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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 wit
Commissio

Internationg

The main t4

SO, alSo take part in the work. SO collaborates closely with the International Electrq
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

sk of technical committees is to prepare International Standards. Draft International Standards

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

Standard rg

quires approval by at least 75 % of the member bodies casting a vote.

technical

adopted
rnational

Attention is| drawn to the possibility that some of the elements of this part of ISO'10381 may be the qubject of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10381 was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 2, Sampling.

ISO 10381 ponsists of the following parts, under the general title Sail quality — Sampling:

— Part 1:|Guidance on the design of sampling programmes

— Part 2:|Guidance on sampling techniques

— Part 3:|Guidance on safety

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

— Part 5:|Guidance on investigation of‘soil contamination of urban and industrial sites

— Part 6:| Guidance on the collection, handling and storage of soil for the assessment of aerobic |microbial
processes in the laboratory,

The following parts are under, preparation:

— Part 7:|Guidance-qon the investigation and sampling of soil gas

— Part 8:|Guidance on the sampling of stockpiles

Annex A of thispar-efHS0-40384Hsfer-informeation-onty
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Introduction

This part of ISO 10381 is one of a group of International Standards intended to be used in conjunction with each
other where necessary. It deals with various aspects of sampling for the purposes of soil investigation, including
agricultural and contamination investigations, but is not applicable to investigations for geotechnical purposes.

General principles t0 be applied In the design of sampling programmes 1or the purpose of characierization of soil
and idertification of sources and effects of pollution of soil and related material are given in\ [§O 10381-1.
ISO 10381-1, ISO 10381-4 and ISO 10381-5 should be consulted regarding the appropriate equipment,|information
about where to sample, the tests to be conducted, the type of sample, the depth of sampling,"soil type and the
required fepresentativeness of the sampling system.

© I1SO 2002 — Al rights reserved \"
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INTERNATIONAL STANDARD 1ISO 10381-2:2002(E)
Soil quality — Sampling —

Part 2:

Guidance on sampling techniques

1 Scape

This parf of ISO 10381 gives guidance on techniques for taking and storing soil .samples so tha{ these can
subsequéntly be examined for the purpose of providing information on soil quality.

This part{of ISO 10381 gives information on typical equipment that is applicable-in particular sampling $ituations to
enable cprrect sampling procedures to be carried out and representative samples to be collected. Guidance is
given on| the selection of the equipment and the techniques to use tor enable both disturbed and pundisturbed
samples [to be correctly taken at different depths.

The guidance provided is intended to assist in the collection of samiples for soil quality for agricultural pyrposes and
also proyide guidance for the collection of samples for contamihation investigations which will requjre different
techniqués and skills.

This part|of ISO 10381 makes reference to some aspects-of the collection of samples of groundwater @§nd soil gas
as part of a soil sampling programme.

This part of 1SO 10381 specifically does not(cover investigations for geotechnical purposes, thqugh where
redevelopment of a site is envisaged the_seil’ quality investigation and the geotechnical investigation may be
beneficially combined.

This part|of ISO 10381 is not applicable:to the sampling of hard strata such as bedrock.

Technigyes to collect information.on soil quality without taking samples, such as geophysical methqds, are not
covered by this part of ISO 10381.

2 Nonmative reférences

The follo
this part
do not a

ving normative documents contain provisions which, through reference in this text, constitute g
Df ISOT10381. For dated references, subsequent amendments to, or revisions of, any of these
pply) However, parties to agreements based on this part of ISO 10381 are encouraged to inv

rovisions of
bublications
estigate the

possibility of applying the most recent editions of the normafive documents indicated below.
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

or undated

ISO 11074-1, Soil quality — Vocabulary — Part 1: Terms and definitions relating to the protection and pollution of

the soil

ISO 11074-2, Soil quality — Vocabulary — Part 2: Terms and definitions relating to sampling

ISO 11074-4, Soil quality — Vocabulary — Part 4: Terms and definitions related to rehabilitation of soils and sites

© I1SO 2002 — Al rights reserved
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3 Terms and definitions

For the purposes of this part of ISO 10381, the terms and definitions in ISO 11074-1, 1ISO 11074-2, ISO 11074-4
and the following apply.

31

spot sample

single sample

sample of material collected from a single point

NOTE This may be a disturbed or undisturbed sample.

3.2
slot sampII
sample taken as a vertical slot from within a stratum or other subpart which is putatively homogehgous

NOTE This is a disturbed sample.

3.3
stratified sample
sample obtained as a combination of spot samples from strata or subparts, putatively homogeneous

NOTE This is a disturbed sample.

3.4
cluster sample
sample which is a composite of small incremental point samples taken close together

NOTE This is a disturbed sample.

