
analysis, the size of the (final) subsample shall be enlarged. When less material is
analysis, the particle size shall be reduced before further subsampling is applied to

needed for
needed for
obtain the

required amount of sample material. The latter type of sample pretreatment (particle size reduction)

shall be carried out under laboratory conditions.

4)
0,4 g, the minimum subsample for a specific analysis should not be smaller than 20 g, a
amount of material necessary for the analysis.

Although the maximum particle size of a soil is 0,6 mm, and thus the minimum (sub)sample size is

s this is the

Volume versus mass: The minimum sample size potentially can be defined as a volumé or

as a mass.

However, as the volume per mass ratio can vary significantly, a volume-based minimum safnple size is

more variable than a mass-based minimum sample size, and thus the latter should he used ag

Boulders: Some soils (partly) contain (very) large boulders. If these boulders were considere]
the sample, this would result in extremely large samples, both in the field and for the ma
transferred to the laboratory. However, often only the smaller soil fraction‘is of interest, an
these boulders can be neglected both during sampling and sample_pretreatment. Whe
a situation is encountered, the sampling plan should clearly, define the material thg
sampled/subsampled.

Small particle sizes: For small particle sizes, the minimum size of the subsample can be very 5
is relevant for subsampling in the laboratory, in order to obtain the analytical sample. For sub
the field, a minimum amount of approximately 200 g.should at least be transferred as sa
laboratory. Further subsampling will then take place inythe laboratory.

Actual size: It shall be noted that the minimumsize of the subsample(s) as given in Table
necessarily mean that this is the actual size tobe used. Larger sizes of subsamples might be
analysis, and therefore the size of the subsample(s) shall be checked with the laborator]
Item c) 3).

Laboratory samples: For practical-reasons, the maximum size of the samples to be sent to th
should not be larger than approximately 20 kg to 30 kg. When larger subsamples are needed
the large particle size, the particle size shall be reduced adjacent to sampling. As particle size

a basis.

d as part of
terial to be
d therefore,
never such
t is to be

mall, which
sampling in
mple to the

3 does not
needed for
y (see also

b l[aboratory
because of
reduction is

(in principle) only allowed under laboratory conditions, see 8.1, for these situations eithgr a mobile

laboratory or on site labaoratory is needed.

Integrity of samplingZSample division into a number of representative subsamples can only be
in the field when'the integrity of the sample and subsamples can be assured. To assure this

carried out
bffectively a

sheltered area“is necessary in most situations. Without adequate shelter, weather conditions like wind

and rain can.pose a serious threat to the quality of the samples.

Compounds to be analyzed / test:  Finally, the compounds to be analyzed in the (sub)samp
test.to be carried out, will in some cases affect the possibilities or methods of subsampling.

e(s), or the

8.3 Equipment for sample pretreatment

For the purposes of sample pretreatment, one or more of the following apparatus, as identified in the sampling
plan, is required:

large heavy-duty plastic sheeting;
spade;
sledge hammer;

mechanical shovel;
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riffle box;
Tyler divider;

mechanized turntable/rotating dividers.

8.4 Pretreatment methods

8.41

Making composite samples

When composite samples are produced, the basic principle is that the composite samples should cor
equivalent quantities (mass fraction) of the individual increments. The quantities of the increments to be.m
together shpuld be determined on the basis of the dry matter content of the individual increments A it is
possible to determine the dry matter content in the field, two options for the composition of compasite sam
are possibl¢:

putting

— putting
When incrg
content for
same stock]
Putting inc
sampling o
others. Wh
in the labor

NOTE 1 |

particulate n
moisture con

Mixing incrg

When the ¢
accordance

When the ©
reduction fg

NOTE 2
the laborator

8.4.2 Pro

the increments together in the field;

the increments together in the laboratory.

all increments is (approximately) the same. In most cases, whére increments are taken from
pile, this will be the case. Increments of the same size/mass+can then be put together in the f
ements together of the same volume/mass from two .or ‘more stockpiles, can result in

ne of the stockpiles when the dry matter content of that stockpile is significantly higher than
bn a significant deviation in dry matter content is expegted, the increments should be put toge
btory after determining the dry matter content of each, of the individual increments.

h practice, it is often assumed that increments can actually be mixed, for instance by stirring. Mixin
aterials is however very difficult, especially when‘the increments have a different particle size distriby
tent or soil types. Appropriate mixing can only-be’realized by specific sample pretreatment methods.

ments in the field is therefore hardly~possible and shall be avoided.

pmposite sample is larger than20' kg to 30 kg, the size of the composite sample may be dividg
with Annex J.

omposite sample is smaller than 20 kg to 30 kg, subsamples may only be taken after particle
r the full composite_ sample. Particle size reduction is only allowed under laboratory conditions.

Vhen the compasite sample exceeds 20 kg to 30 kg, it is preferable to transfer the individual incremen
y to produce the,composite sample and carry out the subsequent subsampling.

cedurefor macro-aggregate reduction by hand

tain
xed
not
ples

ments are put together in the field, it is essential that it may be assumed that the dry matter

the
eld.
bver
the
ther

g of
tion,

din

Size

ts to

les”

In some c4g

ses) the soil is strongly aggregated. Macro-aggregates should be seen as individual “partig

when the method of sampling and sample pretreatment is not able to sample part of a macro-aggregate.

For

sample pretreatment, this happens for instance when a riffle box is used for dividing a moist or clay-like soil.
As the particle size determines the minimum size of the subsample(s), it will be preferable when the size of
macro-aggregates can be reduced during or prior to subsampling.

As reduction of macro-aggregates by hand will result in a relatively long and intense contact of the sample
with the air, this method may only be applied when sample integrity is not influenced during this period.

Identify the maximum size of the macro-aggregates, using the minimum size of the subsample as a starting
point, as given in Table 3. When the desired size of the subsample is smaller than a given minimum size of
the subsample, further reduction of the macro-aggregate size is necessary.
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A sample can be divided into subsamples or analytical samples either mechanically or, manually. R
referable to use a mechanical system for subsampling, since this results)in® more representative
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Identify an area of hard surface sheltered from the effects of wind and rain, preferably flat and large

enough to allow ease of access around the whole sample when spread evenly on the surface.

Place a clean protective floor covering, preferably heavy-duty plastic sheeting, to protect the sample from

contamination by the surface.

Place the sample on the covering/plastic sheeting and spread evenly to identify all macro-aggregates

within the sample.

Using the base of a spade or the head on a sledge hammer gently reduce the size of
aggregates until all oversized material is less than or equal to the required particle size

the macro-

B Subsampling methods

samples. This is however only true when the material is dry and particles can move through

sampling in the field directly after sampling. If the particles in the samplé behave cohesively,
ion is often impossible due to cohesion of soil in the system and subsequent blockage of the
N when the mechanical division is still possible, mechanical sub-sampling devices will proba
rrectly, and therefore will result in biased subsamples. As asconsequence, the manual §
hods are often to be preferred for subsampling in the field.

ex J describes the following subsampling methods:

long pile and alternate shovel method, (see J.1);
coning and quartering, (see J.2);
riffling, (see J.3);
application of Tyler divider, (see J.4);
application of mechanized turntable (rotating divider), (see J.5).

Incorporation in the-sampling plan

bre actual pretreatment, the selected pretreatment method and necessary equipment shall be
e sampling plan(see Clause 5).

pling planvshould be altered. Depending on the type of alterations, the project manager wh
pling‘plan should be consulted prior to actual pretreatment. Subclause 5.5 gives instructions
terations that can be made by the sampler, and the alterations for which the project managsg
sulted

con

otentially, it

a stream of
possible for
mechanical
Hivider. And
bly function
ubsampling

prescribed

en the circumstances in the field deviate too much from the assumed situation in the sampling plan, the

b made the
on the type
r should be

8.6

Pretreatment

Prior to pretreatment, the apparatus and tools used for the pretreatment shall be cleaned in order to prohibit
cross-contamination.

The characteristics of the soil to be pretreated shall be checked against the method described in the sampling
plan. Basically, the maximum size of the particles is important, as is the moisture content. The latter is related
to the inclination to macro-aggregate formation and cohesive behaviour.

When the assigned pretreatment method in the sampling plan is checked, the location for sample
pretreatment shall be chosen and the location shall be made fit for use by cleaning it of all materials that can
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influence the integrity of the (sub)sample(s). When all preparations are ready, the sample pretreatment shall
be carried out using the defined type of equipment and applying the correct pretreatment technique.

Having obtained the subsample(s), it/these shall be stored directly in a suitable sample container (see
Clause 9).

9 Packing, preservation, storing, transport and delivery

9.1 General

Soil samplgs are liable to change as a result of various causes, including:

a) microblological activity in the soil sample;

b) oxidatipn of compounds by atmospheric oxygen;

c) loss of|volatile components;

d) changds in the basic characteristics of the soil, like the redox-potential;

e) irrevergible adsorption on the surface of containers or transport through(the packaging material.

To ensure [the integrity and identity of the sample, this part of 1ISO410381 therefore describes methpds,
materials apd requirements for:

— packing the sample(s);

— preserying the sample(s);

— storing|the sample(s) prior to transport;
— transpgrting the sample(s), and

— delivering the sample(s) to the laboratory.
In order to|be able to give the correet instructions to the sampler, the project manager should consulf| the
laboratory in order to determine-the type and size of sample(s), type of containers, appropriate preservation
method if applicable, maximumstorage time prior to analysis and the labelling system. The maximum storfage

time prior t¢ analysis will indicate the period of time available before the sample shall arrive at the laborafory.
In general, this period shall-be as short as possible.

Packing th¢ sampleis described in 9.2. In general terms, this subclause gives guidance for selecting a
suitable pagkageimaterial, based on the different types of characteristics to be determined in the samplé. In
addition to [packing the sample, the sample container shall be labelled, giving the sample a unique cpde.
Subclause 9.2-also provides guidance for the labelling of the sample

Preservation of the sample is described in 9.3. In most cases, the suitable method of preservation will only be
storing the sample in a dark and cool environment. In very specific cases, preservation of the sample in a
nitrogen gas atmosphere can be necessary; for these cases, a method is also described.

Storage of the sample, as described in this part of ISO 10381, deals only with the short-term storage of the
sample between sampling and, when relevant, sample pretreatment in the field and transport of the sample.
This short-term storage is described in 9.4. As the preservation of the sample will in most situations consist of
storing the sample in a dark and cool environment, storage and preservation are in practice often the same.

After sampling and, when relevant, sample pretreatment in the field, the sample shall be transported to a
facility where it shall be tested or analysed. In most situations, this facility will not be located on the sampling
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location, and as a consequence the sample has to be transported. Subclause 9.5 gives guidance for the
handling and storage of the samples during transport.

Finally, the sample shall be delivered at the facility where it will be processed further. To ensure that the
sample can be tracked, certain procedures should be followed. General instructions for the delivery of the
sample are given in 9.6.

Having determined the methods and materials to apply, the results have to be incorporated in the sampling
plan according to 9.7. Finally, the sample has to be packed, preserved, stored, transported and delivered at

the |

aboratory. Guidance for these activities is given in 9.8.

9.2| Packing the sample

9.2.

The| purpose of the sample container is to protect the sample during transport and)storage until
treated or analysed. A container should be compatible with the nature of the soilisample and the ¢

to

reagents should be avoided. The container size should be appropriate to the volume of the requi

Sa
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The
whil

NOT
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Selecting an appropriate sample container

analysed. Contamination of the sample from contact with inappropriate sample containers

ple containers should be properly sealed. The type and size of the container should prevent
sampled.

following general precautions are recommended to minimiz€ chemical/physical and biologiq
e the sample is stored within a container from the point of sampling to the time of analysis:

The type and size of container should be such that the volume of headspace is appropriate to
and the required components, to prevent changes¢in’the sample material. In the majority o
containers should be completely filled. Air space” should be minimal to prevent significa
reactions, both at the top of the container, asywell as in between the soil particles. When fi
method for prolonged preservation, some-additional space is needed within the contain
expansion.

E Freezing (and drying) is obvjously a preservation technique that falls outside the scope of
10381. When freezing is used for preservation, the sampler shall leave the necessary additional
pling containers after consultationwith the laboratory.

Sample containers should-be clean and dry. The choice of cleaning method will deps
components to be analysed. Containers may be cleaned with mixtures of acids followed by

Advice should be-sought from the laboratory or other experts in order to establish the m
procedure in eachcase. In general, the re-use of sample containers is not advisable.

Where possible, use wide neck rigid containers with screw caps and inert seals.

deionised water. Cleaning procedures may differ depending on the type of components to be

it is further
omponents
or cleaning

red sample.

changes in

al changes

the sample
cases, the
nt oxidation
eezing is a
er to allow

this part of
space in the

end on the
rinsing with
analysed.
pst suitable

Whenthe sample is required for inorganic analysis, a suitable plastic bottle should be u

sed. Where

orgamc constituents are reqwred glass bottles should be employed. Tamperproof seals are ersentlaI for

odall IpIUO bUIICblUU IUI ICBUIGLUI y PUrpuotTo.

All samples should be protected from light and heat and preferably be stored in a cool e

nvironment.

Cooling of the sample is essential when volatile components are to be determined. When storage in a

dark environment (e.g. cool box) is not possible, a bottle of dark glass should be used.

