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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 12404 was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 3, Chemical
methods and soil characteristics.
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Introduction

Screening methods, which can be chemical, physical or biochemical in nature, can often be applied in a quick
and simple manner. Performance of quick and simple tests can be used in the field (i.e. on-site) and, in some
cases, are also applicable for laboratory use. They can indicate the presence or absence of an analyte, or
provide a qualitative estimate of a concentration or value, or generate a quantitative result. They can also be
used to produce a spatial distribution of concentrations or values within a site, which can be supported by
subsequent reference (laboratory-base) analysis. When used in this way, the purpose is generally to obtain
information on target parameters or groups of parameters and the location of unusual concentrations, possibly
prior to undertaking a more detailed study or investigation. For these purposes, the bias and precision of
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nstrated by International Standards, as the initial objective of their use is to obtain as muchir

example as
formation as

ble in a relatively short period of time on the presence or absence, or range of concenirations likely to be

Mmined for a particular site. It may be more important to obtain a result quickly or with an imp
Lition as an indication of the magnitude and likely concentration, rather than precise’and unb

ally, for measurement techniques, a result may be obtained in one of three ways. Firstly, as
nce or absence result. Secondly, as a semi-quantitative result expressedwithin a relatively
s, and thirdly, as a result with an accompanying uncertainty of measurement with a signifig
of values that might be expected. (The third option is usually a‘fesult generated using
nce method, with the uncertainty of measurement of laboratory-reference methods ge
er than that of screening methods.) Whichever result is generated depends on the nature ar
ning method used, as well as the technology on which the sereening method is based.
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information as that obtained in situations where only laberatory reference methods are used. W
of thgse rapid measurement techniques at a particular siteé should not replace conventional analy
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se of screening methods usually increases the efficiency-of a site investigation, while proviging as much

y facilitates the investigation in a complementary role. Generally, many more samples can
esults generated faster than determined bymore conventional testing of laboratory referer
bnables areas, for example, those with very(high levels of concentrations, or where very low cq
to be identified much more quickly and-efficiently. If too few samples are taken and analy

laboratory reference methods, theresis a risk that these areas might not be identified and
ssed. This process then allows mere effort to be directed on those areas where high or u
kely to be present, for example, by employing conventional laboratory reference method g
ave time, money and resources, especially when cost-effective screening methods are appl
er of samples and suppottive conventional reference method analysis is also undertaken, wh

ise of screening méethods, particularly if carried out on-site, can offer an immediate deg
Ftunity which enables staff to direct their efforts more effectively to those areas where a m
tigation might need to be undertaken. The guidance in this International Standard describes th
reening methods, and how they might be used for assessing soil quality. Notwithstanding

Although soil screening methods are most commonly used to determine contaminants (pollutar

hilst the use
sis, their use
be analysed
ce methods.
ncentrations
sed by more
could easily
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nalysis. This
ed to a large
ere relevant.

ision-making
pre thorough
e application
some of the

s raised,Screening methods can generate robust and reliable results which can be used with confidence.

ts) in soils, for
g. agricultural

bleinsite investigations, they can also be used to determine parameters in uncontaminated soils (e

soils.
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INTERNATIONAL STANDARD

ISO 12404:2011(E)

Soil quality — Guidance on the selection and application of
screening methods

1 Scope

This International Standard provides guidance on the selection and application of screening methods for

assessing-soilaualitv - Guidance-is-given-to-choose-an-appropriate-scresning-method for a-speci
g < Y g Prror g g

and ¢

This
of thq

efines the conditions under which they can be used.

fic parameter

nternational Standard does not recommend any particular screening method, but confirms the principles

ir selection and application.

2

The following referenced documents are indispensable for the application of this documen

refer
(incld

ISO

3 1

For the purposes of this document, the terms and definitions given in ISO 11074 and the followin

341

screening method

11074, Soil quality — Vocabulary

ormative references

nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

[erms and definitions

t. For dated
ed document

y apply.

I obtain data

ds and is not

rmed within a

methpd which is used (often on-site) to_quickly explore a given area or test a set of samples an
on sqil quality

3.2

laboratory reference method

laborptory-based method whickris performed in accordance with National or International Standa
necepsarily comparable with“screening methods

NOTH A laboratafyyreference method may be recognized nationally or internationally and is perfol
qualifled laboratory.<ts-results are not necessarily comparable with those of screening methods.

4 General

4.1 =lltl Uduutiun

This International Standard describes a framework for selection and application of screening methods.

It defines the whole process, from the selection of the screening method, the applicability and fit-for-purpose
testing, the fulfilling of the acceptance criteria, the quality control of the applied method, to the documentation
of measurement results.