3.5
spatial sample
sample which is a composite of small incrementalpoint samples taken over an area (such as a field)

NOTE This is a disturbed sample.

4 Princjple

4.1 Sampling of soil

Soil samplgs are collected and examined primarily to determine associated physical, chemical, biological and
radiological|l parameterst This clause outlines the more general factors to be considered when selecting [sampling
equipment and its use? More detailed information is given in subsequent clauses.

Whenever @ ¥olume of soil is to be characterized, it is generally impossible to examine the whole and it is [therefore
necessary %mmmmwm-ole to be

characterized, and all precautions should be taken to ensure that, as far as possible, the samples do not undergo
any changes in the interval between sampling and analysis. The samples normally collected are described as
disturbed samples, i.e. the soil particles become loosened and separated in the sampling process. If it is necessary
to collect undisturbed samples, e.g. for microbiological or geotechnical purposes, the samples need to be collected
in such a manner that the soil particles and pore structure remain unaltered in comparison with the original ground
structure. The sampling of multiphase systems, such as soils containing water or gases which are not of natural
origin (e.g. waste materials), can present special problems.

The sampling technique should be selected to enable the collection of samples of ground material which can be
presented to the laboratory for examination or analysis to establish basic information on the pedology and
distribution of naturally occurring or manmade soils, their chemical, mineralogical and biological composition, and
their physical properties at selected locations.

2 © 1SO 2002 — All rights reserved
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The choice of sampling technique depends, in addition, on the required precision of the results, which in turn
depends on the ranges of concentration of components, the sampling procedures and the type of analysis.

Sampling equipment should be carefully selected in relation to the different materials which may be present in the
ground and the analysis to be carried out. Utmost care should be taken to avoid cross-contamination, loss of
volatile compounds, change of composition due to exposure to air, and other changes which may occur between

sampling

and the testing of the sample.

Every soil sampling technique usually consists of two separate steps:

a) gaining access to the point of sampling (removing the cover or sealing, digging or drilling a hole to reach the

desi
b) takir
Both stey

4.2 Sampling of water

Soil inve
to be ta
surface V

4.3 Sampling of soil gas

Ground
componsg
solvents
to cover

5 Choice of sampling technique

51 Pr
The choi
depends
the exam
Thus cer

— the g

— then

ed depth of sampling), and
g the soil sample.

s depend on each other and both shall meet the requirements of the sampling prineiples.

en. These should be collected in accordance with appropriate International Standards or
ater sampling with regard to ground investigation. For further infermation see ISO 10381-1.

nvestigation programmes may involve assessment, of soil gas composition for typical
nts such as methane and carbon dioxide. In the case of contaminated sites, the suspected
or fuels may require investigation. An International Standard (ISO 10381-7) is in the course of
such investigations, and some indicative guidance is incorporated in this part of ISO 10381.

pliminary information
Ce of sampling technique;the selection of the sampling equipment and the method of taking §
upon the objectives ofthe sampling, the strata to be sampled, the nature of possible contam
ination or analysis to-be’carried out on the samples.

ain informationtis)needed to make this choice. This information may include

ize and topography of the area to be sampled,

ature'\of the ground to be sampled,

stigation programmes, particularly those carried out at contaminated sites, may also require water samples

ground or

landfill gas
presence of
preparation

oil samples
nation, and

— som

e Indication of the possible lateral anad vertical variations of Soll Type or strata,

— the geology of the site and surrounding area,

— the depth to groundwater and its direction of flow,

— the depths from which samples are to be taken, taking into consideration the future use of the site, including

dept

—  prev

h of excavations or foundations,

ious usage or treatment of the site,
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— the presence of buildings and obstructions, such as foundations or hardstandings, buried tanks and

underground services (e.g. electricity, sewers, mains, cables),

— indications of the presence of underground tanks and service (for example inspection covers, inspection

chambers, vent pipes),
— the presence of concrete or tarmac pathways, roadways or hardstandings,
— the safety of the site personnel and protection of the environment,
— the growth-of vegetationleading to extensive root developmen
— the presence of unexpected surface-water pools or water-saturated ground,
— the presence of fences, walls or earthworks designed to prevent access to the site,
— the presence of tipped material above the level of the site, or material from the demalition of buildings
— location of water bodies at risk from contamination, including surface and ground water.
Extreme ngtural circumstances, such as permafrost, laterization, calcrete or ether indurations, may ocq
require spgcial techniques in order to obtain samples. This shall be knewn~prior to the design of a
programme}.

To collect [this information, a desk study or preliminary survey, of\the site is strongly recommendeg

ur which
sampling

d. When

investigating soils suspected of contamination, the preliminary survey is an essential part of the investigation

programme] [see clause 6 of ISO 10381-1:—1) and clause 6 of }S©"10381-5:—")]. Its main relevant concer
a) to ensufe an investigation which is both technically and’cost effective;

b) to ensufe the safety of personnel and to protect the’environment.