— Fitness for purpose is an important criterion for container selection, the following points should be
considered when selecting and preparing sample containers:
— adsorption into the walls of the container;
— contamination of the container prior to sampling by improper cleaning;
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contamination of the sample by the material of which the container is made;
reaction between components in the sample and the container;

resistance to temperature extremes;

resistance to breakage;

water and gas tightness;

iZ
av|

CO|

Table 4
usage.

reg

e, shape and mass volume;
pilability;

s

b

t.

resents a summary of the advantages and disadvantages of collection containers in com

Laboratory

samples for dispatch or transport by third parties and reservéd laboratory samples shoulg

sealed in syich manner that the integrity of the sample can be guaranteed. Appropriate sealing of the sam
shall be required when samples are taken for (potential) regulatory investigations.

9.2.2 Labglling

All sampleg

shall bear a clearly legible, unambiguous codesthat shall ensure the identity of the sample.

coding shodild comply with the sampler's quality system.

Care should be taken that the sample code remains ¢learly legible whatever the storage period and preva

conditions (

The labels
labels betw
label shall g

The label {
sample, bu
paper-base
relevant inf

Labels and

e.g. condense on cooling).

Ehould be secured on the sample containers, adequately preventing the losing or interchangin
ben samples. Whenever the labels are attached to the lid, top or cap of the container, an iden
Iso be attached to the container itself.

hould carry, in indelible ‘ink, all the information necessary for unequivocal identification of|
should be kept short and simple to avoid mistakes when transcribing numbers. More detd
H or electronic record sheets should accompany the sample in order to provide an audit trg
brmation.

inscriptions should be prepared using indelible ink. Pre-printed labels and bar-code labels ca

a practical alternative.
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Suitability for use

Type of container

Resistance
to extreme
temperature

Degree of water
and gas
tightness

Suitability
for
volatiles

Cost of Size availability

purchase

Ease of
reopening

Resistance
to breakage

Small Large

Inorganic
analyses

Organic
analyses

Rig

with screw caps
or snap on lids @

id plastic
++

Gla

ss bottles or

jar
cap
PTH

with Inlncfir*
S and
[E P seals @

Col
bot
pla

PTH

bured plastic
les with

tic caps and
E b seals

Col
bot
pla

PTH

bured glass
les with

tic caps and
FE b seals

sea
pol

Hegvy duty re-

able plastic ++

thene bags

a)

b)

The use of wide neck plastic and glass bottles is preferable for soil sampling.

PTFE = Polytetrafluorethylene

9.3

9.3.

Idea
con
infly
bety
will

the

san

Preserving the sample

1 General

lly, soil samples should be analysed immediately after collection. However, this is seldom pq
ponents to be determined\and the length of time for which the sample shall be kept prior
ence the choice of preservation method. Although this part of ISO 10381 only considers the §
veen sampling and, when relevant, sample pretreatment in the field, the chosen method of
often be the method-for the whole period before analysis. A change of preservation method
laboratory would, often result in repackaging the sample, which could do more harm than
ple.

A nlimber of\preservation methods are available for soil samples:

airtight storage;

ssible. The
to analysis
reservation
reservation
bn arrival at
jood to the

dark storage;
cooled storage (< 6 °C);

nitrogen atmosphere.

Other preservation methods are also available, like drying or freezing, but can not be applied in the field and
are therefore not incorporated in this part of ISO 10381.

The method of preservation will influence the acceptable time between sampling and analysis. However, in
general, the time between sampling and analysis should be kept to a minimum to avoid sample alteration.
This is particularly important in samples in which biological degradation is likely to occur, or in which
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(semi-)volatile organic components are to be determined. For these types of samples, a period of more than
4 days between sampling and analysis can generally be considered as the maximum storage period, even
though the samples were preserved as well as possible. Longer storage will result in significant loss of
biodegradable, volatile and (semi-)volatile components, and will therefore make the sample worthless. The
shorter the period between sampling and analysis, the better the representativity of these types of samples.

Specific types of soils are known to have a reducing character. If the materials' reducing character is to be

preserved, special steps shall be taken when storing the sample. This implies that the presence of oxygen
shall be eliminated.

9.3.2 Necessary preservation

In Table 5,|necessary preservation measures are given for different types of components to be determ|ned
and for redycing soils.

Table 5 — Necessary (+) preservation circumstances
and measures for different types of components and soils

Volatile Semi-volatile | Non-volatile inorganic Reducing soils @
components components components
Airtight $torage + + — +
Dark stqrage + + — —
Cooled ptorage (<6 °C) © + + — +
Nitrogen atmosphere — — — +
Maximufm period of storage P <4 4 c <44d

@8  Whén reducing characteristics are to be maintained.
b Whdn stored with the appropriate preservation method.
¢ No aximum period when dried prior to storage.

4 Maxmum storage period depending on the airtightness of the sample container, but maximum of 4 days.

€ Theltemperature should be (4 + 2) °C.

The preseryation measures in Table'6-are to be considered as minimum measures. Additional measures may
be applied (like storage for the analysis of non-volatile inorganic compounds in a cool environment).

NOTE 1  The maximum peried.of 4 days is based on ISO 15009.

NOTE 2 olatile components are organic and inorganic components with a boiling point under 300 °C. All ordanic
components jwith a boiling point above 300 °C should be considered as semi-volatile according to ISO 14507.

The projec{ manager should contact the laboratory that will carry out the analyses, or alternatively gther
experts, to géetadequate advice for defining the method of preservation in the sampling plan.

9.3.3 Preservation methods

9.3.3.1  Airtight storage

Soil samples can only be stored airtight when:

— the closing mechanism of the sample container is completely clean of soil particles;

— the material of the sample container is airtight.

Most plastics are not to be considered as airtight.
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NOTE Airtight storage will prevent volatilization of components and will reduce biological degradation. However, the
air volume within the soil sample is always large; independent of tight filling of the sample container. For composite
samples, the sample container will often be larger than the total volume of the number of increments within that composite
sample. Nevertheless, care should be taken that the “head space” in the sample container is as small as practically
possible. As a consequence, airtight storage is never a guarantee for keeping the characteristics of the sample constant
during the storage period.

Best airtight storage of soil samples is obtained when storing the samples in glass bottles sealed with PTFE
cap liners. In general, this is only possible for fine grained soils.

9.3.3.2 Dark storage

Dark storage is possible by using dark coloured sample containers or by storing the containers-in-a dark place.
A cool box can provide both a cool and dark environment.

9.3.8.3 Cooled storage

Codl boxes and freezer packs are in general not capable of actual cooling of materials, they jugt keep cold
material cold. When cooling is essential, a mobile (car) refrigerator should be used. Samples should be cooled
to altemperature of 4 °C + 2 °C. Samples should reach this temperature within”12 h, but preferably| as soon as
possible after sampling.

9.3.8.4 Nitrogen atmosphere

If the reducing character of the soil sample is to be preserved;exposure to oxygen shall be limited jas much as
posgible after sampling. When possible, the sample container has to be flushed with nitrogen in|the field. A
sanjple that has not been flushed with nitrogen in the field and whose reducing character is to b¢ preserved
shall then be flushed with nitrogen in the laboratory as soon as possible, but at least within 24 h affer sampling.

NOTE 1 Nitrogen gas of technical quality suffices.

Wi

th or without flushing, the sample should be*packed in a gas-tight container.
The| volume of nitrogen passed through;the container should be at least ten times the container yolume. It is
recommended that the soil sample is.flushed again with nitrogen after an interval of e.g. 24 h to femove any
oxygen that may still be diffusingfram the sample.

NOTE 2  Nitrogen flushing is easier if there is a gas connector (inlet/outlet) on the container.

Lonp-term storage under-nitrogen is possible only in containers with a hermetic gas-tight seal such as a glass
sanjple container welded shut.

9.4| Storing.the sample prior to transport

Sample¢storing prior to transport is the period between the moment the sample is taken and packed until the
mo’)fuent the sample is transported towards the facility were it is delivered for further treatment (anarysis).

Samples shall be stored prior to transport under the preservation conditions, as defined in 9.3.

In order to ensure the quality and representativity of the samples, it is essential to prohibit cross-contamination
between samples as well as contamination of the samples from materials stored nearby the samples. When
samples with high concentrations of volatile components are obtained, these should be separated from other
samples.
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9.5 Transporting the sample

Samples shall be stored during transport under the preservation conditions, as defined in 9.3.

To ensure the quality and representativity of the samples, it is essential to prohibit contamination of the
samples from materials stored nearby the samples. Especially the storage of gasoline and or gasoline
products in the same enclosed space as the samples can lead to serious contamination of the samples with
volatile organic components and is therefore not allowed.

To ensure that a sample reaches its correct destination, it shall be correctly packaged, clearly labelled and

sent with a clear chain of custody form. At each moment that the samples are transferred, the chain of cus

ody

form shall b

Details of th

on the chain of custody form.

Laboratory

sealed in syich manner that the integrity of the sample can be guaranteed. Appropriate sealing of the sam

shall be req

The packag
transport off

Glass contg

9.6 Deliv

Directly aftg

type of sanmple (e.g. date, size, specific conditions, necessary preservation and storing conditions) and

analyses to

The chain g

[«

NOTE 9
When a third

9.7 Inco

Preservatio
quality cont
consultatiorn

Before actu

necessary aterials-shall be prescribed in the sampling plan (see Clause 5).

When the ¢

e checked and signed.

e agreed transport and labelling arrangements should be written into the sampling planjas we

samples for dispatch or transport by third parties and reserved laboratory samples shoulg
uired when samples are taken for (potential) regulatory investigations.

ing should meet the requirements of the authorities or other organization(s) concerned with
the sample.

iners should be protected from potential breakage during transport by appropriate packaging.

ering the sample

r sampling a chain of custody form shall be prepared for each (group of) sample(s), indicating
be conducted on the sample. An example of.a*chain of custody form is given in Annex A.

f custody form shall be checked and sighed at each transfer of the samples.

amples will under normal circumstances at least be transferred between the sampler and the laborg
party transports the samples, there will be at least two moments when the samples are transferred.

[poration in the sampling plan

n techniques, storagejtime, sample containers and collection of duplicate samples and blank
rol and quality assurance should be established at the design phase of the sample programm
with the laboratory analyst.

ally packing,' preserving, storing, transporting and delivering the sample, the selected methods

as

be
ples

the

the
the

tory.

5 for
B, in

and

the

ircumstances of one or more of these steps deviate too much from the assumed situation in

sampling pl

an, the sampling plan should be altered. Depending on the type o1 alterations, the project man

ger

who made the sampling plan should be consulted prior to any further activities. Subclause 5.5 gives
instructions on the type of alterations that can be made by the sampler, and the alterations for which the
project manager should be consulted.

9.8 Actu

al packing, preservation, storing, transport and delivery

The procedure consists of the following steps.

Put the

Fill the

38

sample into the sample container selected in accordance with 9.2.1.

sample container completely.
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When necessary, clean the outside of the sample container enabling a good closure of the container.

Close the sample container securely.
Wipe the outside of the container.
Attach a label in accordance with 9.2.2.

Preserve the sample in accordance with 9.3.

Starathao camnla in ancardanen \aith Q A4
OtoTretrre—Sartpre Somn

10

Usu
has
san

The)

In p
resy

The

T o CCOTaTTr ooV It T

Fill in the chain of custody form for the sample in accordance with 9.6.

Transport the sample to the laboratory/facility where the sample will be treated further in acco
9.5.

Check and sign the chain of custody form at each point where (i.e. moment when) thg
transferred.

Deliver the sample at the designated laboratory in accordance with-9:6.

Report
been carried out in accordance with this part of\[SO 10381, and shall specify the exact
pling performed. Any deviation from the sampling-plan shall be mentioned and motivated in thg
sampling plan and in addition to that the observations of the sampler form the basis of the sam

ractice, the sampling report will often be part of a total report that also presents the analytical
Its obtained with the samples and(@ discussion of these results.

report shall at least provide the following information:

a description of the available background information on the soil stockpile;

a list of the involved parties together with a specification of their interest to the sampling progra
the purpose©f-sampling;

the primary sampling goal that had to be achieved through sampling;

a-list of components that had to be analysed in the samples, together with the consequeng

sampling  handling, preservation packaging and storage:

f)

a description of the applied sampling exercise, including:

1) the number of samples or increments to be taken;

2) the number of composite samples to make (if relevant);
3) the sampling locations;

4) the used sampling equipment and technique;
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ally, a report of the sampling has to be provided for the client. The report shall mention that the sampling

method of
report.

pling report.

and testing

mme;

es towards
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5) any remarks on the status of the soil stockpile as made by the sampler during sampling and as
described in the sampling record;

6) the sample division in the field (if relevant);
7) packing, preservation, storage, transport and delivery;
8) any health and safety measures taken during sampling;

g) the full sampling plan;

h) all alte:litions to the sampling plan as made by the sampler and recorded in the sampling record togegther
with a otivation of these alterations;

i) a desqription of the sampled soil stockpile that provides insight in the material sampléedyas well as
providipg information for the identification of the soil stockpile.

-+

Photographs of the soil stockpile are useful for identification and when available should be_part of the repo
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Annex A
(informative)

Forms

A.1 Example of a sampling plan

SAMPLING PLAN

GENERAL INFORMATION

CLIENT (company): CARRIED OUT BY (company):
CONTACT: CONSULTANT:
SAMPLER:

OWNER OF THE STOCKPILE:
LANDOWNER:
PURPOSE OF SAMPLING:

SAMPLING DATE:

SAMPLING LOCATION:
MATERIAL
NATURE OF MATERIAL:

DEJTAILED SPECIFICATIONS: BALKM SIZE:

WAY IN WHICH THE MATERIAL IS MADE AVAILABLE FOR'SAMPLING:

SAMPLING

SAMPLING METHOD:
EQUIPMENT TO BE USED:

NUMBER OF INCREMENTS/SAMPLES.TO BE TAKEN"):

INGREMENT SIZE/SAMPLE SIZE -

SAMPLE CODING:

NECESSARY SAFETY MEASURES:

DA[TE OF SAMPLING;

SAMPLE PRETREATMENT TO BE PERFORMED ON-LINE/OFF-LINE*
IN§TRUCTIONS:

PACKAGING, STORAGE AND TRANSPORT DETAILS

PACKAGING:

STORAGE:
TRANSPORT:
DELIVERY

COMPANY:
DELIVERY DATE:

SIGNATURE FOR APPROVAL OF CONSULTANT: DATE:

*) delete whichever is not applicable
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A.2 Example of a chain of custody form

Protocol ref. No.

