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Foreword

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

1

Scope

This document gives guidelines for the principles and main methods for the determination of
backprournd vatues forforgarmicand orgaric SubStarces 1T Soils at a focat/Tegional scate. 1
is ex¢luded.

It gives guidelines for sampling and data processing strategies. It identifies methodsfor s
analysis.

This| document does not apply to the determination of background values for groun
sediments.

2
The

Normative references

following documents are referred to in the text in such)a“way that some or all of t

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced deciiment (including any amendme

ISO

11074, Soil quality — Vocabulary

Terms and definitions

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

ISO gnd IEC maintain terminological databases for use in standardization at the following ¢

3.1

ISO Online browsing platferm: available at https://www.iso.org/obp

IEC Electropedia: availabte at http://www.electropedia.org/

bacKground concentration
concentration of an-€lement or a substance characteristic of a soil type in an area or region
both|natural seixrces and anthropogenic diffuse sources such as atmospheric deposition

he site scale

hmpling and

dwater and

heir content
applies. For
hts) applies.

bwing apply.

ddresses:

hrising from

[SOURCE:<ISO 11074:2015, 3.5.1, modified — In the definition, “an element or” has been introduced
before~"a. substance” and “anthropogenic” has replaced “non-natural”. Note 1 to entiy has been
remaved ]

3.2

background value
statistical characteristics (3.8) of the total (natural pedo-geochemical and anthropogenic) content of a
substances in soil

Note 1 to entry: Commonly expressed in terms of average, typical, median, mode, a range of values or a
background value.

[SOURCE: IS0 11074:2015, 3.5.2, modified — Note 1 to entry has been added from ISO 11075:2014, 3.5.1.]
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3.3
diffuse source input
input of a substance emitted from moving sources, from sources with a large area or from many sources

Note 1 to entry: In practice, two situations are commonly recognized: rural areas with diffuse source inputs
typically from land spreading and aerial deposition; and urban areas where the diffuse source inputs come
typically from traffic and industrial activities.

Note 2 to entry: Diffuse source input usually leads to sites that are relatively uniformly contaminated. At
some sites, the input conditions can nevertheless cause a higher local input, such as near the source or where
atmospheric deposition/rain is increased. Two types of main diffuse source input can be considered: one in rural
areas (e.g. atmospheric deposits, spreading); and one in urban areas (e.g. traffic, industries).

[SOURCE: IS0 11074:2015, 3.3.9, modified — Note 1 to entry has been replaced with new text T'h¢ last
sentence in Note 2 to entry has been added.]

34
pedo-geochemical concentration
concentratign of a substance in a soil resulting from natural geological and pedelogical procgsses,
excluding any addition of anthropogenic origin

Note 1 to entyy: It is difficult to determine the precise pedo-geochemical concentration of certain substanges in
soil due to the presence of anthropogenic diffuse contamination.

3.5
pedo-geochemical background value
statistical characteristic (3.8) of the pedo-geochemical concentration (3.4)

Note 1 to ertry: Any estimate of pedo-geochemical background value is prone to certain errors giveh the
uncertainty 4ssociated with determining the pedo-geochemicaliconcentration.

[SOURCE: IS0 11074:2015, 3.5.9, modified — In the definition, “concentration” has replaced “content”.]

3.6
anthropogénic concentration
concentratign of a substance in a soil resulting from anthropogenic origin

3.7
anthropogeénic background value
statistical cHaracteristic (3.8) of theyanthropogenic background concentration (3.1) of a substance in|soils

3.8
statistical ¢haracteristic
numerical vhlue calculatéd from a variate (3.10) of a selected parameter of the population

EXAMPLE Mean;—median, standard deviation, standard error, percentiles of the ordered freqfiency
distribution.

[SOURCE [190-11074:2015 3 511 modified — “selected” has r‘np]nr‘nd “chosen” and “standard error”
has been added in the example.]

3.9

study area

three-dimensional definition of the area where samples are to be obtained from and, thus, for which the
background values (3.2) are to be determined

[SOURCE: ISO 11074:2015, 5.2.29]

3.10
variate
set of observed values of a variable

EXAMPLE Series of numbers of the concentration of a substance in soil; numerous, individual soil samples.
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4 General

Soils retain the evidence of their past history, including impacts due to natural events or human
activities. Chemical impacts related to human activities can be detected in soils all over the world, even
in regions far from any source of contamination. For this reason, the determination of background
values of inorganic and organic substances in soils consists of a pedo-geochemical fraction and an
anthropogenic fraction. The ratio of these fractions varies widely depending on the type of substances,
the type of soil and land use, and the kind and extent of external impacts.

For many inorganic substances, the background concentration is dominated by the pedo-geochemical
concentration and, consequently, by the mlneraloglcal comp051t10n of the 50115 parent material.

g r T rishimer 3equently, to
a hotfizon- spec1f1c dlfferentlatlon of the substances within a soil profile. Per51stent organl( substances

in sdils originate more often from non-natural sources. Therefore, the background\conc
soilsfis governed by the kind and extent of diffuse contamination from non-soil soutc€s.

In practice, it is often difficult to distinguish clearly between the pedo-geochemic
anthfopogenic fraction of the background concentration of soils. Nonetheless, a detailed k
the Hackground concentration and its natural fraction for the substances\of concern is esse
evalyation of the current status of soils for environmental or land usé-related aspects, a
scierftific purposes within the scope of pedology or geochemistry.-Te this end, so-called

entration of

al and the
nowledge of
ntial for any
5 well as for
background

valugs in terms of the statistical characteristics of both the pedo-geochemical and the anthropogenic
fractjon should be determined.

d values of
information

A valriety of different objectives can be identified for,the' determination of backgrour
inorganic and/or organic substances in soils. The objectives themselves provide insufficient

to ddfine the technical programme that will produce:the desired background values. Thus,ja number of
technpical approaches should be defined, which together form the basis of the technical programme.

This|guidance identifies:

essential requirements of sampling strategies and procedures;
minimum requirements regardingjthe necessary steps and ways of sample pretreatme|

inalytical methods;

alues.