The prelimfnary survey may comprise both ,desktop studies and site reconnaissance (field work). It
normally include taking samples, but in some circumstances limited sampling may be useful in re

determinind the parameters for the site_investigation, investigating some metholodical aspects, and i
possible hagards to the investigating personnel.

5.2 Typg of sample

There are [two basic types\ef sample which are collected for the purposes of investigating soil an
conditions. [These are:

a) disturbed samples: samples obtained from the ground without any attempt to preserve the soil strug
is the Soil particles are collected “loose” and are allowed to move in relation to each other;

NS are

does not
tlation to
Hentifying

1 ground

ture; that

b) undisturbed samples: samples obtained from the ground ing a method designed o preserve

structure; i.e. special sampling equipment is used so that the soil particles and voids cannot change
distribution which exists in the ground before sampling.

the soil
from the

Disturbed samples are suitable for most purposes, except for some physical measurements, profiles and

microbiological examinations for which undisturbed samples may be required. Undisturbed samples s

hould be

collected if it is intended to determine the presence and concentration of volatile organic compounds, since

disturbance will result in loss of these compounds to the atmosphere.

1) To be published.
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If undisturbed samples are required for soil sampling, these can be taken, for example, using a Kubiena Box, a
coring tool or coring cylinder. In each case the sampling device is pushed into the soil and subsequently removed
with the sample, so that the soil is collected in its original physical form.

There are different methods of taking samples from the ground for the purpose of investigating soil quality (see

clause 3)

If a slot sample (single sample) is small it may be taken for a spot sample. All other sampling methods produce
composite samples (average samples, aggregate samples). Composite samples are not useful to determine soil
characteristics that suffer changes during the composition process, such as concentrations of volatile compounds.
They also cannot be used if peak concentrations of any substance or variations of soil characteristics are to be

determin

Bd.

Spot samples can be readily collected using hand augers and other similar sampling techniqyies. Where

undisturh
maintain

Cluster

ed samples are required, special equipment (see above) is necessary in order to collect’the sg
ng the original ground structure.

samples are appropriate when using machines for excavating ground t6 \obtain sample

circumstances, the samples should be formed by taking portions from locations-within the bucket o

material

Spatial s
taken to

e.g. nine-point sample).

bnsure the auger repetitively collects the same amount of samplé:

5.3 Selection of sampling technique

Within tH
objective]

The follo

— Saoil
sam

is International Standard, it is not possible to fix_one sampling technique to every possib

ving examples indicate some of the main rules-that shall be followed.

characteristics that are bound to soil hgrizons (which are most of them) require horizon-boun
bling.

— Ifth
the

— Samples taken to identify the distribution and concentration of particular elements or compounds &

spatial variation of soil charagcteristics is of interest, spot samples are required. If the required
sults is low, other types of,sample also may be accepted.

spot|samples, or perhaps-slot or cluster samples within the area being examined.

— Sa
pur|

ples taken to-assess the overall quality or nature of the ground in an area, e.g. for certain
ses, are spatial samples.

— Sample size:shall be sufficiently large to enable all tests and analyses to be performed.

mple whilst

5. In these
f excavated

amples or other composite samples can be collected using hand(or powered augers, but care shall be

e sampling

because there are so many objectives and many, of'them are satisfied by more than one technique.

] (stratified)

precision of

re normally

agricultural

— Samplesize shall be sufficiently large to represent all soil characteristics of interest.

— Samples shall not be too large to obscure variations in soil characteristics of interest.

— Soil characteristics of interest shall not be affected by the sampling process, nor by the transportation and
storage of samples.

— Representative sampling usually means that increments with different properties shall be (if applicable at all)
combined into a composite sample only according to their volume fraction of the parent population to be

sam

pled.

— Cross-contamination shall be avoided, as well as the spread of contaminants.

© I1SO 2002 — Al rights reserved
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5.4 Cross-contamination

Chemical soil properties, in particular, can be changed by the sampling procedure in many ways:

by transmission of substances fixed to sampling equipment or containers;

by uncontrolled transport of soil particles to the sampling point from adjacent points of a site or a soil profile,

especially by material dropping into the sample from higher up a bore hole, either during augering/drilling or
during withdrawal of the sample;

by tran

sfer of substances from the sampling device or container:
T ~J T

by loss|

by con
grease

by con

of volatile compounds, leakage of liquids or mechanical separation;

tamination with auxiliary substances used to enable or facilitate the sampling (fuelsy exhau
5, oils, lubricants, glues and others);

amination with wind-blown particles, spread liquids or precipitation.