Title: Sample Custody Form

Issued by:

External laboratories:

(please attach a copy of this form with reported results)

Contact namle-and number:

Site visited:

Site owner:

Site address:
Tel No.

Contact name:

Analysis subfontracted to:
Laboratory neme:

Quotation ref. No.

Address:
Tel:

Contact name:

Sampling prgtocol used:

Carrier: Address:

Tel. No.
Sample collgcted by: Date:
Name: Location:
Signature:

Sampling delivered by:
Name:
Signature:

Date: Time:

Samples accepted at laboratory by:
Name:
Signature:

Date: Time:

Sample desdription:

Necessary preservation/storage:
Dark:

Cooled:

Airtight sealing:

Nitrogen gas atmosphere:

Other:

Additional cdmments/instructions:

Pretreatment method:

Analyses (when possible use laboratory codes):

Inorganic components:

Organic components:

External laboratory sample job No.

Date sample received:

Sample storage time:

Date analysis undertaken:

42
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Annex B
(informative)

Estimation of minimum increment and sample size

B.1 General

Thig

esti
the
nec

NOT
“conmposite sample” is essential. See the definitions 3.5, 3.16 and 3.4. An increment is obtained by a single @

sam
eithg

B.2

An
of &
stod

Thig
- fo
only

-8:2006(E)

annex provides methods for the estimation of the minimum and actual increment and sample

estimation methods are explained, and information and methods are provided for @btaining
pssary for making the estimates.

E For a good understanding of this annex, the distinction between the tefms” “increment”,

pling device and is — per definition — put together with other increments in a composite sample. The term

Background of the estimation of the minimum-increment size
scoop or auger. In order to ascertain non-biased sampling, it is essential that every pa
kpile can potentially be sampled.

is obviously not the case when the size of théZscoop or auger is smaller than the maximum
instance, sampling a material with a maximum particle size of 50 mm when the diameter of

particles cannot be sampled when two or-more of these larger particles are in front of the auger
timg. The particles would then obstruct-each other from “entering” the auger.

In

neral, the effective opening.ofithe auger will have to be (at least) three times the size of th

particles. The consequence of (this on the size of the sampling equipment depends on the dimen
usefl sample equipment. This_can either be one, two or three dimensions. When a sampling tube

ma

rial enters the tube at the front end of the tube and therefore only the diameter has to be large

timgs the diameter of the“maximum particles (assuming that the length of the tube is well over the
of the individual particles). On the other hand, using a scoop would result in a three-dimensional

the
ove

Twd

Mminimum increment size, as both the front size, the height and the depth of the scoop would
r three times-the maximum particle size.

major’items are relevant for determining the minimum increment size:

there is in general a wide particle size distribution;

mations need certain specific knowledge about the material to be sampled. In the clauses of

r be used for an increment or a composite sample, depending on the method«thfough which it is obtained.

ncrement is the amount of material that is obtained in one)single sampling activity. For instang

size. These
this annex,
information

sample” and
peration of a
‘sample” can

e, the filling
ticle in the

barticle size
he auger is

3 cm. Also, when the diameter of the atiger is little over 50 mm, there is still a possibility that the larger

at the same

e maximum
sions of the
is used, the
r than three
dimensions
definition of
have to be

the presence of macro-aggregates.

Due to the fact that there is in general a wide particle size distribution, we can assume that the probability of
two large particles being at the front end of a sampling device is relatively small. This implies that to some
extent, the opening of the sampling device can be a bit smaller than three times the diameter of the largest
particles. In practical applications, it is therefore assumed that the opening is still large enough when instead
of the real largest particle size, the 95-percentile of the distribution of particle sizes is used for estimating the
dimensions of the sampling equipment. This 95-percentile is known as Dgys. Care should be taken that with the
dimensions of three times Dgg (for a one-dimensional definition), the opening still is large enough for the
largest particles to enter. In a situation where the largest particles are much larger than the bulk of the sail, the
assumption of using Dgys can still result in biased samples.

© IS0 2006 — Al rights reserved 43


https://standardsiso.com/api/?name=19bd86438ad0a69900229a3180d31bf0

ISO 10381-8:2006(E)

When macro-aggregates are present, they can have important consequences on the size of the sampling
equipment. Two situations should be discussed:

the sampling equipment cuts through macro-aggregates;

the sampling equipment encounters the macro-aggregates as if these are individual particles.

In the first situation, the presence of macro-aggregates has no consequences on the dimensions of the
sampling equipment. This is for instance to be expected when using a sampling tube or auger.

In the second situation,

however, the samplmg equment is apparently not able to sample

part

of a macro
instance the
severe conj

Now having
defined in t
independen
three-dimer

(8Dgs5)° =

volume of tihe increment can be defined according to Equation (B.1):

Vmin.

where

gggregate and-themacro-aggregates arethereforetobeseemasmdividuat-partictes T His 3
b case when sampling soil in a falling stream. Then the presence of macro-aggregates will_h
bequences on the necessary dimensions of the sampling equipment.

discussed the physical background of the minimum increment size, the dimensions-can als
prms of volume or weight of the increment. The volume or weight is a three-dimensional defini
t of the question of how the dimensions of the sampling equipment are to be defined (one-, twq
sional). The volume of the minimum increment size can now be “easily defined
27(D95) As Dgg is usually defined in millimetres and volumes are defined in litres, the minin

increment = 2,7 x10 78(D95 )3

rement 1S the minimal volume of the increment, in litres, (1);

is the maximum particle size (95 % of the'particles smaller than Dgg), in millimetres (m

To calcula
is the bulk
Assuming
maximum g
defined acg

M

where
Mmin. in

Dgs

t
?ensity because, apart from the sampled-soil material, the air between the soil particles is samy

min. increment = 2,7 x10

the mass of this volume, the bulk density.of the material has to be implemented in the formu

hat the width, height and length of\the increment are chosen to be equal to three times
article size (Dgg) and the maximum/particle size is at least 3 mm, the minimum increment siz
prding to Equation (B.2):

8 3
(D95)~ Ppulk

rement 1S the_minimal mass of the increment, in kilograms (kg);

is'the maximum particle size (95 % of the particles smaller than Dgg), in millimetres (

Pboulk

5 for
ave

b be
ion,
D- Or

as
hum

B.1)

m).

a.lt
led.
the
e is

B.2)

mm);

is the bulk density of the material, in kilograms per cubic metre (kg/m3).

In the case of materials with a maximum particle size (Dgs) of less than 3 mm, Equation (B.3) applies to the

mass of the minimum increment size:
M min.increment =1 x 1076 Pbulk (B.3)
where
Min increment 18 the mass of the minimum increment size, in kilograms (kg);
Pbulk is the bulk density of the material, in kilograms per cubic metre (kg/m3).
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B.3 Background of the estimation of the minimum sample size

For a granular material, in which each particle possesses a certain characteristic to the same degree, no
minimum sample size is required in order to determine this characteristic; every particle from a batch of this
kind will be representative of this characteristic. The size of the sample (or increment) should only be as large
as one particle, assuming that this would be enough material to determine that specific characteristic.

However, when only a fraction wp,icie < 1 Of the particles from the material possesses that characteristic, the
sample shall have a minimum size to be regarded as sufficiently representative of the batch. Assume the
presence of copper particles in a silica particle matrix. When sampling this mixture with a sample size of only
one_particle, one would either find 0 % copper or 100 % copper. It is clear that both of these results are
inadcurate estimates of the mean copper concentration to be found in the material.

Thel fact that in a particulate material the particles possess different characteristics, and therefone vary from
each other in a way that is characteristic for that material, results in the conclusion that'there js always a
certpin degree of variability within the material. This fundamental variability results.innwhat is krjown as the
“funidamental error” in sampling. In order to reduce this undesired degree of variability, the samplg¢s should at
leagt contain such an amount of particles that the variability between the particles_has no significant influence
on the mean concentration of the sample. The formula for estimating the minimum sample size i§ defined as
an gpproximation of the size (expressed in mass), necessary to reduce theceffect of the fundamentgl error.

The| calculation of the minimum sample size is based on the binomial distribution, characteriged by two
pargmeters, i.e. the number of particles » and the fraction wp,e-0f these with a certain characjeristic. The
follqwing applies to a number of particles y in a random sample.which have a certain characteristic as in
Equations (B.4) and (B.5):

Ep)=pu= MWparticle (B.4)
and

o(¥)= nWparticle (1-P) (B.5)
where

E®) is the expected value'(mean) of y;

y7, is the mean (for-example, the mean concentration);

n is the nomber of particles;

Woarticle  iS-tHi€"fraction of the particles with a certain characteristic (mass fraction);

P is probability for the occurrence of a particle with the characteristic to be determined|(0 < p < 1);

o) is the standard deviation of the mean.

The coefficient of variation due to the fundamental error (CVy,nq. error) iS then according to Equations (B.6) and
(B.7):

_ o) _ / (1-p)
CVfund. error — EW) - W particle (B-6)

_ (1-p)
= oV 5 . (B.7)
(CViund. error) Wparticle

or:

n
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The mass of a sample consisting of n particles is then equivalent to the product of the number of particles, the
volume of the particles and the density Pparticle of these particles. Assuming that the particles are spherical
and of diameter d, see Equation (B.8):

1

— 3
Mmin. sample —gn d” Pparticle

(1-p)
. (B.8)
(CViund. error) Wparticle

In order to take into account the fact that not all particles are of the same size and that the largest particles
could be present in the sample, the diameter of the particles (d) that should be used in the equation is the
diameter of the largest particles. For practical reasons, the particle size for which 95 % of the particles is
smaller (DgE) 1S Used. Additionally, T0 take Into account the differences in particle SiZ€, a correction facior ¢ is
added [see [Equation (B.9)]:

1 3 (1-p)
Mmin. sample:_n(DQS) Pparticle X € (B-9)
6 pariee (CVfund. error )2 Wparticle

where

Mmin. sgmple is the mass of the sample, rounded to two significant figures, in grams (g);

Dgys is the maximum particle size (95 % of the particles smallerithan Dgg), in centimetres (cm);

Pparticlp is the density of the particles in the material, in grams-per cubic centimetre (g/cm3);

c is the correction factor for the particle size“distribution of the material to be sampled
(see B.4.2);

CViundlerror is the coefficient of variation caused by-the fundamental error;
Wparticld is the fraction of the particles witha certain characteristic (mass fraction).

The correctjon factor (¢) for the particle size distribution is as follows:

— Broad {listribution: Dgs/Dgs >4c=0,25
— Medium distribution: 2K Dgs/Dgs <4c=0,50
— Narrow distribution: 1< Dgs/Dg5 <2c=0,75
— Uniform particles: Dgs/Dgs =1c¢=1,00
where

Dgys is the maximum particle size (approximately 95 % of particles smaller than Dy;), in centimetres (cm);
D5 is the minimum particle size (approximately 5 % of particles smaller than D), in centimetres (cm).

For practical reasons, the units that are used in the equation are to some extent deviating from the units that
are usually used (mass in grams and particle size in centimetres).

It is essential to understand that Equation (B.9) is only an estimation of the size of a sample for which the
fundamental variability will no longer have a significant effect on the variability of the samples. It should
therefore only be used as an estimation and correspondingly the estimated minimum sample size should be
given with only two significant figures (e.g. 1 523 = 1 500 and 2,365 = 2,4).
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practical reasons.

The variables in the equation for the estimation of the minimum sample size are expressed in CGS units for

sed:

NOTE 2 The minimum sample size is directly related to the selected coefficient of variation of the fundamental error
(CVung. error) @nd to the size of fraction of the particles with the characteristic to be determined (w56 )-

NOTE 3 For the sampling of soil, in most cases, the following estimates of the factors in the equation are u

—  Dgg = 1,6 cm (see also Note 4);

—  Pparticle = 2,6 glem?;

— |e = 0,25;

— [W particle = 0,02 (see also Note 5);

— |CViund. error = 0.1.

NOT
1,6

sam
ther
usin

NOT
sam
detd

Wpa

E4  The maximum particle size (Dgg) is for most soil assumed to be less than 1,6.cm."Using a stan
m will, for most soils, result in a safe estimate of the minimum sample size. The value of 1,6 cm assuy
pling equipment/sampling technique is capable of taking a part of a macro-aggregate, and macro-ag
efore not to be considered equal to individual particles. The actual maximunm_particle size (Dgg) can &
h the method given in B.5.

ES5  The actual value of w .. the fraction of particles with a céertain characteristic, depends on {
pled and the substances to be determined in that soil. Knowledge.of the soil consistency is require
rmine this value. Instructions for selecting W barticle @re given in B.4¢5, but as the information for a good
Licie Will often not be available, the value of 0,1 is most commonly used. For soil sampling, a “safer” estim

sug

detegrmined!