N

tatistical evaluation precedures for determining sound and comparable background ¢

hnce is given on:

a) e¢valuating existihg data from different data sources;
b) 4etting up~ihvestigation programmes to compile background values for a clearly defined three-
dimensienal picture of the soil.
51tuat10ns represent the two extreme startlng p051t10ns for the process of compiling|background

Thes
d re collected

because the quantlty or quallty of the existing data are 1nsuff1c1ent

5 Procedures

5.1 General

The procedures to determine background values encompass aspects of sampling (e.g. strategy,
procedure), soil analysis (e.g. pretreatment, extraction, measurement), data processing and
presentation. In general, two starting positions can be distinguished, namely:

a)

the evaluation of existing data, mostly from different data sources;

© ISO 2018 - All rights reserved
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b) the collection of new data based on an appropriate investigation strategy.
5.2 Objectives and technical approaches

5.2.1 General

Before commencing any survey on background values in soils, it is of crucial importance to define the
objective of the survey and the related technical approach.

The objective is, in general terms, the deflnltlon of * Why background values that are determined.
The technical ] e ogether,
the technidal approaches determlne the technlcal programme that will prov1de the regui
background values.

It should be noted that a technical approach that is fit for one objective will often be, tnfit for ¢pther
objectives.

The objectives for defining background values could be:

— to identify the current concentrations of substances in soils, e.g. in thé-context of soil-re|ated
regulations;

— to asseds the degree of contamination by human activities;

— to derivie reference values for soil protection;

— to defing soil values for reuse of soil material and waste;

— to calcullate critical levels and tolerable additional critical loads;

— to identify areas/sites with atypically enhanced"levels of chemical substance contents diie to
geogenif reasons or human impact, etc.

In order to heet the objective, the technical approaches could include:

— definitipn of the substances and pardmeters, e.g. the background values to be estimated may be the
total metal concentration or the bioavailable metal concentration (see 5.2.2);

— definitipn of the study area,e:g: the (three-dimensional) definition of the area where samples are
obtained from, including aCdetailed description of what is to be considered as the study area), and
what is ot (see 5.2.3);

— definitipn of the timé-period of interest, e.g. whether the historical or current concentratipn is
relevant for the gbjective (see 5.2.4);

— definitipn of the size and geometry of the area to be sampled at a sampling location (see 5.2.5)}

— definiti
5.2.2 Substances and parameters

5.2.2.1 Basic parameters

Background values can be determined for all kinds of inorganic and organic substances in soils, as well
as soil characteristics. In practice, the more persistent and immobile substances are of primary interest
because of their potential to adsorb and accumulate in the soil. Substances in which the concentration
can be influenced by remobilization and intrinsic biodegradation are of less significance.

As well as the substances of concern, basic soil parameters and site characteristics (see 5.4.1.3) should
be provided to assist in the interpretation of the concentrations of substances. A number of so-called
basic soil parameters influence soil processes that affect the concentrations of inorganic and organic

4 © ISO 2018 - All rights reserved
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substances. Table B.1 lists these parameters, which should be analysed in accordance with the given
International Standards.

5.2.2.2 Persistent compounds

5.2.2.2.1 Inorganic substances

Within the group of inorganic substances, trace elements (e.g. metals, micronutrients) are most often
analysed (see Table B.2). While constituting an urban geochemical background, it is recommended to
analyse the whole package listed in Table B.2; most of these elements are found with high values due to

hum

Conc
prep
be n4
more
ques
accol

5.2.2

Surv
cont{
Anal
list s

It is

by the laboratory because of their behaviour. (e;g. volatilization, high degradation). Th¢

subs

Varig
extrd
orga
deca
mislé

Whe

prog
carry

nactivities butsome minerals can appear with high value n:\hn‘a]]y

erning the analytical methods, a distinction should be drawn between differéent
hration methods (see Table B.2), as very few methods determine the total concéntratid
eded, e.g. when calculating element stocks. Besides total concentrations, the-{eco-) to

relevant mobile fractions (see Table B.2) are of increasing interest,(e,g. if path
fions are to be examined. An analysis of the parameters in Table B.2 Should be ca
‘dance with International Standards given in Table B.2.

.2.2 Organic substances

bys on organic substances usually refer to persistenf compounds. The persist

ysis should be carried out in accordance with the International Standards listed in T4
hould be adapted according to the objectives of the determination of background value

hot recommended to sample and analyse non-persistent substances as they will not

Fances are normally analysed for detecting\Sources of contamination.

us methods are used for the analysisjof organic substances. The aim of these methods
ct the greatest possible quantity eflerganic substances from soils. It is important to re
hic compounds can be extracted.from naturally occurring organic materials (e.g. org
ying vegetation, peat, charcoal); and that non-specific analyses, in particular, can, thg
ading results.

h collecting new datafordetermining background values, it is recommended that the i
ramme be designed-with regard to additional questions that could arise in future. In
ing out new sampling campaigns is much more expensive than analysing additiona

extraction/
n that could
kicologically
way-related

rried out in

ent organic

nminants listed in Table B.3 are some of the more commaornly encountered, but the list is not complete.

ble B.3. The
S.

be detected
bse kinds of

is usually to
cognize that
anic matter,
erefore, give

hvestigation
most cases,
substances

in thee first place..To)this end, suitable storage of soil samples for subsequent analyses of organic or
fanic substances is of crucial importance. Besides the substances of concern (see Tal
and additional soil parameters (see Table B.1), it is essential to provide a compre
fiptions(see 5.4.1.3) for interpretation purposes. The documentation of all the action
stitmportance if the data measured are to be of use for other assessments in future iny

inorg
B.3)
desc
utmg

NOTE

bles B.2 and
hensive site
5 taken is of
restigations.

5.2.2.3 Non-persistent compounds

In some cases, generating background values on non-persistent substances could be of interest. Special
care should be taken when volatile, degradable organic substances or transformable, inorganic species
are the subject of the study. A detailed description and documentation of sampling and analysis is of
particular importance in such cases. Storage or archiving of samples is not recommended because of
the behaviour of such organic and inorganic species.
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5.2.3 Study area

The definition of the study area (see 5.2.3) can be based on two different principles:

— apurely spatial definition (X, Y, Z), defining the contours of the study area by the coordinates within
which the study area lies; apart from the definition in a horizontal plane, the soil horizon of interest
that is to be studied should also be defined;

a typological definition of the study area, based on one or more characteristics, e.g. soil type (such

as the A-horizon of a specific soil type), land use (also considering the potential effects on the
background values), elevation level.