Whatever method is used for obtaining the sample, it is important that the sampling system used and the

from which

The sampl
subsequent
field to form

Where it is
only lubrics
samples in

Only devics
trowel of s
interfere wi
otherwise c
Lining the
bore.

6 Safet

In any soil-
and semi-n

When carry

the equipment is made do not contaminate the sample.

ng equipment should be kept clean so that parts of a prévious sample are not transmi
sample causing cross-contamination. Even for agricultural purposes, with repetitive sampling
a composite sample, the sampling device should be cleaned between each location.

necessary to use lubrication, e.g. water, to ease formation of a borehole to enable sample ¢
tion should be used which will not conflict with, nor confound the analysis to be performe
he sense of matrix effects or contribution to the;contamination.

s of controlled chemical quality and compgésition shall be used to handle samples. For exampl
ainless steel can be useful when invéstigating organic compounds, while plastics normal
th heavy metals. Devices that have.eontact with samples shall never be painted, greased
hemically treated surfaces.

porehole can prevent cross<eontamination from material dropping into the sample from high

y and environmental protection in the investigation

sampling investigation there is some disturbance of the ground. In areas of agricultural use,
htural vegetation, this disturbance is usually minimal and unlikely to result in the creation of any

ing“out investigations on highly contaminated sites, consideration should be given to using p

borehole orj

5t fumes,

material

ted to a
across a

ollection,
d on the

e, a hand
y do not
or have

br up the

wvoodland
hazard.

robehole,

similar techniques, rather than excavations, in order to minimize and reduce problems due to 4

Xposure,

disturbance and potential dispersal of the contamination.

When the site surface prior to the investigation is obviously contaminated, or presents a general environmental
problem due to exposure to humans or animals, and there is the possibility of dispersal of contaminated dust or
water pollution, in addition to taking precautions to minimize disturbance and dispersal of contamination during the
site investigation, the situation should be brought to the attention of the landowner and local authorities, so that
preventative measures can be implemented. National or local regulations on information procedures or obligations
shall be obeyed.

NOTE

See also ISO 10381-3.

© 1SO 2002 — All rights reserved
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During a soil-sampling investigation there are different procedures that may influence human health and safety:

handling sampling instruments and machinery;
unstable ground or slopes, open holes or excavations;

exposure of contaminants to sampling personnel and people living near by or passing by;

exposyre of camnlina narcannal tn caontaminantce ralaacad fram trancnart Ar ctarana containar
St —SaHHpHg SHSOHHEST—tO—CoH eSS E— O HSPpOt—Or—Storage HchoT

or during

sam
inco

Where th
to ensure

All possi

sampling
environm

6.2 Pr
Prior to t
identified
identified

Location

ble pretreatment;

nveniences from noise, dust, odours and so on, resulting from heavy fieldwork.

that the site has been cleared and made safe before the commencement of any)on-site work.
ble hazardous effects of soil sampling on human health shall be considered when selecting

methods. If this is done carefully, most adverse effects on other‘crganisms, constructio
ent will be regarded automatically.

ptection of buildings and installations

ne commencement of any intrusive survey, it is essential-that the location of any below-ground
to prevent damage, and the location of any overhead cables (power lines and telecommun
. In agricultural surveys, features such as irrigation.and drainage lines should be identified.

5 of services and other features which shall-not be damaged can be identified by consultat

landowngr (or tenant) and the service utilities. Even~when service locations have been identified, th

location
doubt ahb
services,

Excavati
possible
should b

6.3 En

Material
dust, ligy
or ponds
carefully,
site after

should be checked with a services monitor-before commencement of the intrusive investigatio
out the possibility of services being present, the initial 1,0 m to 1,5 m, or the maximum d
should be dug by hand.

bns shall be planned with respect to slope stability, stability of the ground of adjacent by
emissions of hazardous substances from contaminated ground. If problem is suspected, boreg
b used instead of excavations.

vironmental protection

exposed on the-surface can present a hazard to the environment due to the release of odd
id contaminants or contaminated water. For example, dust or contaminated water can wash i
or ontonadjoining land. This can be difficult to control and can only be minimized by carryi
Thisis-equally important on completion of the investigation; the backfilling of trial pits and clg
the investigation should ensure that such exposure does not occur.

ere is the possibility of munitions or explosives residues, the assistance of a specialist may b¢ necessary

appropriate
ns and the

services be
cations) be

on with the
e sampling
n. If there is
epth of the

ildings and
5 or drillings

urs, fumes,
nto streams
hg out work
anup of the

When the arisings are a result of drilling and construction of boreholes, the amount is likely to be small and unlikely
to create any disposal problem outside the site. Such arisings should be collected together and disposed of to a
suitable location upon completion of the investigation.