NOTE 6
spherical particles, the formula gives an approximation.of the sample size for which the coefficient of va

fun

B.4 Use of the equation for the)minimum sample size

B.

For
are

is that the equation.is’ only an estimation tool. The minimum sample size calculated with the

equ
of t
hetd
bas

ested in Note 3. It should be noted that w . is not equivalent to the concentration of the com

The equation for estimating the minimum sample size is derived for spherical particles of diametd

mental error (CV¢nd. error) Will comply with the-pre-defined value.

1 General

the application of the equation for the minimum sample size derived under B.3, a number of re
important. These requirements are discussed in more detail hereafter. However, the most img

ation should pever be seen as “the physical reality”. It is only a method to obtain an estimatior
he samplesithat should be used in order to prohibit biased sampling results due to the f
rogeneity. of the material. As biased sampling results can have important consequences fg
ed on.thése results, the equation is important for obtaining good quality results.

Someof the hereafter discussed requirements do not, or only partially, apply for soil sampling. Ng¢

fard value of
mes that the
gregates are
e estimated,

he soil to be
i in order to
lestimation of
ate of 0,02 is
ponent to be

r d. For non-
riation of the

quirements
ortant point
aid of the
of the size
undamental
r decisions

bvertheless,

even In situations where the equation strictly speaking does not apply, the equation should be used. As the
result of the equation should always be used as “the order of magnitude” of the minimum sample size, the
usage of the equation in less well fitting situations is acceptable.

In order to express the fact that the equation only provides us with “the order of magnitude” of the minimum
sample size, the results of the equation are always to be rounded at two significant figures.
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B.4.2 Spherical particles

The calculation of mass for the minimum sample size is carried out assuming that the particles are spherical
[%n(D%)3 ]. If the particles are not spherical, this leads to a miscalculation of the volume of the particles and
thus of the mass of the minimum sample size. This error will increase as the average particle shape
increasingly deviates from a spherical form. It is clear that soil particles only in average can be assumed to be
spherical, and thus that the equation will result in just an approximation of the true mass of the largest

particles.

B.4.3 Particle size distribution, factors Dy and ¢

Two charagteristics of the particle size distribution of the material are relevant, i.e. the particle (size alove
which (appfoximately) 5 % of larger particles occur (Dgs) and the particle size under which (approximately)
5 % of smaller particles occur (Dgs).

The estimation or determination of Dgy5 is more important than that of Dgyg, in view efithe fact that Dgs is
expressed directly in the equation for the minimum sample size. In B.5, a methodris described that can be
used to obtgin a suitable estimation of Dgys.

For materig

suffice to dgtermine whether Dgg / D5 > 4.

For materig
determine i

NOTE A

estimate of the Dg5 and Dg5 by an experienced sampler will, in mostcases, be sufficient.

B.4.4 Den

For the den
the sample
the mean v.

B.4.5 Fra

The equati
distribution.
the particle
W particle 0
used in thg
determined
be an overs

Is with a broad distribution of particle size, it is not necessary to ‘quantify Dys, an estimate
Is with a narrower particle size distribution, it is relevant:to have a good estimate of Dyg ¢

s mentioned for soil in general, it can be assumed that ¢ =0,25. In order to check this assumptiorn

sity of the particle

sity of the particle Pparticle » the density-of the individual particles should be used, not the densi
or the (loosely) packed material. -the material in question contains particles of varying den
blue shall be used.

ttion of the particles with the characteristic to be determined, factor w 4 icie

bn applied to determine the minimum sample size is based on the equation for the bino
This means that /e is the fraction of the particles possessing a certain characteristic.
5 contain theqmaterial to some extent, the binomial distribution does not apply. Values higher
1 (more than-10 % of the particles contains the material to be determined) therefore canno
equatioh. However, for such fairly homogeneous materials, the minimum sample size can
on the basis of the assumption that w ,i¢e = 0,1. The resulting minimum sample size should
pstimate of the true minimum sample size (given a certain admissible amount of variation du

as well as Dgys. For soil, in general, it can be assumed that Dgg / Dys > 4 and therefore ¢ = 0,25.

may

y of
Sity,

mial
f all
han
t be

be
hen
e to

the fundam

ental error); the samples used are larger than strictly necessary and the variation realized du

e to

the fundamental error is less than 0,1.

One should realize that the concentration of a certain component is a significantly different parameter than the

fraction w
between th

W particle will
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particle

of the particles that contain that component. Nevertheless, there will be a certain relation
In other words, generally speaking, for very high concentrat
will normally also be (very) s

e concentration and w _icle-

not be extremely small, while for very low concentrations w ,,icie

ship
ions
mall.
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.6 Coefficient of variation from the fundamental error, factor CV;, 4 oo

A choice has to be made for the amount of fundamental variation that is thought to be acceptable in relation to
the quality of the sampling. Principally, this choice can not be made without knowledge about the size of other
sources of variation. When, for example, the variation of the analysis would be very large, there is no need to
have a very small fundamental error. The analytical variance would then be dominant over the other sources
of variability, and a (much) larger sample would only result in a small enhancement of the total quality. As the
quantity of variance added from all sources is often unknown or only partly known, in most situations an
assumption of the maximum size of the fundamental error has to be made. Often the value 0,1 is therefore
applied for the coefficient of variation of the fundamental error.

Loo
hetd
long
high
stod
con

parfjcles thus do make a significant contribution to the total variation. In view of thie'relatively small

how

B.§

B.5

Det

whe

Tak

The)
esti
sam

king only at the variability that results from sampling, the degree of large-scale var
rogeneity of the material) will result in the degree of variability between the samples. This Wi
as these samples are large enough to make the fundamental error negligible. This again-mes
ly variable soil stockpile, the effect of the fundamental error may be larger than for axmore ho
ribution to the total variation among the samples. In these cases, the differences between th

ever, the total variation shall also be small in such a situation.

Determination of the maximum particle size

1 Step 1: Sampling

brmine the mass of the necessary sample by applying Equation (B.10):

m = 150ppyi (Dest. 95)° > 1 kg

re

m is the mass of the sample used'for determining Dgs, in grams (g);

Pouik 1S the bulk density of the material, in grams per cubic centimetre (g/cm3);
Dggt o5 is the estimated maximum particle size, in centimetres (cm).

e a sample of this.mass from the stockpile.

purpose of aspecific sampling programme should be kept in mind. As the purpose is only f
mation of Dgg; the sample can be taken based on the knowledge of the sampler. This meg
pler can.take a sample for which he can assume that all particle sizes are present.

ability (the
| be true as
ns thatin a
mogeneous

kpile. For more homogeneous materials, a coefficient of variation of 0,1 can stillrmean a relatively large

e individual
value of CV,

(B.10)

0 obtain an
ns that the
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B.5.2 Ste

p 2: Weighing the sample

Weigh the sample ().

For the acc

B.5.3 Ste

Transfer th
aperture eq
aperture ad
but smaller

Sieve the s
of individua

When macr

only be don
are to be sq

B.5.4 Ste

uracy of the weighing, Table B.1 is used:

Table B.1 — Accuracy of weighing

Size of the sample Accuracy of the weighing
kg g
1t05 0,1
5to 10 1
10 to 50 10
> 50 100

b 3: Sieving the sample
e entire sample on a sieve with a sieve aperture equal to the estimated Dgg. If there is no s

acent to but larger than Dgyg, while the sieve with the smallesPaperture has an aperture adjace
than Dgg.

ample either manually or mechanically. Check if the material that remains on the sieve(s) con
particles. If so, proceed to Step 4.

p-aggregates are present, the macro-aggregates are pushed through the sieve. However, this

e when the method of sampling is capableyof taking a part of a sample. When macro-aggreg
en as individual particles during sampling, the macro-aggregates are left on the sieve.

b 4: Weighing the sample part(s)

Weigh the part of the sample that remains on the sieve (m4) or weigh the parts that remain on both sieves|

and m5,). Th
B.5.5 Ste

B.5.51 S

If only one §

e accuracy of the weighing should fulfil the conditions given in the table in Step 2.
b 5: Determination-of the maximum particle size
tep 5.1: Calculation for one sieve

ieve iswsed, the maximum particle size is calculated according to Equation (B.11):

2100 21 o

Wsamp

ual to the estimated Dgs, two sieves shall be used. The sieve‘with the largest aperture hag

eve
b adn
ht to

Bists

may
htes

where

mo

Wsample is the mass fraction of the sample that remains on the sieve, in percent (%);

mq

mg

50

is the mass of the part of the sample that remains on the sieve, in grams (g);

is the total mass of the sample, in grams (g).
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Wsample < 5% the used sieve aperture was too big. The aperture size is used as an assumption for
Dgs, or the sieved part of the sample is sieved again with a sieve with smaller aperture. In the latter

situation,

Wsample =

go back to Step 3 and the calculation of the Dgg is then carried out in accordance with Step 5.2.

5% the used aperture was exactly right and is used as an estimation of Dgg.

Wsample > O % the used aperture is too small. Go back to Step 3 and use the fraction m, for a second
sieving. Dgg is calculated according to Step 5.2.

5.2 Step b.Z: Calculation when applying two sieves
o sieves were applied, Dy is calculated according to Equation (B.12):
Wsample,1 = 100 71 %
m
0 (B.12)
Wsample,2 = 100 22 %
: mg
re
Wsample,1 1S the mass fraction of the sample that remairis ‘'on the sieve with the largest pperture, in
percent (%);
Wsample,2 1S the mass fraction of the sample that-témains on the sieve with the smallest pperture, in
percent (%);
my is the mass of the part of the sample that remains on the sieve with the largest [aperture, in
grams ();
my is the mass of the part-of'the sample that remains on the sieve with the smallest [aperture, in
grams (g);
mq is the total mass_of the sample, in grams (g).
Wsample,1 = 5% the aperture of sieve 1 is exactly right. This aperture size is used as an pstimate for
the Dgys.
Wsample > © % the used aperture of the sieves is too small. Go back to Step 3 and usq fraction m,
for a\second sieve step. The Dgg is determined according to Step 5.2 using the newly produced sieve
fractions.

Wsample,1

+2<5% both applied sieves are too big. Assume that Dy is equal to the aperture of sieve 2

or go back to Step 3 and sieve the total sample again on a set of smaller sieves. Dgys is then estimated
according to Step 5.2 using the newly produced sieve fractions.

All other situations:  estimate Dgg by interpolation between the two sieve aperture sizes. Linear
regression can be used for this interpolation.
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B.6 Commonly used assumptions

For sampling soil stockpiles, a number of assumptions can be made for using the equation for the minimum
sample size, as given in B.3. These assumptions can be used in common situations. However, the
assumptions may only be used after careful study of the backgrounds of the equation for the minimum sample

size.

NOTE

The commonly used estimates are:

The assumptions might be considered as valid for fine grained soils.

Pparticl

C

W particl

CViund

Dgs
The maxim
1,6 cm will 1
B.7 Tabl
To determi
composition

other words

Applying pg
fractions (w

1

®

error

2,6 g/cm3, the particle density for silicium oxide;

0,25;
0,02;

0,1;

1,6 cm.

bs for the minimum sample size

Minimum sample sizes are given in the\following tables.

Table B.2 — Minimum sample size in grams for soil with Dy5 = 0,4 cm

Um particle size (Dgg) is for most soil assumed to be less tham1,6 cm. Using a standard value of
or most soils result in a safe estimate of the minimum samplesize.

he the minimum sample size in probabilisticZ’sampling, the criterion is that variations in|the
of the material to be analysed on the scale ©of the individual particles is regarded as irrelevant
: the variation that is caused by the fundamental error is small.

in

rt of the assumptions made in B.6;"the minimum sample size can be calculated for different mass
Lample) Of the material that are thought to obtain the characteristic of interest.