[t is possiblg
EXAMPLE

— the grass
— the A-horj

The definiti
of what is a
actual point]

As the genel
can be defin|
be specific 7

Samples to I
localized so

The definiti

taken, or whether already existing soil samples (0r:results) are to be used. In the latter situatior

detailed def

5.2.4 Tim

Background
cycles) as wi

— the per

— the per
(except

The second

It could be

‘i]Zd in which thebackground value will most probably only change due to human influg

, of course, to combine the spatial and typological definition of the study area.
A combination of spatial and typological definitions of the study area could be:

and in a county or province;

izon in an area defined by X- and Y-coordinates.

n of the study area should be detailed atalevel where there cannotbeany misinterpret
nd what is not part of the study area. For an unambiguous definition of the study arg
and diffuse sources within the study area should be defined,

'al objective is to determine background values, a safetyzone around that (type of) sq
ed, which thereby excludes parts of the more generally:defined study area. There could
ones in which the data are considered separately fréomthe rest of the study area.

e used for the determination of background valdes should not be taken from near potsg
irces of contamination (e.g. roads, industrial sites).

bn of the study area as described is independent of whether the soil samples are still

nition of the study area will define pvtrich samples/results are to be included or exclud

e period

1l as by anthropogenic diffuse source input. Two different time scales can be distingui

d in which the background value can vary significantly due to natural processes;

for large scale natural phenomena).

periodis‘generally smaller than the first one.

htion
a, all

urce
also

ntial

to be
, the
ed.

values are influenced bath by the natural processes (e.g. pedogenesis, biogeochefnical

thed:

nces

Lhiat a specific historic period is of interest when measuring background values. W

soil layer is

certain time period.

When background values are to be re-determined after a period of time in order to determine if changes
occur, the time period between measurements should be based on the following (see also ISO 16133):

— the expected enrichment of substances in soils (accumulation, e.g. due to diffuse source input);

— the expected loss of substances in soils (e.g. due to leaching, biodegradation, plant uptake);

changes in concentration level that can be determined both analytically and statistically.
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5.2.5 Scale of sampling

Variability in concentrations is, by definition, a scale-related characteristic. Depending on the volume
for which an analytical result is to be considered representative, the variability in concentrations
encountered could be different. The scale is, therefore, an important technical aspect on which a
decision is to be made prior to data collection.

The study will always involve a certain soil layer for depth. However, as in the horizontal plane, the
dimensions are much larger than in the vertical plane, the scale in soil surveys is most often defined in

a two-dimensional way.

The

rnriahi]ify of the natural ppr’]n-gpnr‘hpmirq] concentration and of the harl{grnnnr] fala

ncentration

ofter
samy
varisg
samy
prep
pedo
supp
large
hand

5.3

5.3.1

Whe
data
unce
rega
mor€
is es
strat]

a)

q

increases with the size of the study area (population), but decreases with the

bility of the background concentration. However, increasing the sampling support ofte
ling more laborious and is only recommended under conditions where the sapipling a
hration errors can be minimized. It is recommended to use the same scale-0f sampling i
-geochemical value is used to evaluate soil contamination. If the background values
ort delineation of contaminated land, it is recommended to use the $ame scale of sg
scale sampling support, composite sampling (see 5.4.1.6) is oftenpreferred in order
ling of excessively large amounts of soil.

Evaluation of existing data

General

h using existing data, specific care should be taken concerning the quality and comj
particularly if the data originate from different sources, by consideration of the m
rtainty. Data with appropriate information“should be harmonized in a step-wise pro
d to the specific evaluation objectives)In general, the harmonization of data sets
or less significant reduction of thebias between the data sets[36]. Harmonization of|
bential if sound and reliable evaluatien of the combined data is to be achieved. The ha
egy should include:

3 check on the completeness of the data sets (including estimates of the uncertai
Ineasurement);

b) 4

c)

NOT

rocedures;

size of the

le support (scale of sampling). Increasing the sampling support is a method that can reduce the

n makes the
nd sampling
f the natural
are used to
mpling. For
to avoid the

barability of
easurement
cedure with
results in a
sample sets
rmonization

nty of each

p harmonization of different sampling strategies, references, nomenclatures and analytical

n identification and elimination of contaminated samples (excluded from the p¢pulation of

ackground®alues by definition).

Natural anomalies of the pedo-geochemical background can generate high values th4

as coptaminated samples. It is important to anticipate these cases with an accurate desk study in
elimipate these samples.

t can appear
order to not

5.3.2 Completeness of data sets/minimum requirements

In order to ensure a minimum level of data quality, sufficient and sound information about the data
should be provided, for example:

© ISO

the date of sampling;

the procedure used to select sampling locations (plots);
the scale of sampling (area or local);

the site location (coordinates);

the sampling depth intervals;
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location (plot);

the method of sample preparation (e.g. dying, crushing, sieving);

of analytical uncertainty and detection limits in accordance with ISO 18400-106);

the site-

specific information (e.g. pedology/lithology, land use);

the urban areas specificities (e.g. excavated materials).

the number and configuration of samples (e.g. regular grid, random sampling) taken at a sampling

the method used to extract and analyse the components (including quality assurance data, estimate

This inform
background|

The minimuy|
concern, the
spatial repr

Apartfrom
depends on
substances
soil proper
substances

ation can be used to screen the data on their suitability for the objective of comyj
values.

m information required about a data set depends, among other things, on the-substanc
area, spatial reference to be considered and the approach pursued to achiéve‘an adeq
esentation of the sampling location.

he information listed above, the type and degree of accuracy (e.g. of site-specificinforma

n the soil. For example, inorganic substances should be related at.first priority to litho
fies due to their predominant geogenic origin, whereas<the concentration of or
bf soils is more strongly correlated to, for example, land-use-related parameters.