If the water table is reached, trial pits will fill with groundwater that may be contaminated or covered with
non-aqueous fluids such as oils. In these situations, special care is required in backfilling in order to prevent the
escape or dispersal of the contaminated liquids onto the site surface or into uncontaminated soil.

Open wa

ter with contamination or oil sheets poses a danger to waterfowl and other animals.

If boreholes are installed or excavations penetrate impermeable strata, e.g. clay, new pathways can be created
which result in increased dispersion of contamination. In these situations, the excavations should avoid penetrating

© I1SO 2002 — Al rights reserved
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the protective impermeable strata. For boreholes, it is possible to drill down to the impermeable strata, and insert
an impermeable protective plug of bentonite or similar material, through which a smaller-diameter inner borehole
can be drilled to greater depth. In this way a seal is established which prevents the dispersion of the contamination.

Increased dispersal can also result where contamination exists beneath a relatively impermeable layer, such as
tarmac or concrete hardstanding. If such a layer is broken through and the impermeable layer is not replaced, then
the resultant increased penetration of rainwater can result in greater percolation and dispersion of contamination
into the ground and groundwater. In such circumstances the borehole or excavation should be reinstated with an
appropriate low-permeability cover layer of appropriate thickness. Also, in such circumstances, because of the
possible settlement of the backfilled trial pits, a period of maintenance should be incorporated into the site
investigation specification, so that the possible effects of any settlement can be rectified.

6.4 BackKfilling

Each soil-sampling process produces voids where the sample has been removed or access to'theé sampling point
was enabl¢d. These voids can present new migratory pathways which shall be considered, espegcially in
contaminated ground. Big holes and excavations present a hazard to organisms and machines that may fall into
them and may influence the stability of the surrounding ground. If not used for installation of monitoring| devices,
profiling or foundation holes, excavations originated from soil sampling therefore usually must be refilled.

When backfilling trial pits, the excavated material may be used, in which case it should be returned to thg original
depth below ground level, ensuring that any obviously suspect material is buried well below the ground surface.
Where thig method of backfilling could result in suspect material~Coming into contact with apparently
uncontaminated ground, it may be necessary to use clean material for backfilling at least part of the eXcavation.
Measures ghould be taken so that no additional contamination is left at the surface of the site on completjon of the
. It may be necessary to import clean material to form a surface layer over the excavation upon
completion [of the backfilling process. It may also be considered; appropriate to backfill with clean maferial and
dispose of the excavated material off-site to a suitable location:
Local regulgtions and national legislation shall be observed:

When backfilling boreholes where contamination is suspected, it is advisable to grout the borehole to prevent the
possible digpersal of contamination and dispose-of the arisings off-site to a suitable location.

Any surplug excavated material should be collected for safe disposal.

7 Techniques

7.1 Gengral
The selectipn of samplifig'techniques should be guided by the following consecutive questions:

a) What gre the-seil characteristics of interest?

b) What type.of sample is therefore required?

c) What amount of sample is needed for the investigations planned?

d) What precision of results is required and therefore what method can be used?

e) What is the accessibility of the sampling site?

f)  What sampling depth must be reached and what are the basic physical soil characteristics?

Additionally, costs, safety, availability of qualified staff, machinery or instruments, time and environmental aspects

will lead to the final selection of the appropriate sampling technique. The arguments for the final decision should be
documented.

8 © 1SO 2002 — All rights reserved
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Specialized tools and techniques may be required for collection of samples for physical, geological and biological

purposes.

These forms of sampling should be carried out under the guidance of an appropriate expert.

Choices of sampling method include the use of machinery or manual methods. The sampling may be carried out
near the ground surface, at some depth below ground level or from locations deep below the ground surface.
Methods of achieving the desired depth for sampling are by formation of excavations (e.g. trial pits), by driven
probes, or by drilling (e.g. boreholes).

Table 1 gives guidance on the selection of appropriate sampling techniques for the circumstances anticipated in a
site investigation. It is not possible to include all possible circumstances in such a table, and on occasion
judgement will be necessary in determining the most appropriate sampling method.

The mos
This doe
areas of
techniqu
represen

»)
L

The choi
distributi

problemg the site poses to carrying out the investigation.