52

Das 0,4 cm

Pparticle in table (g/cm3)

c 0,25

Wsample in table

CVfund. error Ov1

Mass fraction, Wsample
Pparticle
0.1 0,05 0,01 0,005
2,2 17 35 180 370
2,4 18 38 200 400
2,6 20 41 220 430
2,8 21 45 230 470
3 23 48 250 500
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Table B.3 — Minimum sample size in grams for soil with Dg5 = 0,6 cm

Dogs 0,6 cm
Pparticle in table (g/cm3)
c 0,25
Wsample in table
CVfund. error 01 1
Mass fraction, wg, e
pparticle
0.1 0,05 0,01 0,005
2,2 56 120 620 1200
2,4 61 130 670 1400
26 66 140 730 | 1500
2.8 71 150 780 1600
3 76 160 840 1700

Table B.4 — Minimum sample size in grams for soil with Dy = 0,8 cm

Dgs 0,8 cm
Pparticle in table (g/cm?3)
c 0,25
Wsample in table
CVfund. error 0,1
Mass fraction, wg, e
Pparticle
0,1 0,05 0,01 0,005
2,2 130 280 1500 2900
2,4 140 310 1600 3200
2,6 160 330 1700 3 500
2,8 170 360 1900 3700
3 180 380 2 000 4 000

Tabte B.5 — Minimum sample size in grams for soil with Doz =1,0 cm

© I1SO 2006 — All rights reserved

Dgs 1,0 cm
Pparticle in table (g/cm3)
c 0,25
Wsample in table
CViung emor 0.1
Mass fraction, wg, e
Pparticle
0,1 0,05 0,01 0,005
2,2 260 550 2 800 5700
2,4 280 600 3100 6 200
2,6 310 650 3400 6 800
2,8 330 700 3600 7300
3 350 750 3900 7 800

53


https://standardsiso.com/api/?name=19bd86438ad0a69900229a3180d31bf0

ISO 10381-8:2006(E)

Table B.6 — Minimum sample size in grams for soil with Dg5 = 1,2 cm

Dgs 1,2cm
Pparticle in table (g/cm3)
c 0,25
Wsample in table
CVfund. error 0'1
Mass fraction, wg,
Pparticle
0,1 0,05 0,01 0,005
2,2 450 940 4 900 9900
2,4 490 1000 5400 11 000
2,6 530 1100 5800 12 000
2,8 570 1200 6 300 13 000
3 610 1300 6 700 14 000

Table B.7 — Minimum sample size in grams for soil wijth Dy5 = 1,4 cm

Dgs 1,4 cm
Pparticle in table (g/cm3)
c 0,25
Wsample in table
CVfund. error 0'1
Mass fraction, wg, e
Pparticle
0,1 0,05 0,01 0,005
2,2 710 1500 7 800 16 000
2,4 780 1600 8 500 17 000
2,6 840 1800 9200 19 000
2,8 900 1900 10 000 20 000
3 970 2000 11 000 21 000

54
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Table B.8 — Minimum sample size in kilograms for soil with Dgz = 1,6 cm

Dg5 1,6 cm

Pparticle in table (g/cm3)
¢ 0,25

Wsample in table

CVfund. error 0,1

Mass fraction, Wsample
Pparticle

0.1 0,05 0,01 0,005
22 1,1 2,2 12 23
2,4 1,1 2.4 3 2
26 1,2 2,6 14 28
2,8 1,4 2.8 15 -
3 14 3.0 10 =

Table B.9 — Minimum sample size in kilograms for soil with Dy = 1,8 cm

Dg5 1,8 cm

Pparticle in table (g/cm3)
c 0,25

Wsample in table

CVfund. error 0,1

Mass fraction, Wsample
Pparticle

o 0.05 0,01 0,005
2,2 15 3.2 i >
2,4 16 3,5 18 %
2,6 1,8 38 20 >
2,8 1,9 4.1 21 i
3 2,1 4.4 2 2

Table B.10 — Minimum sample size in kilograms for soil with Dg; =2,0 cm

D95 2,0 cm

Pparticle in table (g/cm?3)

¢ 0,25

Wsample in table

CVfl ind _errar O! 1

Mass fraction, Wsample
Pparticle
0.1 0,05 0,01 0,005
2,2 2,1 4,4 23 46
2,4 2,3 4,8 25 50
2,6 24 52 27 54
2.8 2,6 5,6 29 58
3 2,8 6,0 31 62
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B.8 Calculation of the actual increment and sample size

On the basis of the relationship between the minimum increment size, the minimum sample size and the
number of increments to be included in a composite sample, the actual increment size and the actual sample
size shall be determined according to the following rules:

If: ax Mmin. increment ~ Mmin. sample

then: Mact. sample sax Mmin. increment and Mact. increment — Mmin. increment

If: a x Mufiy “increment = Mmin., sample
then: Muct. dample = Mmin. sample ~ @Nd Mact. increment = Mmin. increment
If: ax Myin increment < Mmin. sample

then: Mact. qample = Mmin. sample and Mact. increment — Mmin. sample/a

where
a is the number of increments which are put together inta composite sample;
Mqin. shmple is the minimum sample size in kilograms (kg);
Mact. sdmple is the actual sample size of the composite sample in kilograms (kg);
Min iderement S the minimum increment size in kilograms (kg);

M,

act. inbrement is actual increment size in kilogfams (kg).

NOTE [Pepending upon the situation:

— the actdal increment size is larger than the minimum increment size (the minimum sample size is a determinant factor
for the ihcrement size given the numbergfincrements);

or

— the actpal composite sample~Size is larger than the minimum sample size (the minimum increment size [is a
determipant factor for the composite sample size given the number of increments).

The examples given below are for a soil stockpile with the following estimated minimum increment and sample
size:

Miin. ifcrefent 0,34 kg;
—  Mnin. sample %42k
EXAMPLE 1

Situation: 12 increments for 3 composite samples, i.e. 4 increments (a) per composite sample:

ax Muin increment =4 x 0,34 kg =1,3kg,  but My sample = 4.2 kg,
therefore
Mact. sample = Mmin. sample and Mact increment = 4.2 /4 = 1kg.
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Although it is also possible to take more increments of the predetermined size of 0,34 kg (with 13 increments,
the actual sample size is a bit larger than the minimum sample size), this is often not preferred.

The number of increments per composite sample would be changed (and, as in this example, not even the
same number of increments would have to be mixed), but at the same time, the resulting confidence would be
better than asked for. Although this would be no problem in most situations, a larger number of increments
would also result in higher sampling costs.

EXAMPLE 2

Situation: 54 increments for 3 composite samples, i.e. 18 increments («) per composite sample:

ax M increment = 18 X 0,34 kg = 6,1 kg, but Mqyin sample = 4.2 kg,
thergfore:
Mact. increment = Mmin. increment = 0,34 k@, and Mpqt sample = 6.1 kg.
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Annex C
(informative)

Scale of sampling

C.1.1 Ger

Scale is on
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one cubic n
results sho
stockpile is

Depending
individual p
cubic metreg

Defining thg

EXAMPLE
particles fully

In a ser|
the obs

Howevd
will be
distance
heterog

As a conse
the scale th
can be see
scale of sar

C.1.2 Thr

C1.21 §

ial variability and scale
eral
b of the essential issues of sampling. The scale defines the volume or mass that a sample dirgctly

This implies that when the assessment of the soil stockpile is needed, for example, on a sca
hetre, the sampling results should provide information on a cubic metre scale. Thus, the analy]
Lld be representative for a cubic metre of soil. At the same time spatial ‘variability within
determined between “units” of one cubic metre.

on the objective of sampling, theoretically, the scale of samplingtmay be equal to the siz
brticles of the soil, the size of a specified volume that is part of the ‘stockpile (like the previous
example), or the whole stockpile.

scale is important, as heterogeneity is a scale-dependent.characteristic.

Taking the example of a stockpile that consists of small particles that only vary in colour, and with
mixed:

es of samples, each with the size of an individual pafticle, each sample will have a different colour. There]
brved heterogeneity in colour between these samples will be high.

r, the degree of heterogeneity on a scale(of, for example 1 kg, consisting of several thousands of parti
ow. Each of these samples will have approximately the same mix of colours, and — looking from s

(thus really on the scale of 1 kg) — the samples will have the same mixed colour. Thus, the obse
eneity will now be low.

uence of the direct relation between scale and heterogeneity, sampling results are only vali
at is equal to the scale.of sampling. For a larger scale (larger volume), the observed heteroger
N as a worst case-assumption. In general, the degree of heterogeneity will be higher for a sm

hpling and will be\Jower for a larger scale of sampling.
pe specificsituations for which the scale is defined
tuation 1

e of
tical
the

a)

e of
one

the

fore,

cles,
ome
rved

| for
eity
Bller

Situation 1

describes a soll stockpile of 2 0UU T from which randomly oU increments are taken. Ihe resu

composite sample is 10 kg.

ting

Assuming that the composite sample resulting from these 50 increments represents a good estimate of the
mean concentration (but not of the variability) of the whole stockpile, the scale for the composite sample in this
example is 2 000 t.

Note that although the variability within the stockpile (on the scale of the increments) is fully incorporated in
the composite sample, the sampling method will not provide any information on the variability.
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population 2 000 t
ncrement 200 g (50 increments in a composite sample of 10 kg)

Figure C.1 — Situation 1 — Soil stockpile of 2 000 t with 50 random increments

2.2 Situation 2

bopulations are defined of 50 t each. From each subpopulatioti. 50 increments are taken. T

comnposite samples are 10 kg, each representing a subpopulation)

The]
The]

an ¢stimate of the mean concentration of the whole stockpile of 2 000t and the variability withi
stogkpile is estimated on a scale of 50 t.

Key|

CcA.

1

® ] /

®
@
° (o N
®

.‘\\2
3

population2,000 t
ncrement200 g (50 increments in a composite sample of 10 kg)
subpopulation 50 t

ation 2 describes a stockpile of 2 000 t. Within this stockpile — perhaps only for the purpose off sampling —

he resulting

mass represented by each composite sample is now thewmass of the individual subpopulationss; thus 50 t.
scale for each composite sample in this example is 50)t. The mean value of all composite samples yields

h the whole

2.3 Situation 3

Figure C.2 — Situation 2 — Soil stockpile of 2 000 t with 50 increments from each subpopulation

Situation 3 describes a stockpile of 2 000t. More than one composite sample is taken. However, each
composite sample (existing of 50 increments) is obtained by taking random increments throughout the whole
stockpile. The mass represented by each composite sample is now equal to the mass of the whole stockpile;
thus 2 000 t.
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The scale for each composite sample in this example is 2 000 t. The mean value of all composite samples
yields an estimate of the mean concentration and the variability of the whole stockpile of 2 000 t is estimated
on a scale of 200 g (the mass of the increments).
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When the s
not only ar
estimate fo
in Table C.

!

t 200 g (50 increments in a composite sample of 10 kg)
t 200 g (50 increments in a composite sample of 10 kg)

C.3 — Situation 3 — Soil stockpile of 2 000 t with more than-one composite sample taken

cts of different definitions of the scale on sampling

g example illustrates the effects of different definitions of the scale of sampling. Depending on
sampling, the involved parties shall make a\choice on the scale on which information abouf
e is desired.

by a number between 0 and 99. Heterogeneity is quantified by the coefficient of variation: a
f variation indicates a high heterogeneity.

bcale of sampling is equal to the size of the subpopulation, the sampling result will only bg
f the mean concentration for each subpopulation (26,2/26,2 and 32,5). Comparing
ons in Table C.1{ subpopulations 1 and 2 are comparable while subpopulation 3 has a hi

Cale of sampling is equal to the size of the individual samples within each subpopulation, we okl
estimate ‘for the mean concentration of the subpopulation (26,2 /26,2 and 32,5), but alsd
ther heterogeneity within that subpopulation (33,3 / 84,2 and 33,2). Comparing the subpopulat
1 (mow still gives the same result for the mean of the whole subpopulation, but additionally

ithin a stockpile the three subpopulations as shown in Table C.1 (comparable to situation 2
bove). Each subpopulation consists of thirteen individual samples that have a “quality” that is

the
the

as

high

an
the
jher

tain
an
ons
we

discover th
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Table C.1 — Example of three different subpopulations, characterized on the individual samples,
the mean and coefficient of variation (CV). A high CV indicates a heterogeneous sample.

Sub-

Sub-

Sub-

Finally, when the scale of sampling is equal to thewhole stockpile (population), we obtain only an

Statistical parameter population 1 | population 2 | population 3 Population
20 15 32
30 14 36
20 22 3
30 72 37
40 9 38
20 23 36
30 64 37
30 46 30
40 5 40
20 16 41
10 2 17
20 17 39
30 35 36
Mean 26,2 26,2 32,5 28,3
Coefficient of variation CV 33,3 % 84:2"% 33,2 %

the mean for the whole stockpile (28,3).

C.1{4 Choices on the scale of sampling

Diffgrent choices can now be made on the scale of sampling.

a) |The scale of sampling is equal to the volume or mass of the individual samples.

1)

2)

For each defined.(sub)population, a number of samples are taken. The result of this defi
scale is that\information on the heterogeneity within the subpopulations can be ¢
calculating;~for example, the coefficient of variation. Additionally, the heterogeneity b
subpopulations, and thus the heterogeneity within the stockpile, can be calculated. In thi

estimate of

hition of the
btained by
etween the
5 approach,

the pregsumptions that led to identification of the subpopulation as a relatively homoge¢neous part
within the stockpile can be verified.

For example, it may be argued that subpopulation 2 in Table C.1 is so heterogeneous th
part of subpopulation 2 will not comply with certain quality standards, although the meg

at at least a

an value is

within the quality range.

Many subpopulations of high heterogeneity may lead to a re-evaluation of the sampling plan. An
important disadvantage is the cost for measuring the individual samples, in this example thirteen per

subpopulation?).

1) Note that it is not necessary (nor practical) to measure each individual volume on the scale of the sample within a
subpopulation. A sample survey within each subpopulation might be sufficient.
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b) The scale of sampling is equal to the scale of the subpopulations.
1) Therefore no information on individual samples within a subpopulation is gathered.

2) Characterization of the subpopulation is done by means of a composite sample per subpopulation in
which a number of increments (13 increments in the example of Table C.1) is put together prior to
analysis. If this composite sample consists of sufficient increments and the analytical sample is taken
and analysed correctly, the result of the composite sample will be a good estimate of the true mean
of the subpopulation.

3) An important advantage of this approach is the low costs for measuring. An important disadvantage
is the assumption that a composite sample can be obtained without a considerable sampling errof.

analysis of a composite sample might pose problems as the amount of material inthe’ sample
will be (much) larger than the amount of material needed for the analysis and thus preper sarpple
preétreatment is necessary to obtain a representative analytical sample from a — potentially — highly
heferogeneous composite sample. Additionally, there will be no informationy available on|the
heferogeneity within a subpopulation.

c) The scple of sampling is equal to the scale of the whole stockpile.

1) In|the example given in Table C.1, the whole stockpile is defined aS)the combination of the three
suppopulations. Individual increments are gathered from the wholé.stockpile. The increments arg put
together in one composite sample for the whole stockpile. Nowssthere will be no information available
on|a smaller scale than the scale of the whole stockpile.

important advantage is the (very) low costs for measuring, while, as long as it is technigally
poksible to obtain a representative analytical sample‘from a composite sample containing a large
number of increments, the analytical result will stillbe representative for the true mean of the whole
stgckpile. But the stockpile has to be treated as ohe entity.