5.3.3 Co

arability of data (sampling, nomenclatures, analyses)

p
Different S:I'npling strategies can have a crucial impact on‘the comparability of data sets. Proj

arise, in paf
composite Vv
population

spatial disty

ticular, through the comparison of horizon vetsus depth level-related samples and th

vith regard to the same scale for an area’should be taken into account. Also, an un
ibution of the sampling points within anarea can cause biased estimates of the param

iling

es of
juate

tion)

the soil and other parameters influencing the behaviour and, hencg, the concentrations of

benic
banic

lems
at of

ersus individual samples. In addition, the t€presentative nature of the variate for a sample

even
eters

of the frequency distribution due to an overestimation of some parts of the study area. Following an

initial revie
Geographic§
sets (see IS
possible ina
an increasin

The extent
measureme
against the
originating
or constant
may be gro

w of the raw data on a map, an(appropriate spatial interpolation method should be
1] information system (GIS) software is particularly useful for this task, especially for
D 18400-104:—, 6.1 and Annex H). It is strongly recommended to carefully balanc
ccuracies introduced by-merging data sets from different campaigns with the advantg
g number of samples-and, consequently, an increasing representation of a population.

to which different’sample pretreatments and analytical procedures (e.g. extrad
hts) can be compdred and harmonized should be evaluated in each individual case]
intended accurdcy of the background value). For all the substances, the analytical re
'rom different analytical procedures may be transformed by applying regression func
5 provided the respective relations are known. Alternatively, the analytical proced
iped \roughly according to the operationally defined extracted fractions (see Table

If the rangq

comparability
by different analytic

1sed.
data
b the
ge of

tion,

(e.g.
sults
tions
lures
B.2).
data

scofclassified background values as target variables are broader, the demands of

o N o o ld - =
'AY O O vivyivmviere C cl e =—Crerca

al procedures invariably

requires compromises to be made. By definition

ysed
, the

background values are relatively low, except in natural high pedo-geochemical background zones. It
can be important to take into account detection and quantification limits of each device of analysis
when judging the comparability of data.

5.3.4 Examination of outliers

The background concentration of substances in soils includes the moderate diffuse input into the
soil. Therefore, locally contaminated sites and natural anomalies are excluded from the population of
background concentrations. Consequently, data obviously stemming from locally contaminated sites
should be identified and eliminated from the respective data set. The detection of data outliers and
unusual data behaviour is one of the main tasks in the statistical analysis of geochemical data. To
this end, several statistical tests for identifying outliers are applicable, e.g. tests on the distribution
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of the data, exploratory data analysis (boxplots) and principle component analysis (see also 5.5.1.2.1
and Annex A). In practice, the use of the boxplot for preliminary class selection to display spatial data
structure in a map has proven to be a powerful tool for identifying the key geochemical processes
behind a data distribution. Different outlier tests are available (e.g. Dixon test, Grubbs test) and should
be chosen according to the relevant assumptions for the study[3Zl. In the case of multidimensional data
(samples from different soil horizons), principal component analysis can be important if dimensional
reduction is possible on transformed data.

The removal of outliers has a significant effect on the resulting definition of the background value. The
statistical identification of an outlier by itself is insufficient for removing a high (or low) measurement
out of the database describing the background value. The statistical test does, however, provide a good
metHod of defining which data should be Investigated In more detall, In order to see 1If anjexplanation
can be found for the high value to be an outlier. If such an explanation is found, the value’fs indeed an

outlipr and should be eliminated. On the contrary, if the explanation shows that it is-a\natu
the qutlier is not eliminated, but the scale of the study should be reconsidered. &or“exan
was p few high values that are likely to be due to natural processes, the optionsare either
the spatial scale of the study to confirm this hypothesis or to consider the useefzoning/dd
clasgifications (e.g. due to lithology/geology) to better differentiate between different

populations.

5.4 | Collection of new data

5.4.1 Sampling

5.4.1.1 Sampling strategy

5.4.1.1.1 General considerations

The hatural pedo-geochemical concentratiofy and the usual concentration of substances
according to soil parent material. They also.depend on soil horizons, as pedogenic processes
redigtribute components in soils, leading’generally to the formation of several soil horizon

ral anomaly,
ple, if there
to increase
pth interval
background

in soil vary
modify and
s that could

exhibpit different compositions. These/parameters can also influence the variation of copcentrations

and ghould be considered: soil organic matter, soil sorption coefficient, carbonate content, j
moisfture content, cation exchange capacity, pH.

Land use and distance to gontamination sources also influence the concentration of substa
Humfpn activity modifies-soil composition through agriculture, waste spreading, building,

depasition from industry, households, traffic, etc. A sampling site is considered here as a s
of land, from a few'square metres to about one hectare, where one sample of each of the g
horizons of interestiis collected.

Two |strategies’ for selecting the sampling sites within the study area are presented: the
apprpach (5:4.1.1.2) and the judgemental approach (5.4.1.1.3). The choice of one of them
need by the degree of pre- ex1st1ng knowledge about the soil and land use. When rel

influ

barticle size,

hces in soils.
htmospheric
nall portion
oil layers or

systematic
is generally
atively little

roaches can

be conSIdered as typlcal ones in the continuum of all pOSSIble strategles Therefore, it is possible to
build an intermediate strategy, mixing some aspects of the systematic approach with others from
the judgemental one. This hybrid approach is recommended when investigating in urban areas: the
systematic approach allows optimization of the coverage of the area, while the judgemental approach
allows flexibility in the location of sampling points within each cell so as to be able to focus on available
soil surface and excluding (potentially) contaminated soil.

5.4.1.1.2 Systematic approach

The sampling locations are located using a grid. The interval between the grid points is dependent on
the resolution desired for the determination of the pedo-geochemical and/or background concentration.
In principle, the interval between the sampling locations should be such that the minimum number of

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=879156548aa5a77f50cc5c00d8b53bef

ISO 19258:2018(E)

samples can be collected to represent each of the defined soil units. A square grid can be used, with
cells varying in size. Available monitoring recommendations should be considered.

For example, square cells with a 16 km, 5 km or 2,5 km side can be used at the scale of a country, while
square cells of a few hundred metres are more appropriate for the study at the level of a small area.

