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Foreword

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

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trads
URL: www.j

the ISO/IEC Directives, Part 1. In particular
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subjg

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation on the voluntary nature of standards, the :meaning of I1SO specific terms
related to conformity assessment, as well as information about ISO's adherence t
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follo
so.org/iso/foreword.html.

This documlent was prepared by Technical Committee“ISO/TC 190, Soil quality, Subcommittee

Impact asses

Any feedbad
complete lis

This second
revised. Thd

— Clause 4

Clause

new suk
andint

all exar
outdate

sment.

k or questions on this document sheuld be directed to the user’s national standards bo
ting of these bodies can be found atwww.iso.org/members.html.

edition cancels and replaces the first edition (ISO 16133:2004), which has been techn
main changes compared(to the previous edition are as follows:

l has been updated;
b has been updated, definitions that were not used in the document have been deleted;

clauses hayedeen introduced regarding sampling designs (5.2.4), sampling in space (§
me (5.2.6);

hples\of monitoring programmes described in Annex A have been deleted as part
d

ect of

s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafils of

1d /or

S not

and
b the
wing

SC 7,

dy. A

cally

2.5)

were

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=62d6f961bc3b4ba402691898ce6dfbdd

ISO 16133:2018(E)

Introduction

Monitoring is the process of repetitive observation, for defined purposes, of one or more components
of the environment according to pre-arranged schedules in space and time using comparable methods
for environmental sensing and data collection[14][15]. Monitoring schemes are used all over the world
for a large number of purposes. Soil monitoring, particularly, is a long-term undertaking. The quality
and the utility of the information from the monitoring is to a large degree determined by the choice
of monitoring sites and by their maintenance over the years, and by appropriate quality control at all
stages of the process.

Monjitering-a ate s At eSSy Ry 1siderations,
including legal requirements. The guidance in this document is not designed or intended(tp cover such
situations.
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Soil quality — Guidance on the establishment and
maintenance of monitoring programmes

1 Scope

This document gives general guidance on the selection of procedures for the establishment and
mainterrarce of Prograrimes for ong-teT T MoItoTing of Soil quatity Tt takes imtoaccount the large
number of objectives for soil-monitoring programmes.

This|document is intended to help provide a basis for dialogue between parties whichimight be involved
in a onitoring scheme.

2 Normative references

The following documents are referred to in the text in such a waykthat some or all of their content
constitutes requirements of this document. For dated references,‘enly the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO 15903, Soil quality — Format for recording soil and site iniformation
ISO 18400 (all parts), Soil quality — Sampling
[SO 45177, Soil quality — Field soil description

3 Terms and definitions
For the purposes of this document, the'terms and definitions given in ISO 11074 and the follpwing apply.
ISO gnd IEC maintain terminological-databases for use in standardization at the following dddresses:

— SO Online browsing platform: available at https://www.iso.org./obp

— IEC Electropedia: ayailable at http://www.electropedia.org/

3.1
anthropogenic change
change in soil properties caused by human activities

[SOURCE:1S0"11074:2015, 5.1.1, modified — “influence on” has been replaced by “change in"]

3.2
background concentration

concentration of an element or a substance characteristic of a soil type in an area or region arising from
both natural sources and anthropogenic diffuse sources such as atmospheric deposition

[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 entry has been
removed.]

3.3

habitat

sum of the environment of a particular species or community (e.g. in terms of soil properties, land use,
climate)

[SOURCE: 1SO 23611-6:2012, 3.2.2]

© ISO 2018 - All rights reserved 1
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monitoring site
area in which investigations take place

Note 1 to entry: Such an area is usually chosen to be relatively homogenous.

[SOURCE: ISO 11074:2015, 5.1.5 modified — the following part of the definition "such an area is usually
chosen to be relatively homogenous" has been moved to Note 1 to entry]

4 Monitoring objectives
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is also an important tool for the early detection of changes in s¢ily properties anc
1. It, thus, has a major role in the prevention or minimization efenvironmental da
tion of environmental improvement. By the early detection of‘environmental impa
1 for such impact, a monitoring programme could help to£educe or remove the cog
maintaining a given level of environmental management, protection or quality.

brogrammes can also be used to evaluate the outcome of.environmental policies, to ass
ment of strategies for soil protection and environmental management. They can also §
platforms for the development and validation of field and analytical methods and of m
blated environmental processes.