3) Infthe case of a heterogeneous stockpile (€:g. subpopulation 2 in Table C.1), sampling on the stale
of |subpopulations or individual sampleswould have given the involved parties information that may
hale led to different choices for the destination of subpopulations of different quality.

Given the rglation between scale and the.encountered degree of heterogeneity, the applied scale of sampling
might determine if a soil stockpile is considered homogeneous (i.e. there is little variation between indivigual
sample reslilts) or heterogeneous (i.e.there is high variation between sample results).

The type df information thatsis-desired, the possible destination, the financial means available and|the
technical pgssibilities of working with composite samples determine the choice on the scale of sampling.

In addition {o the morettechnical perspective from which the definition of scale was described in the prevjous
text, the scale of sampling can also (or even should) be defined by policy considerations. In principle,| the
scale of sgmpling should be equal to the amount of material that is considered relevant from a p¢licy
perspective

EXAMPLE An example of a policy-defined scale of sampling might be as follows:

Based on the radius of action of small animals living in soil, the mean concentration of a soil volume of 25 m3 is
considered as relevant for assessing the seriousness of soil contamination. It is assumed that these animals throughout
their whole life span are exposed to the mean concentration of the pollutants in this soil volume. Thus, when assessing the
seriousness of polluted soil, we are interested in the mean concentration within this volume of 25 m3. When acute
exposure to (verg) high concentrations is considered not to be relevant, there is no need to gather information on a smaller
scale than 25 m®. The scale of sampling is therefore 25 m3, and is achieved by taking a number of increments within this
volume. An estimate of the true mean concentration on the scale of 25 m3 can thus be obtained.
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C.2 Fundamental variability

Granular material like soil will generally consist of different types and shapes of particles. As a consequence,
there is a degree of variability on the scale of the individual particles. This variability cannot be reduced
without particle size reduction. This is called the “fundamental variability”. It will be the cause of variability
between samples whenever the characteristic of interest (e.g. the concentration of metals, or organic matter)
is directly related to a specific portion or subset of the particles. Also, when the concentration of the
constituent of interest varies over the different particles, there is fundamental variability.

As the average number of particles per sample increases, so the effect of the fundamental variability becomes
less dominant. Nevertheless, the effect can remain large even with a large number of particles in the sample if
the |constituent of interest (e.g. copper occurring incidentally within a soil stockpile due to smgll pieces of
copper wire) arises in only a small proportion of particles, but at very high concentrations. AnneX B provides
the Hetails of a method that can be used to estimate the minimum size of samples to ensurg)that the error due
to fyndamental variability is as small as required.
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D.1 Gen

Annex D
(informative)

Statistical principles

eral

This annex| briefly describes the basic statistical concepts of sampling. The text is not intended (fo-he a
statistical tgxtbook, and gives only a basic outline of the statistical elements relevant to this part of 4SO 10
These are grouped under five headings:

— Population (D.2). This is a statistical term for defining the entirety of material — in general the stockp

about
sampli

— Types

which information is required. Specification of the population should be thestarting point of
ng exercise.

of variability (D.3). A good awareness of the variability in the material being sampled is a

B81.

le —
any

vital

elemert in arriving at an effective sampling programme. Linked with this (for sampling granular matgrial)

is the

meed to decide on the “scale” of the sampling, i.e. the maximum’ volume of material within w

variatigns in quality are of no concern.

— Error (P.4). Apart from the variability characteristic of the material itself, sampling introduces additi
uncertginty, known as “sampling error”. Analysis similarly dntroduces a further degree of uncerta
termed “analytical error”.

— Statisti

hich

bnal
Inty,

cal parameters (D.5). A variety of summary’ measures, or “parameters”, may be used to

characierize a population (e.g. the mean, the median or the 90-percentile). It is important to consider the

choice

— Reliab
major

of parameter because this can have a big'influence on the size of the sampling error.

ijity (D.6). The greater the amount{of*sampling, the more reliable the results are likely to be.
benefit of a statistical approach is that it enables this link between sampling effort and reliabili

be quahtified.

D.2 Population and subpopulation

D.2.1 Population

The “populgtion” is<the entire stockpile of soil about which information is to be sought via sampling.
important fqr this.to\be defined explicitly over space and/or time (when relevant, see D.3.3); if this is not d
it is impossible’to say whether a particular sampling programme will result in representative samples.

NOTE

The
y to

It is
bne,

For some sampling purposes, spatial variation may not be relevant (e.g. when sampling a specific pre-de

ined

portion of a stockpile), whilst for other purposes, temporal variation may not be relevant (e.g. when sampling from a
stockpile and there is no (expected) relation between the build-up and quality of the soil within the stockpile).

Where the population relates to a granular material like soil, an important related consideration is the “scale”
at which the individual elements of the population are defined, as this can greatly influence the type and
amount of sampling that is required. See in this context D.3.3 for the definition of this scale.

D.2.2 Subpopulation

Commonly, it is difficult or even impossible to sample certain parts of the population. For example, to sample
the material at the core of a large stockpile could require expensive equipment or be very time-consuming. In
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such cases, it can be useful to define a subset of the population — termed the “subpopulation” — and restrict
the sampling to that more convenient region.

It is important to appreciate, however, that the resulting samples can be representative only for that
subpopulation. The relevance or otherwise of those results to the total population rests entirely on the project
manager's assumptions (which are usually unverifiable).

Given the risk of multiple interpretations, it is important always to check that all involved parties are talking
about “the same amount of soil”.

EXAMPLE 1:
Pop(lation: The contents of the total stockpile.
Subpopulation: All material within 2 m of the perimeter of the stockpile.

EXAMPLE 2:
Poptlation: All soil from a soil treatment plant over a particular month.
Subpopulation: All soil produced through the month during the working day (e.g. 08:00 to 16:00).

D.3 Types of variability

D.3{1 General

A key element of sampling programme design is an understanding‘ef the main components of variability in the
soil [stockpile being sampled.

Twaq distinctive types of variability can be distinguished:
— | spatial variability;

— |temporal variability.

Tenpporal variability is only relevant in stockpile sampling when temporal processes determine| the spatial
varigbility within a stockpile or between stockpiles. When temporal effects are expected based on the process
whdrein the stockpile is formed, these effects should be accounted for in the assumptions on| the spatial

varigbility.

The| spatial variability is diseussed under the next three headings.

D.3[2 Fundamentalvariability

Soil|consists ofidifferent types and shapes of (soil) particles. On the scale of the individual particlep, there is a
degfee of vatiability that cannot be reduced without particle size reduction. This is called the “flundamental
varigbility” Sit*will be the cause of variability between samples whenever the characteristic of interg¢st (e.g. the
congenttation of metals related to the occurrence of organic matter) is directly related to a specific portion or
subgétof the particles.

As the average number of particles per sample increases, so the effect of the fundamental variability becomes
less dominant. Nevertheless, the effect can remain large even with a large number of particles in the sample if
the constituent of interest (e.g. small pieces of copper wire occurring incidentally as a waste material within
soil) arises in only a small proportion of particles, but at very high concentrations. Annex B provides the details
of a method that can be used to estimate the minimum size of samples to ensure that the error due to
fundamental variability is as small as required.

In general it is assumed that the heterogeneity between individual particles is of no importance when

assessing the quality of the soil. Therefore, the sample size (volume) should be of such size that the effect of
individual particles on the results from the sample is small.
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D.3.3 Variability within stockpile

The variability that is encountered when sampling soil stockpiles will generally be the variation that occurs
within an individual stockpile. This spatial variability is essential in quality assessment of soil stockpiles.
Whether one is interested in the variability within the stockpile or not, the potential occurrence of spatial
variability has a direct effect on the sampling strategy to be chosen.

Two different situations are distinguished.

The spatial variability within the stockpile should be known.

There i

The spatial
mixing the 3

The amoun

5 no specific interest in the spatial variability.

variability is an inherent characteristic of the population. Without manipulation of the niaterial
tockpile), it will not change.

t of spatial variability in the population cannot be quantified without defining the“scale” on w

that variabi
greater tha

to be impoftant, then that is the scale on which the sampling shall operate. If_-conversely, concentr3

variations Within any one kilogram of material are irrelevant, the primary aim<of\the sampling should b
quantify vafiability solely on the kilogram-to-kilogram scale. It is therefore of vital importance that the sca
stated explifitly.

The scale of sampling is discussed in Annex C.

D.3.4 Varjability between stockpiles

For quantification of the variability between stockpiles, the, variability within the individual stockpiles sh
either be qyantified or should be incorporated in the composite samples that are used to quantify the quali
each indiviqual stockpile.

Again the dcale on which the variability is quantified — now both within and between stockpiles — is of
importance| See also Annex C.

D.4 Erro

D.4.1 Sampling error

D.4.11

Based on th

the sta

General

ity occurs. For example, the variability from gram to gram of material in a stockpile is likely t
that from kilogram to kilogram. If concentration variations on so fine a scale as this are belie

e principle that causes it, the sampling error can be divided into two separate terms:

istical sampling error;

hich
b be
ved
tion
e to
eis

buld
y of

vital

the physical sampling error.

D.4.1.2 Statistical sampling error

It is seldom possible (or desirable) to sample the whole population. Consequently, any (statistical) parameter
(e.g. an average concentration) that is calculated from the results of a sampling programme will differ from the
“true” value — that is, the value that would have been obtained if the whole population could have been
sampled — except by a lucky chance. This difference is known as “statistical sampling error”.
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D.4.1.3 Physical sampling error

In addition to the statistical sampling error that arises as an inevitable consequence of the random selection
process, the sampling activity may itself introduce an additional error. This can be termed as the “physical
sampling error”’, and may take the form of either bias or random error.

EXAMPLE Suppose a 3 cm diameter auger is used when sampling a soil stockpile in which particle size may be as
large as 5 cm. The larger particles cannot be sampled and will therefore have no contribution to the measurements. As a
consequence, the measurements will be biased.

D.4.2 Sampling error due to pretreatment

Aftdr sampling sample pretreatment will be necessary, either in field directly after sampling)and/or in the
labqgratory in order to get a representative analytical sample. These activities themselves’ will add some
varigbility; both in the sense of the statistical and the physical sampling error.

As pretreatment still is a form of (sub)sampling, the additional variation caused by sample pretreatment is part
of the sampling error.

NOTE Due to the fact that the degree of variation reduction in sample pretreatment is usually (much) larger than the
addifional variation caused by it, the overall effect of pretreatment will be a reduction-of variation.

D.4.3 Analytical error

Thel analytical error is the error that occurs during the analytical activities necessary to obtain [the desired
results. Starting with the analytical sample, this means the*extraction or destruction of the samplg¢ or the test
carrjed out on the sample and the subsequent analysis of the extract, destruate or eluate.

NOTE A reliable estimate of the random error attribuitable to analytical error will generally be availgble from the
laboratory through its analytical quality control procedures:

D.4.4 Total error

The| total error is the amount of variation that is totally added due to all the activities necessary tp obtain the
des|red results. Based on the definitions of the sampling error in D.4.1 and D.4.2 and the analyfjical error in
D.4]3, the total error is the sum of'these two errors, or written as Equation (D.1):

2 2
CViotal = \/CVsampIing # CVanalysis (D.1)

whgre

CV is the-coefficient of variation.

D.§ Population parameters

A “population parameter” is any numerical characteristic of a population, such as its mean or its standard
deviation. An alternative term sometimes used is “statistical parameter” — in order to emphasise the distinction
between this and other usages of the word “parameter”.

A key step in planning a sampling programme is to specify the population parameter that should be estimated.
It is important to do this because the choice generally has a critical bearing on both the type of sampling and
the number of samples needed. For a number of commonly used parameters, Annex E provides statistical
expressions both for estimating the parameter itself, and for calculating the uncertainty associated with that
estimate. The second of these is a critical piece of information, because it provides the quantitative link
between the number of samples and the achievable reliability, i.e. precision and confidence (see D.6 and
6.6.3 and E.2.7).
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For estimating percentiles, as indicated in Annex E, the choice of method depends on what can be assumed
about the underlying “probability distribution” — a statistical term used to describe the relative frequencies with
which different values arise in a given population. Two probability distributions are particularly useful — the
Normal and logNormal distributions. Annex E accordingly provides a brief description of these distributions. It
also introduces the binomial distribution because of its importance to the handling and interpretation of
“presence/absence” data.

D.6 Reliability

The reliabili
and confid

D.6.1 Biasg

A biased
subpopulati

The total bi

Biotal 7

D.6.2 Pre

sampling programme is one that has a persistent tendency either to underestimate o
on.

iS (Byotg) Of the sampling programme equals:

= B

+B

sampling analysis

tision and confidence

A unique property of probabilistic sampling is that it allows an erfror band — known as a “confidence interv

to be place
the “precisi

the deq
the var
the pat|

the chg

d around any parameter estimate. The semi-width of the confidence interval is usually know
bn”. This depends on:

ired confidence level,
ability in the population or subpopulation;
ern of sampling (see 6.5), and

sen number of samples.

The key benefit of being ableto estimate the achievable precision and confidence associated with

proposed s
the reliabilit]

EXAMPLE

Suppose the

bmpling programime’ is that it provides a quantitative link between the sampling resources used
y of the resulting-answers.

summary statistics for the cadmium concentrations found in 30 random samples of contaminated soil are

r to
overestimafe the parameter of interest. Bias is a particular risk when sampling takés place from a

D.2)

A
n as

any
and

x =45

mg/kg and s = 35 mg/kg.