If sampling at a given grid point is rendered impossible due to buildings, roads, water surface or any
other reason, a new location may be chosen using a systematic procedure. For example, a deviation
may be permitted from the initial point by steps of a definite distance north, then east, then south and
finally west.

d by
f the

erhead power-lines should be avoided if the zinc concentration of soils is of interest).

Samples arg
horizons. If
indicate the
metals), th¢
sources can
geochemica

collected from soil layers of definite depths or from a defined pedologi€al horiz
the surface layers are contaminated by diffuse sources, the concentrations detern|
background concentration in these soils. For relatively immobile substances (e.g. h
deep layers are generally uncontaminated (provided local comtamination by
be excluded), and the respective substance concentration can beCegnsidered as the
concentration.

n or
lined
eavy
boint
edo-

For urban areas, account should be taken of the possible excavation-ef.soils for urban developrent.
Thus, samples should be taken from both superficial and deep sdils“that can be excavated dyring
construction or similar activities (typically up to 3,5 m deep).

nsive site and soil description (see Table B.2) should be prepared at the same time ajs the

taken.

A comprehe

samples are
NOTE

Mpst of the time, the regular approach is used forthe upper layer of the soil.

5.4.1.1.3 Judgemental approach

In the judge

substances)
adjacent poij

The judgem
(such as on
evaluated in}
investigatio

For inorgan
Within each
if this is c
stratificatio

Int sources are rejected.

emental approach, the soil is stratified according to soil parent material (for inor
soil type and land use. Potential sampling locations possibly highly contaminatg

ental approach needs detailed information about the area to be investigated. Inform
beology, pedology, land use and sources of possible contamination) should be gathereg
order to elaboratéthe sampling scheme. ISO 18400-203 gives guidance on such prelimf
hs.

c substances;the first step of the stratification of the area refers to the soil parent mate
type of parent material stratum, the soil is stratified again on the basis of pedoge

between culti

banic

d by

htion
| and

nary

rials.

the best stratlflcatlon is based on pedology (e.g. of the soil series), as this taxonomy 1evel generally
explains most of the variation of the soil properties. Finally, the horizon to be sampled should be chosen.
Where there are no obvious horizons, the depth of sampling should be defined.

Within one stratum, the sampling locations should generally be chosen in such a way that the area is
covered representatively. The choice of the sampling sites can be carried out within each stratum using
arandom or systematic sampling scheme.

NOTE Apart from the degree of pre-existing knowledge, the type of question largely determines the choice
between a random and a systematic sampling scheme. To estimate parameters of a frequency distribution of
the background concentrations, a random sampling approach is most appropriate. For mapping background
concentrations, in general, a (centred) regular grid is more appropriate.
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5.4.1.2 Number of samples

Background values cannot be summarized in a central parameter such as the mean. The spatial
variability of concentrations in soil should be described as precisely as possible. The extent of the
skewness can be calculated and assessed to see whether an outlier is an issue or not. In the case of a
normal probability distribution, the number of samples necessary for the estimation of the standard
deviation is independent of the standard deviation of the population. It can be determined using Table 1,
which shows that a minimum number of 30 samples is necessary to estimate the standard deviation of
a normal population with acceptable reliability.

Table 1 — Maximum relative error (e;) on the estimation of the standard deviation of a normal

population

n er
%
10 57
20 35
30 27
40 23
50 21

Confidence limit a = 0,05

n =number of samples

However, probability distributions of substances in seils are rarely normal. They are oftgn positively
skewed but not necessarily log-normal. The estimation of the required number of samples to assess
varigbility of such a distribution can then be. equal to the number of samples necessarly to draw a
repr¢sentative histogram or to calculate representative percentile. To this end, a minimurp number of
30 sgmples is recommended.

To obtain a sufficient number to estimate’background values, more than 30 samples should be taken in
caseof the elimination of outliers or unexpected problems.

5.4.1.3 Soil description

The Interpretation of background concentrations of soils requires general information about the study
area| The most relevant-parameters for the soil description of the study area are listed in [Table 2. It is
impgrtant to bear in“mind that the reliability of data interpretation strongly depends on a profound
knowledge of the-study area. Hence, the collection of parameters, indicated in Table 2, dhould be as
comprehensiveaspossible.

Table 2 — Parameters for site and soil description

Parameter International
Standard

Landform and Topography, landform, land element, position coordinates, slope ISO 25177
topography microtopography
Land use and vegetation |Land use, human influence, vegetation I1SO 25177
Geology and lithology Kind of parent material, effective soil depth IS0 25177
Surface characteristics Rock outcrops, surface coarse fragments, erosion phenomena, ISO 25177

surface sealing, surface cracks, other characteristics
Soil-water relationship |Surface water balance, rainfall, evapotranspiration, groundwater ISO 25177

recharge, presence and depth of water table, site drainage, moisture

conditions

a  See Reference [38].
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Table 2 (continued)

Parameter

International
Standard

Soil type/soi
description

1 profile Soil unit in regards of the classification system used ISO 25177

Sequence and depth of diagnostic horizons, kind of boundaries

Soil colour (matrix, mottling)

Organic matter

Texture, coarse elements, presence of non-soil material pedo-features

Carbonates, field-pH, electrical conductivity

Structure, voids, fracturing, inhomogeneties

Compactness and consistence

Total estimated porosity

Roots, worm channels, biological activitya

a  See Refer|

ence [38].