Samplin

investigafion of selected soil horizons. Gas and water sampling may.also be undertaken for specif

relating
dioxide

groundwater is required. It is recommended that the monitoring over time, of groundwater Hh
hydrogeqlogical and chemical parameters as well as ground composition, is undertaken from cas|
standpipés installed in boreholes. The needs of the sampling strategy should identify the requirements
ion so that the design can be specified in line:with the monitoring needs.

construc

5

fative sample should be adhered to.

ce of sampling method is determined by taking into account all the needs of the investigatio

commonly used methods of sampling and providing access to the sampling point are covéred
not preclude the use of other techniques which are suited to the problems of a partigular Iq
permafrost, nor does it preclude the use of other methods which have been developed
is used, the principles of sample collection and the approach to sampling to lebtain an a

n of sampling locations, size and type of sample (see 5.2), and the ‘nature of the site in

during borehole construction allows the required integrity for the chemical, physical an

the need to acquire information rapidly, for example menitoring the borehole for methane

in annex A.
cation, e.g.
. Whatever
ppropriately

n, including
cluding any

d biological
C purposes
and carbon

r volatile organic compounds and on occasions when ¢he rapid identification of chemical copstituents in

orizons for
ed wells or
of borehole
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Table 1 — Applicability of ground excavation, drilling and sampling techniques

Desi Method of Normal Soil profile |Suitability for ground type| gyjtaple Type of Depth of
etsi:)gnna- Method sample area/ detail Unsuitable | Suitable for below sampling | sampling Comments
extraction diameter mm . N water table possible m
for soil type | soil type
Manual methods
Hand auger Rotary With auger 50 mm to 50 Non- Clay, silt, No Disturbed 0to 2,0 Sampling to
100 mm cohesive cohesive 5,0 m possible in
gravel, sand and cohesive sandy
stones, similar ground
rubble, lumps ground
of material
Hand Digging With Tmx1m 10 Solid All types No Disturbed or Oto1,5 Il unstable
excavation sampling tool concrete or undisturbed grodnd the sides
similar may need
obstruction support
Power-driven gampling holes
Power auger Rotary With auger 50 mm 50 Non- Clay, silt, No Disturbed 0,05 t0 2,0 Sampling to
cohesive |[cohesive and and 5,0 th possible in
gravel, large similar undisturbed cohpsive sandy
stones, ground ground
lumps of
material
Pulse Ramming | With sample 50 mm 25 Gravels, Clay, silt, Yes Disturbed 0,5t0 10
boring/ tool on large stones, | cohesive and
dynamic machine lumps of sand and undisturbed
probe material similar
ground
Multi- Percussion | Various bits > 30 mm 150 to 2 500 [ No natural All types Yes Disturbed 0to 100 Buitable
function obstructions | including and specially in
drill Rotary glacial till'and undisturbed gladgated terrain
bedrock
Pressure
Light cable Percussion | With boring | 150 mm to 100 Obstructionsys Clay, silt, Yes Disturbed 0,5 to 30
tools 250 mm e.g. tyres; cohesive and
wood; sand and undisturbed
concrete similar
ground
Rotary driils Rotary Not possible.| 150 mmto | 300 to 500 Solid All soils No None 1,0 to 40 Stitable for
(Open hole) For borehole [ 500 mm obstructions pas$ing through
formation top layers which
only re not of
interest
Rotary drills Rotary Retrieval of | 150 mm.to || 300 to 500 Solid All soils No None 1,0 to 20
(Core drill) core 500 mm obstructions
Continuous Rotary Not possible [ 150 mmto | 300 to 500 Solid All soils No None 1,0 to 20 Stitable for
flight auger 500 mm obstructions passging through
top layers which
arg of interest
Hollow stem Rotary With 150 mm to 50 Solid All soils Yes Disturbed 1,0 to 20 Sampling down
auger sampling 500 mm obstructions and centre stem with
equipment undisturbed adger in situ
down stem
Driven PresSure Retrieval of [ 30 mm to 10 Solid All soils Yes Disturbed 0to 30 Cofe obtained
probes core 150 mm obstructions and d in situ
undisturbed instruments
possible in some
cases
Machine excavations
Trial pit Digging With 3mto4mx 10 Large solid | All soils and No Disturbed Oto6
sampling Tm obstructions material and
tools undisturbed

7.2 Cross-contamination

Whatever method is used for obtaining the sample, it is important that the sampling system used and the material
from which the equipment is made does not contaminate the sample. This avoidance of contamination includes
avoiding contamination of the sample due to contact with the sampling equipment or containers and also avoiding
the loss of contaminants from the sample by adsorption or volatilization.

10
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The sampling equipment should be kept clean so that parts of a previous sample are not transmitted to a
subsequent sample causing cross-contamination. For agricultural purposes, even with repetitive sampling across a
field to form a composite sample, the sampling device should be cleaned between each location. For geological
and contamination investigations, all sampling equipment should be thoroughly cleaned between each sample.

Contamination of samples due to lubrication used to ease sample collection, or contamination due to lubricants and
oils, greases or fuels due to the machinery used for sampling, should be avoided. If it is necessary to use
lubrication, e.g. water, to ease formation of a borehole to enable sample collection, only lubrication should be used
which will not conflict with nor confound the analysis to be performed on the samples in the sense of matrix effects

or contribution to the contamination.