The suitability of any particular screening method depends on the parameter or group of parameters requiring

deter

mination and on the technical nature of the method.

Screening methods can be classified in various categories as outlined below.

©1SO
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4.2 Typical areas for application of screening methods

Screening methods may complement a laboratory reference method, but may also be used alone where a
definitive decision can be made using the screening method. Screening methods can be used to set priorities
for a site investigation or facilitate the design of a sampling plan. Even allowing for the higher uncertainties of
measurements generally associated with such methods, they may be used to quickly obtain an indication of,
for example, the quality of soil or the concentration of parameters of interest present on a site, including those
areas showing very high levels, and those areas showing low levels. Knowledge of these results can be used
quickly and decisions taken directly after the measurements are made to identify specific site locations where
further sampling and analysis may be required, or to prioritize those samples that may need to be analysed
using laboratory reference methods.

Screening m

and those th

further inves

one of three

igation or follow-up action needs to be taken. Screening method analysis can be carried
ways:

a) ator very close to the sampling location on-site in the field;

b) at or vefy close to the sampling location inside a dedicated test room or anrea equipped with
serviceq such as electricity and water, for example, where non-portable equipment needs to be use

c) in a conyentional laboratory.

Screeningm

in better qud
repeated, if 1f

Screening m

4.21

Screening m

provisio

4.2.2 Moni
Screening m

to monit

4.2.3 Ident

preseleq

to perfol

bthods carried out in a dedicated test room, or an area equipped with basic services, usually

ecessary.

pthods constitute a useful addition to standard procedures in the following areas.

Support of sampling/sample preparation processes

ethods may be used for the following:

tion of samples for analysis in the taboratory;

selection of the most suitable analytical'method (working range, specificity, robustness);

n of information relevapt.for sample preparation.

oring of processes
ethods may.be used:
br and eontrol processes (e.g. remediation);

m-quality control on the operation of a soil remediation treatment plant.

ethods are often used to aid selection of those samples that are to be determined in a labay
bt are not. In addition, they can be used as an indicator that may suggest those locations v

lity than those carried out on-site. In addition, any unusual or unexpected result can quick

atory
Vhere
but in

basic
;

result
ly be

ification of homogeneity/heterogeneity of bulk material

Screening methods may be applied to measure “target compounds” in large amounts of soil and soil-like
material to check the degree of homogeneity.

4.2.4 Survey of contaminated sites (hot-spot identification)

Screening methods are useful to identify contaminated areas in contamination-suspected sites. An example for
contaminated sites is given in Annex A, Figure A.1.

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=5f33081215162dbd78c4fc3bc402dd5e

4.2.5

ISO 12404:2011(E)

Monitoring of large areas

Screening methods may be used for determination of the distribution of key parameters, e.g. nutrients in
agricultural land.

4.2.6

Safety issue

Screening methods can be used to detect potentially hazardous compounds (e.g. gases, explosives) which
may be harmful to the individuals taking and processing the samples.

5 Selectionof-asereening-method
B v

5.1

General objectives

Before the screening of a site (see 4.2) can be conducted, a thorough planning phase.is necessa

First,
from
is inf
conc

allinformation available about the site has to be evaluated. This may be historical records or g
previous investigations. Essential prerequisites for the suitable preparatioh of a screening
brmation about the hydrogeologic situation, the kind of contaminants ‘ahd parameters of int
bntrations or values likely to be expected, as well as any information about the locality,

formegr use of the site.

Furth

With
the s

Somg
fora

—

ry.

ata available
investigation
brest and the
ncluding the

ermore, the infrastructure of the site and the accessibility may need to be taken into considgration.

this background information, data quality objectives have.to be defined, that determine the a
creening method. Only with these preliminary steps.isthe selection of screening methods p

e examples of detailed questions are listed below: This list is not exhaustive and not all migh
specific site:

arameters and analytes of interest;

— 1natrices of interest and condition andkvariability of matrix;

—

—

—

ata quality objectives;
arameter values known, @€xpected or already found on-site;

jeneral spatial extentofrelevant parameters;

— gase of sampling;

JR— q

4

—_— 3

J

ite facilities;

ite area;

pplicability of
pssible.

t be relevant

— r||umber of results per time unit;

— health and safety considerations.

5.2

Selection criteria

The following criteria should be taken into consideration when selecting the appropriate analytical method. The
decision-making process and the results have to be documented by the user.