5.4.14 S4

Background
and source

to definite h|
of the horiz
as it does nd

As anthropg
upper layer
introduced
deep layers
that are not]
soil gives an

Note that, in
groundwatsg

5.4.1.5 S4

Practical as
choosing th
season, due
values shou

difficult by drought; which makes soil hard to penetrate with sampling tools. Access to cultivated

can be diffi

mpling depth

concentrations and values vary with soil depth due to pedogenesis, soil/land use, soil
f contamination. Sampling can be carried out on a fixed dépth basis (i.e. layer) or accot
orizon types. Sampling according to the depth is easier;asit does not need the identific
bn type. However, it will give a less precise measurement of the background concentr4
t enable control of the variability due to horizon differentiation and use.

genic contamination mainly enters soil at the\surface, the concentration measured i
5 or horizons is regarded as a background’concentration for those substances tha
n soil as a consequence of human activity. The determination of these substances i
br horizons gives an estimation of theirpedo-geochemical concentration. For the subst
introduced in soils by human activity, the analysis of any of the layers or horizons o
estimation of the pedo-geochentical concentration of this layer or horizon.

some cases, contamination.can also enter the soil from underground (e.g. by contamir

r).
mpling period

bects, mainly ceticerning the access to the soil horizon or layer, should be considered b
e sampling period. For example, it can be difficult to sample deep horizons during §
to the presence of a water table close to the surface. Samples to determine backgr
ld not be\taken from a saturated zone. Sampling during the dry season can be rend

fult because of growing crops. In this case, it is advisable to sample shortly after ha

type
rding
htion
tion,

h the

t are

h the
nces
[ this

1ated

bfore

wet
pund
ered
plots
rvest

and/or imm

diqfn]y after cnuring

When soil parameters are not expected to vary within one year (e.g. metal concentrations), which is
the common case for most soil substances, sampling can be carried out at any period of the year. If soil
parameters of interest are expected to vary within one year (e.g. soil organic matter), sampling should
be carried out at a specified period of time, but can be spread over a number of years.

5.4.1.6 Sampling technique

Sampling should be performed in accordance with ISO 18400-104 and ISO 18400-105. The following
recommendations may generally be taken into account. The sampling techniques depend on the depth
or horizon that is sampled. If only the surface horizon or layer is sampled, a hand corer or equivalent
tool can be used.
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If deep horizons or layers are sampled, a powered corer should be used. All sampling tools should
be designed and/or used in order to avoid cross contamination between layers or horizons. All of
the materials used for sampling, transport, labelling and storage of the samples should not release
significant amounts of the elements or substances that are to be determined (see ISO 18400-102,
ISO 18400-105 and ISO 18512).

Sampling in a soil trial pit is generally recommended because it provides a clear distinction of the soil
horizons and other soil characteristics. It allows the soil description to be carried out at the same time
of sampling for analysis. Sampling should then be performed from the bottom to the top in order to
avoid cross contamination by soil material falling from the upper horizons on the lower ones (for a

detailed description of sampling procedures in trial pits, see ISO 18400-102).

Com
(thes
rand
beca

fill materials. When sampling in a soil trial pit, it is recommended to clear aysufficient su

samy

The 1
the 9
does

5.4.2

5.4.2

Two
the s
(see

posite samples can be formed by combining several increments from each of the layers
e could be in the form of spot sample, incremental samples or cores, etc.) takéen ac
pm or predefined (e.g. regular) pattern[32]. Composite samples are recommended for
1se of the very high variability of element concentrations at a local scale, particularly

led horizon in order to take several cores to be mixed together.

number of increments in a composite sample should be large enoughto ensure represg
ample volume. A set of 30 increments normally ensures this, btit the number can be
not introduce an unacceptable sampling error (see ISO 18400-104).

Soil analysis

.1 General considerations

sets of parameters can be measured on the samples. The first set comprises the concg
ubstances of interest, i.e. concentrations of\trace elements, major elements or organic
Tables B.2 and B.3). The second set of‘basic soil parameters, as listed in Table B.

or horizons
rording to a
urban areas
n soils from
rface of the

ntability for
reduced if it

ntrations of
compounds
|, should be

availpble in order to interpret the results.for'substances of interest, including their variabillity in soils.

5.4.2.2 Pretreatment

Sample pretreatment should be~¢atrried out in accordance with the International Standard
this step of analysis, as well as"with the requirements of the analytical methods. Special

lealing with
care should

be tdken when volatile, degradable organic substances or transformable inorganic substahces are the
subjeéct of the study.

NOTH ISO 11464 provides guidance on laboratory pretreatment methods. Pretreatment |methods for
applitation in the fi€ld are described in ISO 18400-201.

5.4.2.3 Analysis

Analysis) should be performed in accordance with the relevant standards for analytical| methods, if

available (See Tables B To B3

If possible, analytical techniques should have detection limits significantly below the lowest natural
pedo-geochemical concentration of the soil under consideration.

If it is not possible to reach acceptable detection/quantification limit(s), then the statistical tests should
take into account the presence of values under the detection/quantification limit(s)[40].

The analysis should be performed under a quality control procedure (see Clause 6).

5.4.2.4 Storage of the samples
It can be useful to store aliquots of the soil samples in order to analyse them for the determination of

other parameters, which could become of interest several years after the sampling campaign. When
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looking for temporal trends, in the case of repetitive investigations, stored retained soil samples from
former campaigns are important in order to judge any drift in analytical methodologies or to allow for
new techniques. The samples should be stored in sealed containers that do not release any substance
of interest. The containers should be placed in a room with low humidity and sheltered from dust,
light and large temperature variations. Such storage does not prevent soil material from changing by
chemical evolution. However, it should not significantly modify the total concentration of non-volatile
elements and persistent organic compounds.

NOTE Guidance on the storage of samples is provided in ISO 18512. Guidance on the packaging and
preservation of samples on site and their transport to the laboratory is provided in ISO 18400-105.

5.5 Data processing and presentation

5.5.1 Statlistical evaluation of data

5.5.1.1 Géneral considerations

The
of n

bochemical or background concentration can be regarded as a statistical population
the data processing is to represent and characterize this population, using a variatg
hlues. Therefore, the data processing is done in order to:

The pedo-gg
objective of
individual v

e data corresponding to pedo-geochemical or backgroundyconcentration from the whole

(e.g. test for outliers)[40];

select tl
data set

brize the distribution in such a way that a frequencéy-or probability can be associatgd, at

proximately, to any of the selected values.

charact
least ap

A systemati
needs precij

homogeneots strata using the results from sampling-To determine areas for representative backgr

values, the
additional p
also approp

c approach, if conducted in a heterogeneoustarea with little knowledge about the
e data processing in order to select the different population samples and to define diffi

raw data should be reviewed on aymap to check for patterns or previously unk
opulations with different background values. This is useful check in the 2D plane a
Fiate for 3D. On the other hand, results from a typological approach based on soil categ|

excluding hi

initially defined strata are considered-homogeneous and are not contaminated by close point sour