A 90 % confidence interval for the mean cadmium would be

45 mg/kg + 10,9 mg/kg,

68

namely 34,1 mg/kg to 55,9 mg/kg.
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Annex E
(informative)

Statistical methods for characterizing a population

E.1 Probability distributions

E.1{1 General

Thel| “probability distribution” is a statistical term used to describe the relative frequencies with whjch different
valyes arise in a given population. The probability distribution plays an important role in sampling [programme
des|gn, because the reliability of a programme can be improved if the form of theyunderlying distribution is
knopn (or can reasonably be assumed).

Three distributions of particular relevance to the design of sampling pregrammes are descrjbed in the
follqwing subclauses.

E.112 Normal distribution

The] probability distribution used most widely in statistics is the' Normal distribution. This has a characteristic
“bell” shape, and is defined by two quantities or “parameters”: the mean (which fixes the cgntre of the
distribution), and the standard deviation (which determines the degree of spread). These and other statistical
parameters are discussed further in E.2.

Figdre E.1 shows an example of a Normal distribution with mean 12 mg/kg and standard de)iation 2. A
chafacteristic property of a Normally distribuiéd population is that about 68 % of its observations [fall within a
range of + 1 standard deviation from the>mean, and about 95 % fall within + 2 standard deviations. Here,
therefore, most of the area under the curve’lies in the range 12 £ 2 x 2, namely 8 mg/kg to 16 mg/kg.

Thel Normal distribution is important for two main reasons. One is that many standard stgtistical test
pro¢edures (e.g. t-tests, F-testS),rest on the assumption that the sample values have been drawn from a
Normal population.

Norfnality is nearly always a reliable assumption for analytical error, but is less generally applicable for
varigbles describing ‘the composition of a heterogeneous material like soil. It is more commgn to find a
positively skewed~distribution, whereby the majority of values are grouped relatively close to [zero, but a
minprity of values form a tail of increasingly larger concentrations. It is easy to see how thid can arise:
congentratioris(or other relevant characteristics of the material) can never be less than zero, buj occasional
high concentrations can occur.

Suchpopulations are often better described by the logNormal distribution (see E.1.3).

E.1.3 LogNormal distribution

Figure E.2 shows an example of a logNormal distribution with mean 3,0 and standard deviation 2,4 (giving a
relative standard deviation, or coefficient of variation, of 2,4 / 3,0 = 0,8). The right-hand skewness can clearly
be seen: more than 90 % of the population falls below 6 mg/kg, whilst the greatest 1 % of the population lies
beyond 12 mg/kg.
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Key
X concentration 1 normal curve 3" 90-percentile
Y probability density 2 mean, median 4  99-percentile

NOTE Standard deviation = 2,0

Figure E.1 — Example of a-Normal distribution
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Key
X concentration 1 logNormal curve 4  90-percentile
Y probability density 2 median 5 99-percentile

3 mean
NOTE Relative standard deviation = 0,8

Figure E.2 — Example of a logNormal distribution
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The logNormal distribution is only a convenient approximation, and cannot always reflect the extreme
skewness seen in some types of data. Nevertheless, it often provides an acceptable assumption, especially
where the purpose of the sampling is to estimate mean concentrations (see E.2.3). There is also a practical
advantage in assuming a population to be logNormally distributed, in that after logarithmic transformation the
values become Normally distributed. This makes statistical analysis more straightforward, and in particular

allows methods based on standard Normal theory to be used.

E.1.

4 Binomial distribution

Some cases will arise where the measurement of interest is not a continuous variable, but is instead an

attri

bute or characteristic of the population that can be either “present” or “absent” In such cases, a Widely

app
to b
obs

For
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EXAMPLE 2
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Sup
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prog
alloy

icable distribution is the “binomial distribution”. This is defined by two parameters: the number
e taken (n), and the proportion (p) of the population that has the attribute in question. Fhe p
brving a specific number of samples, r, exhibiting the attribute of interest is given by:

n! -

-p

B(rynp) = ml’ )"

small values of n, individual binomial probabilities can be evaluated by the straightforward aj
equation. However, it soon becomes a problem for larger values of #:"Where binomial or|
mial probabilities are needed, therefore, it is advisable that these are calculated using th
tions available in most popular spreadsheet packages.

MPLE 1
pretical example:

fair coin is tossed 10 times, “tails” will on average appean.5 times, but because of sampling error the a
well be less than or greater than 5. The binomial dis{tibution B(r; 10, 0,5) determines the precise prok
hO0,1,2,...,9, or 10 tails will be seen. For example{the probability of getting exactly 5 tails is 24,6 %.

tical application:

pose it has been agreed that the mean concentration in no more than 50 % of daily produced soil stockp
ment plant may exceed a givensgoncentration level. From daily analysis over 30 days, 19 stockpiles are
eding the given concentration-level. The binomial distribution can quantify just how unusual it would
ortion as high as 19/30 through sampling error alone, assuming that the process had truly been comp
ved rate of 50 %. (In thissexample, the probability of getting a result at least as extreme as this is 8 %, \

of samples
robability of

(E.1)

bplication of
cumulative
e statistical

ctual number
abilities with

iles by a soil
identified as
be to get a
ying with the
hich is small

but pot unbelievably so.)

E.Z Statistical parameter

E.2[1 .General

A key step In planning a sampling programme Is to specify the statistical parameter that Is to be estimated.
This is important because the choice generally has a critical bearing on both the type of sampling and the
number of samples needed.

NOTE For example, composite sampling is an effective method for estimating the mean concentration, but is
inappropriate for a percentile- or maximum-related purpose.

Except for the expression for the estimation of the statistical parameter itself, a second expression is needed
for calculating the statistical uncertainty associated with the estimate. The second of these is a critical piece of
information, because it provides the quantitative link between the number of samples and the achievable
reliability (i.e. precision and confidence). This is addressed in detail in E.2.8.2.

The following subclauses provide both expressions for each of a number of commonly used parameters.
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E.2.2 Symbols and abbreviated terms

The symbols and abbreviated terms used in this annex are as follows:

is the total number of samples or observations
is the ith sample value (with i running from 1 to n)
is the ith ranked value, i.e. the ith value after sorting the » values into increasing order

is the population mean

e tha camnla maan
TotHe-Sartpre-—THean

es(z)

B(r;n,p)

CumB(r;n,p

E.2.3 Meg

The arithmetic mean — usually abbreviated to/“mean” — is the most commonly encountered parameter. It
measure of the “central tendency” of a population. An unbiased estimate of the population mez

very useful
provided by

Y

—

X

The uncerta

es()_c) b

n

is the population standard deviation
is the estimated standard deviation

is the standard normal deviation corresponding to cumulative probability p
is the chi-squared deviate corresponding to cumulative probability p

is the population P-percentile

is the estimated P-percentile
is the standard error of the statistic z

is the binomial probability that exactly » out of » random:samples have a particular charactelistic
of interest, when the proportion of the entire population.having this characteristic is p.

is the cumulative binomial probability that up to@~out of » random samples have a partiqular
characteristic of interest, when the proportion of the entire population having this characterjistic

is p.

is a
nis

the sample mean, given by:

D x;

S (E.2)
n

inty is given by:

= (E.3)

n

E.2.4 Sta

ol ol ol -y
udiu ucviauivll

The standard deviation is a widely used measure of the variability of the population. It can be thought of as the
root-mean-square of all the units in the population. A (nearly) unbiased estimate of the population standard
deviation is calculated as:

2
NCEEYS
(TG
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(E.4)
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For Normal populations, the uncertainty in s can be assessed using the chi-squared distribution. A C %
confidence interval for o given s can be calculated as:

s\/(”_” to s l(”_21) (E.5)

2
X1-p Zp

where

hc)

400
[ E.6
p 2 (E.6)

The] square of the standard deviation, s2, is known as the “variance”. The variance is of gréat injportance in
stat|stical theory, but is not a practically useful measure for reporting variability as it is pet-defined jn the same
dimgnsions as the observed data.
EXAMPLE

Suppose a set of concentrations had a mean of 1,1 mg/kg and a standard deviationof 0,3 mg/kg.

The [variance would be 0,09 mg2/kg?.

E.2[5 Coefficient of variation

Thel variability of a population can also be defined in a nofsdimensional manner by the coefficient pf variation,
CV.|An approximately unbiased estimate of the coefficient of variation is given by:

CV = (E.7)

><||v:

The| uncertainty in CV can be quantified.for Normal populations, but this information is not reqyired for the
present applications.

The| coefficient of variation isparticularly useful when the variabilities of different populationg are to be
conpared. For many types (of-material, it is found that the standard deviation of a determingnt tends to

increase in proportion with, itS mean. Thus, the relative standard deviation, i.e. the CV, is approximately
congtant, and so this forms-a good basis for comparison.

E.2|6 Percentiles

E.2/6.1 General

The] P-percentile of a population is that value below which P % of the population lies.

EXAMPLE In Figure E.1, the 90-percentile has a value of about 14,6 mg/kg. This means that 90 % of the population
is less than or equal to 14,6 mg/kg. Equivalently, 10 % of the population lies above 14,6 mg/kg.

Depending on what information is available about the underlying probability distribution, percentiles can be
estimated in a variety of different ways, which will result in different estimates for the same percentile. Three
methods to estimate a percentile are described below. Given the variety of methods to estimate the
percentiles and the differences between these estimates, it is important to specify how percentiles are
calculated.
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E.2.6.2 Percentiles assuming Normality

The P-percentile is defined as u+ u,o.

where

p  =P/M00

Standard Normal deviates u,, for various values of p are given in Table E.1:

EXAMPLE

An (almost
X » = X

where
p =4

An approxin

es(Xp

E.2.6.3 P
E.2.5.1 app

— The st
base-e

— Atthe
the unl

Table E.1 — Standard Normal deviates U,

P 1 5 10 50 75 90 95 97,5
)4 0,01 0,050 0,1 0,5 0,75 0,9 0,95 0,975
u, | -2,326 | -1,645 | -1,282 | 0,000 | 0,675 | 1,282 | 1,645 | 1,960

For example, the 95-percentile is i+ 1,6450, and the 1-percentile is 11— 2,326 ¢
unbiased estimate of the p-percentile is given by:

+ ups

P/100

nate equation for the uncertainty in )?p is:

2
Y Y
7 2(n—1)

prcentiles assuming logNormality

ies equally to the case of logNormally distributed data, with the following adjustments.

is used);

bgged'domain.

Andard deviation/s refers to the log-transformed data (it being immaterial whether base-1

E.8)

E.9)

D or

pnd of-the calculation )?p , the estimate of the P-percentile, should finally be antilogged to retuin to

E.2.6.4 Percentiles — non-parametric approach

If nothing can reliably be assumed about the probability distribution, a “non-parametric’ method is
recommended. This is somewhat less precise than a parametric method — such as those in the preceding

clauses — b

ut is clearly a safer option when the parametric approach cannot be relied upon.

There are numerous slight variants of the non-parametric approach. The one proposed here is the so-called

“Weibull” convention, whereby the P-percentile is estimated as follows:

X, = X(r) (E.10)
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where

r:[%](nn) (EA1)

If » is not an exact integer, linear interpolation should be used as follows:

X, =(1-d)X(s)+dX(s +1) (E.12)
where

s = integer part of »; and

d =r-s.

The| concept of standard error is less appropriate for non-parametric methods.

Instead, the uncertainty in )?p can be quantified by a conservative confidencge interval

{X(rq) to X(ry)},
whdre

rqand r, are defined by the following cumulative binomial expressions:
7 is the largest integer satisfying the condition CumB(r; — 1; n,p) < (1 - C/100)/2, and

¥y is the smallest integer satisfying the condition CumB(r, — 1; n,p) > 1 - (1 - C/100)/2

NOTE The resulting interval will in general~have a confidence coefficient rather larger than C %, befause of the
discfete nature of binomial probabilities.

EXAMPLE

Suppose it is required to estimaté the 80-percentile cadmium concentration from 39 random samples taken fr¢m a soil
stockpile, together with a 90 Y%-confidence interval.

Estimating the 80-percentile cadmium concentration by the Weibull method:
Xgo = X(r), Wihere r = (80/100)(39 + 1) = 32.

Thug f(so is-estimated by X (32), the ordered sample value with rank 32 (or, equivalently, the 8th largest vallie).

With .a 90 percent confidence level:

C =90 %, and so the conditions for 4 and r, are:
CumB(rq - 1,39, 0,8) < 0,05 and CumB(r, - 1; 39, 0,8) > 0,95.
Using appropriate software, we find by experimentation that:
CumB(26; 39, 0,8) =0,0355 and CumB(35; 39, 0,8) = 0,966 8.
Thus the interval X(27) to X(36), i.e. the interval from the 13th biggest to the 4th biggest sample value, provides a

conservative 90 % confidence interval for the true 80-percentile cadmium concentration. (The actual confidence coefficient
is 0,966 8 — 0,035 5 = 0,931, or 93,1 %).
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E.2.7 Maximum

The population maximum should not be used as the desired statistical parameter (except in the unlikely event
of the sampling being of very high frequency). This is because no reliable estimate of the maximum can ever
be obtained from a set of sample values. The sample maximum will always be an underestimate of the
population maximum, and furthermore, there is no straightforward method available for quantifying the extent

of that bias.

Where the primary goal is concerned with “worst case” values, the recommended approach is to recast the
goal in terms of a suitably high percentile — say the 99-percentile. The methods described in E.2.5 can then be

applied.

E.2.8 Per

E.2.8.1

The primar

(e.g. a target or intervention value).