5.21

Sampling/sample pretreatment/preparation

Sampling/sample pretreatment/preparation:

— direct measurement [e.g. handheld (X-ray-fluorescence systems) allow direct measurement with limited
sampling/sample pretreatment/preparation];

©1SO
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— pretreatment/preparation (e.g. extraction, separation);

— particle size and homogeneity.

5.2.2 Parameter definition
Parameter definitions are as follows:
— total content (e.g. chromium, benzene);

— individual species [e.g. Cr3+, Cré+ Fe2+, Fe3+, volatile organic carbon (VOC)];

— sum parpmeters [e.g. total organic carbon (TOC), adsorbable organically bound halogens (AOX)].

5.2.3 Method characteristics

Method charpcteristics are as follows:

— sensitivity, selectivity, accuracy value (e.g. limit value, target value);
— working|range;

— limit of detection;

— matrix interferences;

— method |imitations/interferences.

5.2.4 Boundary conditions

Boundary conditions are as follows:

— rapidity (in relation to aim of determination);
— mobility;
— costs;
— quality target of analysis;

— frequengy of use (continuous-once only);
— competégnce of staff;

— legal requirements;

— availabillty and/or ease of acquisition of the necessary equipment;

— infrastrututal conditions.

The criteria shall be weighted differently depending on the intended application.

5.3 Fit-for-purpose test

In a second step, after passing the selection steps in 5.2, the selected method has to pass a fit-for-purpose test
as described in Clause 7.

5.4 Quality targets

A documented procedure for the application of a screening method and for all associated quality-control
measurements shall be available to the person undertaking the test. Only after such tests have been carried
out and which demonstrate the intended sensitivity and stability, should field measurements be undertaken.

4 © 1SO 2011 — All rights reserved
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Applying control charts to the results of such tests, over a long period of time, should demonstrate the
performance of the screening method and indicate whether it is acceptable or not.

6 Application and applicability of a selected screening method

6.1

General

This clause deals firstly with the requirements of applying a screening method, secondly, with the quality
assurance aspects during application, and finally with the applicability of a screening method.

After
purpq

NOTH
might|also be carried out in parallel, i.e. for some applications, it might be necessary that furthepvalidation b
that the selection depends on the results of the validation tests for a certain application.

Whe

g-screenny methothas beenmsetected—and-vatidated; it hastobedecided-ifthemetho
se and can be applied for a certain project.

Selection, validation and assessing the applicability might be separate processes. Howeyer, th

e there is little or no useful information on the application of a particular sereehing method fg

is fit for the

PSe processes
e required and

r a particular

on-sife investigation, it is necessary to demonstrate that the screening method-is suitable for use|on the site.

6.2 | Screening method requirements

Befole use, a decision needs to be made regarding why and for what purpose the results need to e generated.

The following factors should be considered and taken into account. As far as the requirements are related to

chemical screening methods, many of these factors also apply-to laboratory reference methods.

a) clear and unambiguous definition of the parametet; group of parameters or property being determined
y the screening method needs to be available.

b) clear description of the response measured, and, if necessary, why and when this result can be used to
ive an estimate of a particular parameter eoncentration.

C) he matrices or field situations which ,can be tested using the screening method shall be docymented, and
rocedures on the handling and reporting of extraneous material found during the sampling process shall
Iso be documented.

d) The required limit of detection, if appropriate, and whether the screening method can |achieve this

this may not be an jssue.

fequirement shall be_defined. For contaminated areas where high levels of contaminants are detected,

e) The critical levelof interest for each parameter or group of parameters needs to be knownh before any
nalysis is undertaken, irrespective of whether this is a concentration value or a presencg or absence
equirement.

f) nyequired performance criteria prescribed for the parameter or group of parameters needs|to be known;

is‘will include an estimate of the result uncertainty.

g) The major sources of potential interferences that affect the use of the screening method. Therefore,

selectivity should be addressed during the validation process, see Clause 5.
h) A clear concept should be worked out on how the screening data acquired are integrated into the overall

assessment process.

6.3 Screening method applicability

6.3.1

General

Usually, the performance of a screening method is established under typically ideal conditions. However,
during routine operation, performance may be affected by the test conditions under which the method is
used. This includes for example, the environmental site conditions, such as temperature, humidity, and other

© 1SO 2011 — Al rights reserved 5
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extreme weather conditions. The performance of the method is also affected by the capability and experience
of the person using the screening method. As a consequence, it may be very difficult to achieve “typical”
performance data. Test-kit screening method manufacturers shall, upon request, provide some data on method
performance. However, these data may relate to matrices that are not relevant to the specific application or site
investigation. In these cases, the users of the method shall demonstrate that the screening method is suitable
for the matrix being analysed, that they can use it in a satisfactory manner and produce results of acceptable

quality, if necessary by testing the method using appropriate reference samples.