The following subclauses propose.€examples for selecting sufficiently representative data an
characterizing pedo-geochemicaland background concentrations. The examples are indicativg

are applical
techniques

If the conce
how to take
analytical q
dealing with

hly contaminated sites need\less processing than those from a systematic approach, a

le to both starting positions (e.g. evaluating existing data or collecting new data). (
an be found in the specialized literature.

ntrations-are below the analytical quantification limit, a decision should be taken 4
them into’account in any statistical analysis. A sensitive evaluation of the influence
hantification limit should be done in order to make a decision. The choice of the methd
) the 'quantification limit should be justified[41].

s5oils,
brent
pund
own
dis
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ces.
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and
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5.5.1.2 Selection of representative data

5.5.1.2.1 Systematic approach

A histogram is a powerful tool to visualize the frequency distribution of the data. It gives information
on the skewness and the kurtosis of the distribution, as well as on its homogeneity. It assists in
distinguishing the possible different populations that comprise the total data set and, eventually, to
separate them before further processing. The numerical divisions for the frequency graph should be
consistent with the range and precision of the data recorded for each measurand.

For soil parameters, homogeneous populations are mono-modal. They are rarely normal and often
present a positive skewness that can rarely be modelled by a log-normal function. Therefore, the
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statistical methods to detect outlying values based on the assumption of normality of the population
should be used with great care, after checking the reliability of this assumption.

It is generally preferable to use a method for selecting the data that does not rely on assumptions about
the normality of the population. Exploratory data analysis is an example of a technique that relies solely
on the inherent structure of the data. Examples are given in Annex A.

The use of a geographical information system (GIS) is typically used to compare the data with
background mapping data (e.g. geology, area infrastructure), and to help to discriminate representative

population for background values.

concentration is to gather values measured on samples supposed to belong to the saing
stratum. This can be done by selecting and gathering the data according to stratification
distgnce to point sources, soil parent material, and soil and/or horizon characteristies. It
to a gertain extent from a sampling strategy based on a systematic approach, i sufficient
is collected when sampling in order to define different homogeneous stratd using the 1
sampling, and also if sufficient data are available to represent each stratum:For example,
be gdthered according to soil type, texture class, pH, organic matter contént or total iron co
the s

5.5.1.2.2 Judgemental approach

The judgemental approach provides a statistical sample for each investigated stratum. As
are gelf-evidently defined and generally homogeneous, thesnumber of outlying values in e
should be nil. In other words, once a stratum is precisely defined, all the concentrations me
are supposed to represent its composition and none efithem should be eliminated. However
be oyitlying values in a data set representing a stratum, for example, because of sampling i
stratjum, the existence of unexpected contamination, analytical mistake.

It is,
strat
as d
conc
distn
Ano

therefore, necessary to check the homlogeneity of each statistical sample repres
um. This can be done using histogram; exploratory data analysis or principal compon
pscribed for the systematic approach (see also Annex A). A simple way to detect
entrations is to plot the substance concentration against a soil characteristic known
ibution of the considered substance (e.g. clay content, cation exchange capacity, total i
itlying value will locate away from the cloud formed by the rest of the values.

5.5.1.3 Distribution of'the population of background values

Once
by v
calcy

the statistical\sample is established, the distribution of the population can be {
irious parameters. In the case of normal distribution, an estimation of arithmetic 1
lated, together with an estimated variance or standard deviation.

lection of the data of each a posteriori stratum can be carried out-ds described beford.

background

horizon or
by land use,
can be done
information
esults from
samples can
ntent. Then,

these strata
ach stratum
asured on it
there could
n the wrong

enting each
bnt analysis,

anomalous
to affect the
on content).

ummarized
hean can be

As probability distributions are frequently not normal or log-normal, it is recomme
percentiles as background values. For instance, the 10th, 25th, 50th, 75th, 90th perce$
synthetic appreciation of an ohserved distribution

ded to use
tiles give a

A percentile can be interpreted in the following manner. The probability for a sample from the total

population to show a concentration lower than the xth percentile is x %.

The extreme values, the maximum and the minimum are generally not representative
probable values that can be encountered in the soil being studied.

NOTE Z score can also be used if the sample size if 30 or above.

5.5.2 Data presentation and reporting

Background values can be presented in various manners, for example, in tables, boxplots or
A useful tool is the Tukey’s whisker, which allows the calculation of an indicator able
suspicious trace element amount while taking into account the local context[41].
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Background values can be represented on a map of the investigated area. The location of the sampling
sites also enables the data from a systematic approach to be mapped. Various techniques exist to draw
maps from spatial data, which can be found in specialized literature.

It is important to document all steps of the investigation. A sampling report in accordance with
ISO 18400-107 should be prepared on completion of the field work. A detailed report containing the
analytical results and the conclusions drawn from the investigation should be prepared to complete the
investigation (some relevant guidance can be found in ISO 18400-203). An example of the structure and
the main contents of such a report is given in ISO 18400-107.

The reports presenting the results of data analyses and compilation of background values will often be
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able to identify any “drift” in results caused by changes in analytical methodologies
5 are of a high technical standard, but that they also take account of the diverse.and
bl readership. Use should, therefore, be made of tabular summaries, and graphicaland
esent the data in ways that will make the data and conclusions as easy as_is-practical
nd assess.

andling/quality control

ent provides guidance on the types of data that are required“for compiling backgr
ndicates for which parameters or procedures International*Standards are available
uld choose those parameters that are appropriate to thétask in hand.

he data should be sufficient in terms of:

kt of data quality, it is essential to:
he objectives of the survey;

h a sampling strategy-~interms of types of samples to be obtained, sampling locationg
hples are to be handled consistent with these objectives;

h an analytical’and testing strategy, taking into account the guidance in this documen
levant Interhational Standards;

quality~objectives consistent with the assessment procedure to be used.

ial“to' have sufficient and reliable data. The confidence that can be attached to

t, in
that
bften
bther
le to
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The

ompilation of background values can be made, the siifficiency of data to be used shoulld be

, and

t and

any
jonal

judgements

madde, for example, through comparison with the requirements of an Internat

Standard (including requirements for sampling), is no greater than the confidence there is in the

representat

iveness of the data.