[ purposes for which soil-monitoring programmes can be designed encompasses such g
scales, variables and processes thatdt is not possible to give specific guidance o

e
II’lonitoring programme to meet all the objectives which might be covered by this dive

n of sites, sampling schemes, etc.:sHould be made following consideration of the sp
f the particular monitoring programme. This document identifies the principles under

mmes.

[ples of monitoring purposes
les of monitoring purposes might include the need to establish one or more of the folloy

ntermediate~yand long-term environmental impacts varying in magnitude, import
h and probability;

in chemical, biological and physical soil properties (e.g. pH, adsorption processes,
acCumulation, radiation, compaction, erosion) and the dynamics of changes in
ies;
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effects of human impacts;

differentiation of local contamination from long-range transport;
evaluation of productivity;
assessment of biological diversity;

input of elements into the soil environment and output of elements from the soil environment;

rt processes in the soil profile (gases; particles; elements or compounds in solution);

differentiation of human impacts from inter-annual variability and longer-term climate change;
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— calculationsofuptake and retention of elements, compounds or substances by particular components

5

5.1

of the ecosystem.

Monitoring programme

General considerations

It is generally not feasible to monitor all variables at all locations of the studied area. Wherever possible,
consideration should be given to the monitoring of soil properties which, as well as being of specific
interest themselves, might also act as a surrogate for some property or process which is otherwise
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ult, time consuming or expensive to measure directly. For example, soil pH, oxg
entration and clay content (a potential surrogate for soil hydrological behaviour)-1

at a site before identifying additional variables for monitoring and what dégree of g
urement is required into the future. The close reciprocal benefits of monitetring and
fic scientific questions should be considered.

final series of potential monitoring options should be ranked aceording to their va
tific relevance, sensitivity to impacts, value as an index for changes’in many other en
bles that are not measured) and feasibility (such as finaficial, logistic, analyti
pretation). This prioritization should be revised and upddted at regular intervalj
propriate storage of samples and long-term quality assurance, such as cross-che
ovements in analytical techniques are made, should notbe underestimated.

ification of habitat types is a key element of thegmonitoring plan, and is also a log
for the development of an environmental monitoring strategy. It is also necessary
number of sites that might be required to give appropriate spatial and temporal c
toring, and whether the site density is appropriate for all variables. It is usually imn

estalplish sites that cover all combinations f soil and habitat. Consideration needs to |
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iple, to combinations that are most common or most sensitive to a given impact.
mbered that other research, into.eg; water quality or biodiversity, might be possible
fhus adding to its value.

)

very strongly recommended-that all parties to a long-term monitoring programme
tives, funding, mutual responsibilities and other relevant issues before a monitoring
ins, and that they enter.into a formal agreement which defines each party's role in the
LIiing financial and Jegal constraints.

 other factorsthat have to be considered are the following:

partners and* organizations involved, and an assessment of their objectives an
commitment;

existing guides, protocols and quality standards, and the degree to which they satisfy tH
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ofthe programme;

access to the sites both in terms of physical and legal aspects (a long-term commitment
the monitoring sites is usually required);

availability of sites;

long term storage of the samples and their availability;

of owners of

effects of future changes in land use (if this is an important factor), or the landscape in the vicinity

of the site(s) since changes might affect the usefulness of the site in the long term;
the funding of the programme, and its long-term security;

quality assurance, including documentation (see below);
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— data management, accessibility of the data, intellectual property and issues of confidentiality and
rights to publish.