A hand frowel of stainless steel should be used to place samples into sample containers. The quality of the
stainless|steel should however first be verified to ensure that cross-contamination of the samples Will“hot occur or
interfere with the quality of the analytical data.
The most commonly used methods of drilling, excavation and sampling of the ground provide’ disturbed samples. If
undistured samples are required, special sampling equipment is required and extra, Care should be taken in
collecting such samples.
7.3 Undisturbed samples
If undistyrbed samples are required for soil sampling, these can be taken using, for example, a sampling frame, a
coring topl or cylinder. In each case the sampling device is pushed into-the soil and subsequently remoyed with the
sample so that the soil is collected in its original physical form.
8 Storage of samples
8.1 Ggneral
Methods|of sampling and preservation of samples-for physical, chemical and biological (including micfobiological)
examinafion may differ greatly, therefore storage of samples including method and speed of trangport to the
investigating laboratory should be carried putvin accordance with the requirements of the aim of the investigation
and the dlesired accuracy of the analytical results. It is essential that the laboratory which will perform the analysis
is consulted prior to the commencement of the investigation, in order to ensure that the appropriate profedures are
followed.
It is usudlly preferable to maintain the samples in a cooled condition (below 5 °C) particularly during transport to the
laboratorly, and ideally from\tbe moment of sample collection. Use of recreational coolers for transpprt may not
provide gdequately contrelled conditions.
NOTE See also 1S©-10381-1 and I1ISO 10381-5.
8.2 Sjmple containers

A

8.2 VIIUIG:
For sampling uncontaminated soils, containers made of polyethylene (such as buckets, wide-mouth bottles and
strong bags) may be used, as they are inert, relatively cheap and convenient.

When sampling areas are suspected of contamination, it is essential to ensure that the material of the sample
container is such that the sample remains representative. It is essential that the sample container does not transfer
contamination to the sample, nor should the sample container be capable of absorbing components of the sample,
for example plastics containers may not be suitable where organic contamination, such as pesticides or oils, exists.
Polyethylene bags are generally not suitable for contaminated soils (see 8.2.3 for possible exceptions).
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The container should be securely sealed so that there is no loss of volatile components, such as moisture or
solvents, between collection of the sample and delivery to the examining laboratory and no separation of
components.

Special containers may be required for sampling of organic compounds such as solvents. Screw-capped bottles
and jars are available that can be fitted with suitable closures to prevent loss of contaminant.

Addition of a non-aqueous solvent/liquid, e.g. methanol, may be required to minimize loss of volatile organic
compounds.

Sample containers should always be filled and sealed so that there is minimum free air space. If plastics bags are
used, these can only be made airtight by welding the open end, however the weld is a weak point-which may
readily tear

See also Tqble 2.

Table 2 — Suitability of sample containers

Contamination present Analytical requirements,
|
COntaiper Oils and Oils and Soa\;ednts Volatile [Advantage| Dispdvantage
material Acid Alkaline Solvents Gas Inorgaic organic com-
tars tars
com- pounds
pounds
Hemoving
Plastic bag ++ ++ - - + +a — - - Low cost excess air
Eas|ly damaged
Plastic bucket ++ ++ - - - ++b - - - Low cost -
Wide-mouthed|
glass bottles ¢ ++ - ++ ++ - ++ ++ - - Inert Fragile
(screw-capped
Cost
- AJuminium
?slggwiz?p;zg - - ++ ++ % ++ ++ + + - corftamination
Affected by
agids/alkali
Fluorinated
Coni):ilrilg:re g ++ ++ ++ ++ ++ ++ ++ ++ ++ Inert Costs
PTFE
) . Rusting
Tins with push
fit Iids - - +3 ++ - ++ ++ + + - Affected by
acids

++ Very suitable
+ May be suitpble
— Unsuitable
It is recommended that the analysing laboratory be consulted to ensure that the appropriate sample container is used.

a8  Should not pe used for contaminated land and investigation samples.

b Should not pe used for-eontaminated land and investigation samples if analysis for organic contamination may be required.

¢ For optimurp perfermance when volatile organic compounds are present, may require use of undisturbed sample with solvent such as methanol.
d  Use of PTFE septum may be appropriate.