The range of applications over which a particular screening method may be used shall be known, and shall be

suitable for the expected concentrations likely to be determined for the site under investigation.

The following

6.3.2 Pring

Chemical red

6.3.3

The instructi

6.3.4 Samy

A descriptiorn

criteria have to be considered:

parameters and analytes (e.g. oxidation state of ion);

measurd
matrix;
matrix in
temperd

storage

descript
descript
descript
addition

addition

ment range/graduation; “zero” may not be stated for the lower limit of the operating.range;

terferences, measures to be taken for their prevention or elimination;
ture range, pH range, other physical conditions;

and shelf-life of the reagents.

iple of the measurement

ction or physical concept.

Instriiction for method setup

bns for method setup are as follows:

on of supplied reagents (e.g. compasition, indications of danger);

on of supplied equipment, such as test vessel, metering device or colour scale;
on of how and with which-measuring instrument the evaluation may be performed;
bl reagents required fdr the application (e.g. acid for pH adjustment);

bl equipment required for the application (e.g. thermo-reactor for chemical oxygen demand)

ling and samples

of the_following shall be given:

descript

onof sampling and of sample preparation;

descripti

on of sample quantity and volume.

6.3.5 Performing the measurement

The following measurement steps shall be considered:

health and safety precautions;

handling;

step-by-

step (pictogram);

introduction of the sample into the test equipment;

© 1SO 2011 — All rights reserved
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reaction time (interval);
ascertainment of results;

cleaning and maintenance .

6.3.6 Statement of results

The following statement of results shall be considered:

number of figures after the decimal point;

precision/accuracy;
¢onversion table;

¢onversion factors.

6.3.7| Sample and reagent disposal instructions

The fpollowing disposal instructions should be considered:

Wwaste, waste water, hazardous waste;
g$pent reagents employed;

fleturn of the spent reagents and any associated residial sample to the kit/reagent mari
guitable clean up, disposal and potential recycling.

6.3.8| Characteristic data of the method

Characteristic data of the method are as follows:

gensitivity, specificity, robustness, acclracy, linearity of calibration, working range;

¢ertified reference materials with certificates, other reference products like in-house matg
g$tandards, interlaboratory comparison samples.

6.3.9 Literature references

The ljterature references for the following should be given:

7

71

dlescription of{proCedure;

additionalNinformation, examples of possible applications.

Fitfor-purpose evaluation

General

ufacturer for

rials, control

In general, fit-for-purpose evaluation means providing information about whether a method of choice gives
results that are related to the corresponding reference method. The intensity and type of fit-for-purpose testing
depends on the quality targets defined according to 5.4 and the type of screening technique used.

Three modules of testing may be applicable:

evaluation of accuracy, trueness and precision (see 1SO 5725-2[4]);
avoiding false negative results;

evaluation of individual comparability to reference methods.

© 1SO 2011 — All rights reserved
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These three

modules can be combined depending on the quality target. Reproducibility testing is always

required the first time a special test application is introduced.

Reproducibility testing can easily be combined with the testing of individual comparability.

In case the manufacturer of the screening test provides data or other users’ published data on successful

fit-for-purpos
the effort of t

e tests under comparable conditions are available, these data may be referred to and may reduce
he current test.

7.2 Accuracy evaluation

One (or mof
reference m
access the p|
target. The rq

In the case
provide infor|
range or the

7.3 Exclu

In many casgs of application, the screening method is used to preselect samples. It is then important th

screening m
control by a

In order to te
designed.

Firstly, the a
a typical sef]
reference me

of false neggtive response.

The data are
The number

In the case
provide infor
in.

7.4 Testin

One (or more
reference me

bthod, containing known amounts of analytes) is analysed repeatedly (at least three ,timg
recision and trueness of the screening method. The data set is evaluated according tothe q
bsult of this testing can be used to express the precision of the method.

uality

hould
same

bf screening methods which give only a concentration range or yes/no-results; the test s
mation about whether replicate measurements of the screening method always give the
same yes/no-information.

5ion of false negative results

bt the
bthod does not give false negative results. False positives are not critical as, in these cades, a

eference method provides clarification.