5.2 Elements of a monitoring programme

5.2.1 Status of the monitoring sites

The history of all sites, which might be considered, should be documented. This is an essential part of
any assessment of representativeness, and ensures that the chances of unexpected influences that might
jeopardize the usefulness of the site, are minimized. Such assessment can involve the characterizing of

present-day m“] pvnpnwhnc atrepresentative-sites- lcenn‘- c-n.—-k ac nnynnm-h n-_accacc nte rc-nn /1 1\ can

Crorco e T OPT gty oI, o Ceeoo;ottT

usually be rlesolved at this stage. Information about other monitoring programmes forms part{of this
preliminaryjinvestigation.

NOTE Guiidance on the preparation of site histories is provided in ISO 18400-202.

5.2.2 Changes at the monitoring sites

The purposg of measuring change in soil properties should be clear from.the start. It may algo be
useful to inyert the question and ask what changes could be measured using such a particulay site
or programfne design, even if all the properties might not be requiredsat the start. Sites which allow
expansion of activity for future needs can have advantages over moredimited sites. It might be thaft one
purpose of the programme is to establish changes in soil properties! (e.g. pH, organic matter corjtent,
levels of tox|c substances, water permeability, microbiological activity) and the dynamics of changes in
such properfties over shorter rather than longer time scales. This*has large implications for the amjount
of soil samplling, and thus site disturbance, which the site might have to accommodate without having
its function§ seriously affected. The possibility of investigating other environmental compartmentf can
make one sjte a more attractive proposition than another, especially if it interests a larger gropip of
researchers| funders, etc.

5.2.3 Interpretation of status and changes
The data on|status and changes may be used to interpret the following:
— referen¢e/background properties;

— degraddtion/improvement of gne or more soil characteristics and functions (and the effect of this
on othef soil or site properties);

— short-tgrm and long>term environmental impact and bioavailability of extraneous inputs, applied
wastes,|atmospheric‘or water-borne substances or off-site management;

— ecologiqal funetions of soils;

— productivity~functions of soils;

— influence on other environmental compartments, or of these on the soils at the site.

5.2.4 Statistical sampling design

The sampling in space of the sites has to be designed considering the statistics needed to estimate
the parameters and their uncertainty[1Z1[18]. This is a major decision for interpreting data between
locations and in time (e.g. variation of a parameter, confidence intervals). Two fundamentally different
sampling approaches can be distinguished, the design-based approach (e.g. random or probability
sampling) followed in classical survey sampling and the model-based approach followed in geostatistics
and in time series analysis[19].

In a design-based or probability sampling approach, the estimation of the statistical parameter of
interest, for instance the mean or the total, and its standard error is based on the inclusion of the
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probabilities of the sampling units. These probabilities are determined by the sampling design. This
requires that the sampling units are selected by probability sampling (e.g. all the coordinates of the sites
are randomly selected). Probability sampling is a sampling technique wherein the sites are gathered in
a process that gives all the individuals in the population a known probability of being selected.

In a model-based approach, the statistical inference is based on a model of the spatial variation (e.g.
using a grid design will require a variogram as a model). Randomness is introduced via the model,

which is a stochastic model, i.e. it contains a random error term.

5.2.5 Selection of sites in space
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ria are anthropogenic changes and natural background conditions (e.g. traceJele
Ly, salinity, buffer capacity). Other important considerations are the objectives.of the
respect to the statistical outputs, e.g. mapping or global statistics (see als@ 5.2.4).

i

ting knowledge of the landscape or soil pattern. Where relatively. little is known, r
ﬂ:lish the variability of the area in question. In general, there areyfour main choices in {
pgraphical distribution. They are listed below without priority.

egular grid. The sites are selected using a regular grid{In order to provide represe

his approach generally requires a large number of sites. The interval between the g
ery dependent on the size of the area of interest. This'is profitable both for mapping so
nd for estimating spatial means or totals of thesé properties.

luster random sampling. A cluster is a group of population sites that serve as samp
ne population site of a cluster is selected,then all other sites are also selected.

tratified approach. This is based onla stratification of soils according to land use and
r soil horizon, on soil parent material, or soil extent, or distance from potential co

gy, soil type, vegetation and land use, topography, climate and ecological habitat. Oth§