As with per
two approa

E.28.2 P

Using the g
Normal), a
compliance

The param
nature of th

estimate differs markedly from the non-parametric compliance figure — that is, the simple pass rate calcul

directly fron
(even in the
its applicati

E.2.8.3 P
By the non-

The samplg

The adva

n
original safples
for any distfibutional assumptions about the population.

General

prcentage compliance — parametric approach

centage compliance with a given limit

sampling goal often relates to the percentage of a population that complies\with a specific

centile-type goals, both parametric and non-parametric approaches can-be taken. To contrast
ches, imagine that the limit L shall be complied with for P % of the time or better.

arametric approach, the P-percentile would be estimated assuming a particular distribution
nd the resulting estimate X, would be comparedpwith L. The statistical uncertainty in
result would then be assessed using the quantity eg(.X, ).

ptric approach is not, however, generally suggested unless there is reliable information about
e underlying distribution, because of the confusion that can be caused whenever the param

h the data. Moreover, the details of the statistical method go beyond the scope of this docun

case where Normality can be assummed), and so specialist statistical advice should be sough
DN.

prcentage compliance —-non-parametric approach
parametric approach; the quantity » (the number of sample values < L) is first calculated.

compliance 100(y/n) % can then be determined.

ge nowdis,that 100(»/n) is binomially distributed (irrespective of the distribution followed by
), @and’so the statistical uncertainty in the compliance result can be assessed without the n

imit

the

e.g.
the

the
btric
hted
nent
t for

the
eed

Specifically, ac-Y%confidence—intervat-for-the—true pupu:atiuu L;UIII[J“GIIL,U S yivcll Iuy [1GG[J|_O to 1GGPUP]’

where:

PLo is chosen so that

and

pup is chosen so that

CumB(r;n,p)

76

1 —CumB(r —1; pLo.n) = (1 - C/100)/2,

CumB(r; pup.n) = (100 — C)/2.

is the cumulative binomial probability that up to » out of » random sam

ples

have a particular characteristic of interest, when the proportion of the entire

population having this characteristic is p.
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Although the definition of the limit with which the observations are to be compared falls outside the scope of
this part of ISO 10381, it is important to realize that the (often implicit) statement that “no observation may
exceed the limit” is statistically unusable. It implies that not even one single unit of the population (at the
investigated scale, see also D.2.2) might have a concentration above that limit. In order to test this hypothesis,
it would be necessary to test the entire population at the predefined scale!

However, an almost equivalent but statistically “coherent” level of protection can be obtained by requiring that
99 % (or even 99,9 %) of the population at the defined scale, rather than 100 %, should comply with the limit.
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Annex F
(informative)

Calculating the required number of samples

F.1 Symbols and abbreviated terms

The symbols and abbreviated terms used in this annex are as follows:

n

prec

is the total number of samples or observations
is the number of increments per composite sample
is t:[e population mean

is the standard normal deviation corresponding to cumulative probability p
is the chi-squared deviation corresponding to cumulative probability p

is the population P-percentile

is the estimated P-percentile
is the standard error of the statistic z

is the standard deviation of local (i.e. within-composite) spatial variation

is the standard deviation of between-composites spatial and/or temporal variation

is the standard deviation of total spatial and/ortemporal variation (= \/[aw2 + abz])

is the standard deviation of analytical error
is the desired confidence level (%)
is the cumulative probability related to the desired confidence level

is the desired precision

F.2 Estimmating a mean concentration

F.2.1 Using composite sampling

The standafd-error of the mean is given by:

eg(mean) =

2
o
—W+G§+O'§
m

(F.1)

Thus for a given value of m, and assuming Normality, the number of composites required to achieve the
desired precision and confidence is given approximately by:

78
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2
2
n=|_ta X O-—W-i-ag—i—ag (F.2)
dprec m

a is1-(1-C/100)2.

Alternatively, Equation (F.1) can be rewritten to determine the number of increments (m) needed per
composite sample if n, the total number of composite samples, has been set in advance. Thus:

m= Tw (F.3)

2
d
[pj ot -o?

NOTE 1 It may be desirable to plan to take only a single composite sample. Provided sz + %2 is sufficiently small,
this fan be achieved by setting » equal to 1 in Equation (F.2).

In practice, the true standard deviations are unknown and so estimates must be used. In some cases, it may
be @ppropriate to use the values obtained from the past analysis of sdmple data from similar inJyestigations.
Othgerwise the estimates should where possible be obtained from a preliminary pilot study.
EXAMPLE 1

Suppose that:

— |estimates of g, o, and o, are 4 mg/kg, 2 mg/kg and 0,5.mg/kg;

— |10 increments are to be taken per composite (i.e. m'= 10), and

— |the mean is required to be estimated to a precision of dorec = 1 mg/kg with 90 % confidence.
Calqulating a for a 90-percent confidence level.

ForC=90, a=1-(1-90/100)/2= 0,95, and so u, =1,65.

Calculating n from Equation (F.1),

n = (1,65)2(16/10 + 4.%.0,25) = 15,9.

Thus, about 16 composite samples would be needed to produce a mean to the required reliability.

To dgecide on‘the most appropriate value of m, it is necessary to consider the relative costs of sampgling and
analysis.

EXAMPLE 2

Suppose that
A is the sampling cost per increment, and

B is the analysis cost per sample (considerably greater than 4).
The total cost 7, is accordingly given by:
Te=(4, +B)n (F.4)

Thus, using Equation (F.1) with various trial values of m, it is possible to find the combination of m and » which minimizes

T,
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Continuing with the earlier example, suppose that:

— values of m ranging from 1 to 20 are considered, and

— Bl4 =30 —that is, a sample analysis is 30 times more expensive than the cost of a sample increment.

Getting the n

and T values:

The upper panel of Figure F.1 shows the n value given by Equation (F.1) for each trial value of m.

The low

Thus, itis ap|

Y |
60

3

50

40
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0

er panel then shows the corresponding values of the total sampling cost 7, (in arbitrary units).

parent that the optimum number of increments per composite sample is about 6.
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a) Samples needed to achieve specified precision and confidence

Y'A

20

XV

Key

fal
A%

A Q
= o

4.0
1

4L
LAY

rAav)

b) Cost of sampling in relation to number of increments per composite sample

X number of increments, m

Y required number of composites, n

Y’ total cost of sampling, 7,

Figure F.1 — lllustration of the relationships between m, n and T (see text for details)
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F.2.2 Using individual samples

The standard error of the mean is given by:

(F.5)

Thus, the number of samples required to achieve the desired precision and confidence is given approximately
by:

2
n:( Ya } x(032+ 0'3) (F.6)

whdre
a=1-(1-C/100)/2.

NOTE Spot sampling can be thought of as composite sampling with just\ene increment per composife. Thus, the
resylts of the previous section apply to the case of spot sampling by substitdting m = 1 and replacing O'W2 + sz by 032.

In practice, the true standard deviations are unknown and so.estimates must be used. In some cases, it may
be @ppropriate to use the values obtained from the past analysis of sample data from similar inyestigations.
Othgerwise the estimates should where possible be obtained from a preliminary pilot study.

EXAMPLE

Suppose that:

— |estimates of og and o are 4,5 mg/kg and Qs5 mg/kg, and

— |the mean is required to be estimated {0 a precision of d = 2 mg/kg with 90 % confidence.

Getljng u,,:
ForC=90, a=1-(1-90/100)/2=0,95andso u,=1,65.
Getfjng the n value:

From Equation.(E.5), n = (0,825)2(20,25 +0,25) =13,9.
Thus:

About-14 spot samples would be needed to produce a mean to the required reliability.

F.3 Estimating a standard deviation

The following approach is applicable when the population can be assumed to be normally distributed. Even for
non-Normal populations, however, the method is useful as a rough approximation.

Confidence intervals for o can be calculated using the equation given in E.2.4. For a given choice of
confidence C, this can be evaluated for a range of trial » values, and this will identify the number of samples
that provides the required precision.

EXAMPLE

Suppose it is required to estimate the standard deviation to a precision of 20 % with 90 % confidence.

© IS0 2006 — Al rights reserved 81


https://standardsiso.com/api/?name=19bd86438ad0a69900229a3180d31bf0

ISO 10381

-8:2006(E)

For 90 % confidence, the lower and upper p values are = 0,5 + C/200 = 0,05 and 0,95.

With the help of statistical tables of the ;(2 distribution at the P 0,05 and 0,95 points, the following Table F.1 can be

the
hote
tion

F.7)

developed.
Table F.1 — 90 % confidence limits for of/s for various numbers of samples
No. of samples Lower 90 % confidence limit for ofs Upper 90 % confidence limit for ofs
n Vitn = 1) Vitn = 1)
(p =0,05) (» = 0,95)
20 0,79 1,37
30 0,83 1,28
40 0,85 1,23
50 0,86 1,20
60 0,87 1,18
70 0,88 1,16
80 0,89 1,15
90 0,89 1,14
100 0,90 1,13
120 0,90 1,12
150 0,91 1,11
200 0,92 1,09
It can be sgen that with 50 samples, the lower and“upper confidence limits are 0,86 and 1,20. That is,
population $tandard deviation o may be 14 % below or 20 % above s, the observed standard deviation (
that the intgrval is asymmetrical). Thus, a precision of 20 % or better will be achieved by a standard devic
calculated ffom 50 random samples.
F.4 Estimating a percentile
F.4.1 Asquming normality
The standafd error of the-P-percentile X is given by:
2
u
es(Xp)=a 1+ P
n 2mn-1)
where
p =P/100
o = \/(0'32 + O'ez)
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Thus, the number of samples required to achieve the desired precision and confidence is given approximately

by:

a is1-(1-C/100)2

(F.8)

EXA

Sup

Find

Res

s is an estimate of o
MPLE
bose that:

ois estimated by s = 3,5 mg/kg, and

the 95-percentile is required to be estimated to a precision of d = 1,46 mg/kg.with 90 % confidence.

prec
ing y, and u,;
For the 95-percentile, p = 0,95 and so U, = 1,65.

For C=90,a=1-(1-90/100)/2 = 0,95, and so u, = 1,65.

ing the n value:

Thus from Equation (F.7), n=(1,65x 3,51 ,46)2 x(1+ 1,652/2) =36,9.
it

Thus, about 37 samples would be needed-for the 95-percentile to be estimated to the required reliability.

2 Non-parametric approach

determining the precision-achievable by a non-parametric approach, there is no direct
lable corresponding to-the”one given in F.4.1 for the Normal case. As a rough approximatio

expression given incE:4.1 can still be used, but with an additional multiplicative factor of 1,
sent the poorer_précision typically attained by the non-parametric rather than the Ng

expression
n, however,
8 applied to
rmal-based

he first step
d in E.2.6.4
bplied. This
pressed as

a suitable

historical data set is available. These trial calculations will give an indication of the precision that can typically
be achieved at C % confidence for various numbers of samples; and from this an appropriate choice can be
made.

EXAMPLE

Suppose that the 80-percentile cadmium concentration from a particular soil stockpile is required to be estimated to a
precision of d = 15 mg/kg with 90 % confidence.

Select n = 39 as the trial number of samples.

From E.2.6.4, a conservative 90 % confidence interval is provided by the interval X(27) to X(36).
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values are: (12, 12, 13, 15, 17, 20, 20, 25, 26, 31, 31, 35, 36, 40 and 55) mg/kg.

Thus, th

e 27th and 36th ranked values are 13 mg/kg and 35 mg/kg, and so the expected precision is

(35 - 13)/2 = 11 mg/kg.

Select n =29

This is better than required, and so a lower trial value of n is selected.

as the new trial number of samples.

From a set of 39 cadmium concentrations taken at random from prior comparable soil stockpiles, the 15 highest

From E

From a
(1(

Thus,
(40 — 12

Result:

About 2

F.5 Estir

The approa|
for each of
calculated

quantitative
arriving at 3

EXAMPLE
Suppose tha

the perg
— this per

nothing

Select a tria

I:

L

2.6.4, a conservative 90 % confidence interval is provided by the interval X(20)to X (28).

set of 29 values taken at random from the historical data, the 12 highest values are:

, 12,12, 15, 20, 20, 25, 26, 31, 35, 40 and 55) mg/kg.

he 20th and 28th ranked values are 12 mg/kg and 40 mg/kg and so the\expected precisio
)2 = 14 mg/kg.

This is gadequately close to the required precision.

O samples would therefore be needed for the 80-percentile to be.estimated to the required reliability.

hating a percentage compliance with a\given limit

ch here is similar to that described in F.4.2. First, the desired confidence level, C, is chosen. T

a range of trial sample numbers, the C*%-confidence interval for the true percent compliang

Ising the methodology described in E;2.8. The resulting set of confidence intervals shows

link between achievable precision'and samples taken, and hence provides a rational basig
n acceptable compromise.

entage of a soil stoekpile meeting a particular cadmium concentration limit is thought to be about 80 %;
entage mustbe estimated to a precision of 10 % with 90 % confidence, and
is known about the statistical nature of the cadmium distribution.

number of samples of n = 20, and suppose that 16 samples meet the required cadmium limit (that is|

hen,
e is
the
for

the

observed compliance rate is 80 %).

compliance percentage.

Thus, a

Select a trial

This is 71,7 % to 98,2 %, giving a precision of about 13 %.

greater number of samples is needed.

number of samples of n = 40, and suppose that 32 samples meet the required cadmium limit (to keep the

observed compliance rate at 80 %).

84

Using the non-parametric binomial method described in E.2.8.3, calculate a 90 % confidence interval for the true
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