St the probability of false negative results, a test scenario according to the quality targets shgall be

curacy shall be derived from recent measurements of reference samples (see 7.2). Alternatfively,
of samples covering the expected rangé)of application is prepared and measured using the
thod and the screening method. The data are evaluated to derive the accuracy and the probability

evaluated under consideration.of-the precision. The probability of false negatives is calculated.
of comparison samples analysed depends on the required accuracy of the test.

bf screening methods\which only give a concentration range or yes/no-results, the test should
mation on how mariy false negatives the repeated measurements of the screening method rg¢sults

g of individual equivalence

) typical homogenized samples are prepared and analysed both by the screening method ar|d the

thod*(six complete approaches). At least six sample replicates should be analysed.

8 Analytical acceptance criteria

8.1

After a scree

General

ning method has been proven to meet the given acceptance criteria, it may be used for the defined

purpose. Some of these criteria are to be checked before using the test (starting criteria, 8.2); others have to
be continuously checked during the use of the method.
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8.2

The

8.3

Perig

Inth
may

9 (

In ordler to provide confidence in the results generated, the follewing factors should be consider
into 4

a)

b)

d)

f)

© 1SO 2011 — All rights reserved
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Starting criteria
starting criteria are as follows:
selection process according to Clause 6 successfully completed and documented;
evaluation criteria according to Clause 7 successfully evaluated and documented;
quality targets are defined according to an analytical task and documented,;

individual fit-for-purpose scenario designed, successfully passed and documented;

rly docum

lause 9) and clea ented.
Continuous criteria
dically, monitoring of QA-acceptance criteria and an appropriate system-suitability check ar

case of deviations from the QA-criteria, measures have to be taken andddcumented. Use ¢
continue after recovering QA-criteria.

q

uality assurance

ccount. Many of these factors also apply to laboratory reference methods.

All staff applying the screening methods shall be suitably trained. Details of the training shall be

Details of the screening method shall be fully ddeumented and adhered to when carrying ouf
e relevant to the particular application or site investigation being undertaken. This includes
procedures, and subsequent sample preparation and/or pretreatment carried out. These
be available to the person undertaking the analysis using the screening method. The level
ghall be documented to show the (performance of the screening method for providing qual
quantitative or quantitative data,

[he type and number of quality control samples, that shall be analysed to demonstrate thaf
emains under control,_shall be fully documented together with the acceptable range of m
These control samples.may depend upon the specific application of the screening method,

ddition, the typeofquality control samples, i.e. whether they comprise known standard soluti
feference mattix-materials, blank solutions, etc., may depend on specific applications and theg
The use of-quality control charts should be used where possible. Where the analysis is not U
the cause 'should be identified and remedial action taken and recorded. Applying control
feference or control material provides good documentation of instruments’ performance.

e~ fully defined

e carried out.

f the method

ed and taken

documented.

the test, and
any sampling
details shall
of validation
tative, semi-

the analysis
easurement.
e.g. whether

presence or absence test is being undertaken, or whether a concentration is being dgtermined. In

ons, certified
ir availability.
nder control,
charts for a

The‘use and documentation of (certified) reference material measurements is important to

demonstrate

traceability. If no such material is available, appropriate samples can be prepared in a laboratory and
used as control materials in the field. Only when the instrument characteristics are verified in the field, can
the results of sample measurements be accepted. Measurements of quality control samples should be
documented to ensure traceable results.

The organization performing the screening methods should participate in appropriate and relevant
proficiency-testing schemes. However, it is recognized that some screening methods are not suitable for
certain proficiency-testing schemes that operate mainly for laboratory reference methods.

A written procedure for the user of the method shall be available, regarding recalibration procedures,
verification of analytical signals and results of reference materials. Only after the instrument meets the
documented system-suitability checks, can the field measurements be processed. The stability (drift) of
the instrument shall be checked using appropriate materials.
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g) Health and safety considerations shall be assessed with respect to the use of the screening method,
especially when undertaken on-site. In addition, the disposal of resulting waste material shall be carried
out in accordance with documented procedures.

10 Documentation

The application of this International Standard enables a qualified decision to be made regarding the most
appropriate method of analysis for the task at hand. At the same time, however, the decision-making process
shall be transparent and verifiable. For this reason, thorough documentation is especially important, starting
at the beginning of the test and lasting until assessment of the analytical results. Systematic documentation

provides objesctive-preetefthe-guality-ofanalysis

The minimum requirements for documentation include the following:
— presentation of decision criteria in accordance with Clause 6;
— documeptation of quality assurance measures;
— documenhtation of the qualifications of decision makers and personnel performing. the analysis;
— sampling record;
— written report of the analysis, including
— indigation of measured values with clear identification of samples,
— indigation of the product used,
— devlations from the operating procedure, if applicable}
— assessment of results, and

— pretfreatment.

10 © 1SO 2011 — Al rights reserved
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