Choice of geographical distribution of monitoring sites might be influenced by the de

ften the most appropriate, although this can imply considerable’ preliminary inve

hrespectto
r important
ment levels,
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gree of pre-
pgular grids
stigation to
he selection
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or soil type,
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ources, etc. This is profitable for estimating spatial means or totals of these properties only.

ppropriate stratification and, allocation of sample sizes to the strata will usually le
recision and lower cost of estimation.

ypothesis-orientedapproach. The selection of the location is not randomly chosen b
n the basis of theirability to detect and quantify impacts hypothesized to result fi
uman activitiest

der to make efficient use of available resources, it is always important to consider the
fegrate the sites with other monitoring programmes. Both synergistic and disturbing
ed by sampling activities or experimental treatments) should be considered if sites ar
ffexent monitoring programmes.

hd to higher

lt evaluated
‘om specific

possibilities
effects (e.g.
e to be used

Resampling in time

Making decisions on where and when to make observations, boils down to choosing a sampling design
in space and time. Such designs can be categorized on the basis of their structure in the space time
domain. Four basic design types are given in References [18] and [19].

Fully independent, where the individual combinations of sampling locations and sampling times,

here referred to as sampling events, have no imposed ordering in space or time.

Static, where the set of sampling locations remains fixed through time, but the obs
these locations are not made at the same times.

ervations at

Independent synchronous, where the observations are made at the same times, but not at the

same locations.
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— Static-synchronous, where observations are ordered in both space and time (synchronized as well
as co-located).

These basic design types have their own pros and cons with respect to operational costs and statistical
efficiency (see References [18] and [19]).

5.3 Sampling and measurement

5.3.1 General

A sampling

nd measurement plan is an important part of a monitoring programme. Such aplans

ould

include prod

5.3.2 Site
The chosen
monitoring
layout of th
functioning
disturbance

The choice d
might have
sampling by
example to
factors shall
of these larg
monitoring

5.3.3 Soil

Soil and site

5.3.4 San|

Sampling in
storage. Sarj

edures described in 5.3.2 to 5.3.7.

design and identification

site(s) should allow the range of measurements appropriate for the objectives of the
programme, and any other monitoring activities which add value to this-programme
e site should allow repeated representative sampling, without conipromising the oy
of the site or the soils within it. The site should be protectedfrom unwanted ext
S.

f sampling points within the monitoring site depends on several factors. The sampling
to allow for the digging of soil-profile pits, the installdtion of soil instruments, repq
augers or other sampling devices, possibly the introduction of designed experiment
est the effect of different cropping regimes on the properties monitored, and so on. T
be estimated at the preliminary stage, and the site‘design modified to include them. If
er factors needs to be allowed for, the sampling point may be located at the centroid d
Site.

and site description

description should be performed inraccordance with ISO 25177 and ISO 15903.

Ipling

cludes for example the\sampling strategy, sampling techniques, labelling, transport
hpling shall be done\in accordance with the ISO 18400 series. Careful thought shou

given to sanipling schemes sp‘as-to cause minimum disturbance to the site and its properties.

5.3.5 Fie

and laboratory measurements

Field and lalroratory measurements should be selected according to the objectives.

It is strongl]

y récommended that the following minimum data set of chemical and physical param

soil-

The
erall
brnal

boint
pated
s, for
hese
none
f the

and
d be

pters

be included

panic

as‘manv of these lmdprpin the interpretation of soil data in the wider context: pH, or

carbon content, cation exchange capacity, electrical conductivity, dry matter content, particle size
distribution and bulk density. There is no recommended minimum data set for biological parameters,
as the choice depends on the objectives. Standardized methods should be used wherever possible.

NOTE
Bibliography.

5.3.6 Specimen banking

The relevant International Standards for the recommended minimum data set are given in the

Depending on the purposes of the monitoring programme, it may be necessary to bank samples. In case
of banking, a specified portion of each sample should be stored for future needs following the guidance
in ISO 18512 as appropriate. Sufficient sample should be taken so as to allow re-analysis of many of the
properties for an extended period into the future, in order to compare time series analysis without any
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