The assessor should bear in mind the disproportionate costs and time delays that can result if it is
necessary to carry out an additional sampling exercise. For example, if a particular parameter is not
determined when the opportunity is available (e.g. in order to reduce the cost of the investigation).

The quality

of the data to be used can be ensured by:

setting formal data quality objectives (e.g. for accuracy, reproducibility);

using standardized analytical and testing methods, such as those listed in this document, or, where

International Standard methods are not available, those published by national standardization or
equivalent bodies;
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— using laboratories that apply methods accredited to ISO/IEC 17025;
— using laboratories accredited to a quality management system, e.g. ISO 9001;

— usinglaboratories that take partin relevant proficiency testing schemes of international level; if the
analyses are performed by different laboratories, it should be made sure that they participate in the
same proficiency testin order to control precision and accuracy, and thus quality and comparability
of the results;

— using a commissioning agent employing its own quality assurance procedures.

It should be stressed that the use of any or all of the given criteria does not exclude the possible presence
of excessive analytical variability (so called “analytical errors”). These could be presentfqr individual
samples, for several samples, or for one or several of the parameters analysed.

© ISO 2018 - All rights reserved 17


https://standardsiso.com/api/?name=879156548aa5a77f50cc5c00d8b53bef

ISO 19258:2018(E)

Annex A
(informative)

Outlier tests

The removal of outliers has a significant effect on the resulting definition of the background value. The
performance of an outlier test is, therefore, an essential step in data processing and data analysis.

The statisthal identification of an outlier by itself is insufficient for removing a high {or|low)

measurement from the database describing the background value. The statistical test does;, however,

provide a gdod method of defining which data should be investigated in more detail in ordérto seqif an

explanation|can be found for the high value to be an outlier. If such an explanation is foifid, the value is

indeed an outlier.

There are different reasons why outliers can be present in the database, including;

— an administrative error;

— ameasyrement error thatis confirmed to be an error based on new~analysis;

— errors |n the procedure resulting in the measurement; thus, resulting from sampling, sample
pretreatment, destruction or extraction, and analysis.

If an outlier fis explained by one or more of these errors, the mieasurement should be discarded from the

database completely.

Other explapations for the occurrence of outliers are;

— adiffer¢nce in the (historical) soil use;

— alocal dase of soil contamination;

— adiffer¢nce in soil type.

In all three| cases, the outlier should not be included in the (part of the) database describing the

background|soil quality, but should be kept in the overall database, as these high values participgte to

describe thd local context.

For the detgction of outliers, numerous tests can be applied. Per definition, it is necessary to assume

an underlying distribution as only the fact that a measurement falls outside the expected width of that

distribution| which makes the value an outlier.

In order to ¢letect'outliers in a simple and Vlsuallzed manner, often the “box and whlsker plot” i used

(often called_only “ o n on

the distribution of the data. Different types ofbox and whlsker plots exist. Often a box and whisker plot
is used where different percentile values of the distribution are displayed. The “box” describes the part
of the distribution between the 25th percentile and 75th percentile of the distribution, thus displaying
the “central” 50 % of the data. Within the box, the median is displayed. The “whiskers” run from the
25th percentile and 75th percentile, respectively, up to the value equal to k times the inter-quartile
range (the difference between the 25th percentile and 75th percentile). k often equals 1,5. Values larger
than the whiskers are detected as outliers. In particular, the value used for positioning the whiskers (in
this case 1,5) is based on an assumption of the underlying distribution of the measurements.

Figure A.1 shows a box and whisker plot for lead concentrations found in the study area. The outliers
in Figure A.1 are divided into two groups, the “outliers” and “extremes”, where the extremes represent
measurements over two times the inter-quartile range. Other factors for the distinction between
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outliers and extremes (such as a value of 3) are also used; sometimes the 10th and 90th percentiles are
used to determine the outliers defined as the values respectively below and above those percentiles.

As shown by Figure A.1, a number of outliers are detected. However, whether these are truly outliers
should be investigated.
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X distribution of the population

Y mass fraction of Pb expressed in milligrams per kilogram, mg/kg
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non-outlier min

g 75%

25%
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X extremes
Figure A.1 — Lead concentrations (original data) in a box plot graphic

Figure A{2displays the same lead measurements, but after logarithmic transformation. Noyy, it appears
that [there are no outliers present. This is also supported by the “normal probability” plots for the
measurements, as well as the log-transformed measurements, as shown in Figure A.3.

© ISO 2018 - All rights reserved 19


https://standardsiso.com/api/?name=879156548aa5a77f50cc5c00d8b53bef

ISO 19258:2018(E)

Key
X  distribution of the population
Y mass fraftion of Pb expressed logarithmically in milligrams per kilogrant, log mg/kg

Figure A.2 — Lead concentrations (log transformed data) in a box plot graphic
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Figure A.3 — Normal probability plots for the contents (left) and log transformedd lead
concentrations

This|clarifies that the measuremnients are positively skewed, as appears in most environinental data.
After logarithmic transformation, the log-transformed data fit the expected values (displayed as the
line in Figure A.3) reasorably well. This does not imply that no explanation for the outliers should be
sought, but it can provide part of the explanation as to why the measurements belong in the database
describing the background value.

The |statistical euitlier test simply identifies what data should be investigated in mofe detail. It
can, however;also provide proof for the fact that while the data are high, they describe 3 part of the
distrjibutionof background values. In addition to plotting the data according to an expected gistribution,
as shown In the example, this exploratory data analysis can also exist out of the spatial djsplay of the
meagureéments in order to visualize spatial patterns. For example, spatial relations can be|present due
to specific forms of land use or spatial structures in the study area.

Correlation matrices displaying the correlation between the investigated components can also be
useful for explaining and understanding the available measurements.

Another approach to selecting the values corresponding to pedo-geochemical or background
concentration is to apply principal component analysis. Plotting the scores of the samples against
the three principal components of the total variance generally shows the differences between the
populations.

An alternative for the detection of outliers is to use specific statistical outlier tests. These tests,
however, are less simple to interpret (visually). It is essential that the tested data meet the conditions
for applying the test (e.g. normality of the data). If these conditions are not met, measurements can be
falsely detected as outliers.
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