8.2.2 Sample containers for agricultural purposes

When sampling for agricultural purposes and forming a composite sample from repetitive sampling across an area,
the container for the sample should be big enough to hold all the sample portions collected. A polyethylene bag or
polyethylene or polypropylene bucket is suitable. When bags are used for sampling they should be new. Buckets or
similar containers may be re-used, providing they are carefully washed out. Upon completion of sampling, the
sample should be placed in a suitable container or the sample bag tied so that there is a minimum of air space
associated with the sample during transport to the laboratory. Polyethylene bags, if used, should be protected
against physical damage resulting in loss or contamination of the sample.
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8.2.3 Sample containers for contaminated land

If no other specific requirement exists, the usual sample containers for these purposes are plastic buckets with
fitted lids or strong plastic bags. For most routine work, plastic buckets (polyethylene or polypropylene), with lids,
which can contain approximately 2 kg of sample are recommended. If a larger sample is required, then a heavy
duty polyethylene bag is more convenient provided there is no interaction with the sample nor any volatile
component which may be lost. Care should be taken to prevent physical damage to the bag resulting in loss or
contamination of the sample; use of one bag inside another is a suitable precaution.

In all cases, the container should be filled and sealed so that there is minimum air space. It is essential that the
container chosen does not transfer contamination to the sample nor absorb components of the sample.

If organi¢ compounds are to be determined, it may be necessary to use a more inert container, rather than plastics,
to prevent loss of volatile material or absorption into the sample container. The container should-also bg capable of
being wgll sealed to prevent loss of volatile material. In these situations, wide-mouthed glass contairers, screw-
capped gluminium containers or tins with press-on lids may be used.

Vapour-deal caps should be used where head-space analysis is to be carried out{ Special sample|bottles are
available|for dynamic head-space analysis.

Addition |of a non-aqueous solvent/liquid, e.g. methanol, may be required. to.-minimize loss of volgtile organic
compour|ds.

It is prudent to have available, on-site, different kinds of sample container so that every material that might be
expected according to the contamination hypothesis (see ISO 10384-1) can be properly sampled.

8.2.4 Spmple containers for geological purposes

The samfple containers for geological purposes are the same as those for contaminated land purposés. In many
situationg it may be acceptable to use plastics bags forthe sample container. Strong paper bags and dotton sacks
have als¢ been found to be useful.

8.3 Lapelling

Once a qample is obtained, it should bé.clearly and uniquely labelled. The details given in ISO 10381-[l should be
put on thie label. The sample can be-tabelled, for example, by using tie-on labels, adhesive labels (providing there
is adequpte adhesion of the label’under on-site conditions), writing directly on the sample container, or placing a
label insige the container providing it is suitably protected from the contents.

The labels used should be-rgsistant to external influences on the site (rain, contamination) and to futufe treatment

(abrasion], handling, chémicals). The labels should be large enough to contain all the relevant information in a
legible form.

8.4 Sample.storage

Cooling and’storage of soil samples at below 5 °C is recommended, as this helps to slow down any change or
deterioration in the sample. This can be effectively achieved on site by the use of cold boxes which can also be
used for transporting the samples to the receiving laboratory.

NOTE Recreational cold boxes may not provide adequately controlled conditions.

Care shall be taken, especially in hot and humid climates, if cooling causes condensation of soil gas moisture that
might leach the sample.

Hydrolysis, oxidation, enzymatic and microbial degradation or other loss of organic compounds may not be

sufficiently suppressed at a temperature just below 5 °C. Where such occurrences would adversely affect the
sample, storage at temperatures of less than —25 °C should be used, including during transportation. For transport,
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the temperature of —25 °C may be achieved by the use of dry ice (solid carbon dioxide) packing, or containers with
liquid nitrogen or freezer boxes operated from car batteries.

For undisturbed samples, in addition to the recommendations for cooling and storage, care is required in handling
to ensure that the original soil structure is not disrupted during transport to the laboratory.

9 Sampling report

The sampllng report should contain, |n addltlon to mformatlon on sampling Iocatlon personnel observatlons and
sample ideptification—a—proper—desecription—ofthe—sampling—method—and—sampling—devices—used- e actual
sampling p ocedure dlffered from that orlglnally planned thls also shall be reported including the reasans for that
change.

NOTE $ee also ISO 10381-1, ISO 10381-4 and ISO 10381-5.
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Annex A
(informative)

Manually and power-operated sampling tools

A.1 Small augers
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land-operated auger techniques

5igns of hand-auger samplers are available. The designs have been developed over,many y
rent soil types and conditions. Ease of use depends upon the nature of the ground to be
hand augers are easier to use in a sandy soil than in other soils, particularly Where obstructig
e encountered. In sandy soils, hand augers can be used to sample to a depth-of about 5 m. H
ly used for sampling homogeneous soils, e.g. agricultural soils.

ng hand augers, care should be taken to ensure that the soil is not contaminated by material d
le from higher up the bore either during augering or during withdrawal of the samples. Lining t
with a plastic tube can prevent this cross-contamination.

forms of hand augers to be used for collection of soil samples are those which take a core sa
Auger may be used to facilitate drilling to the requisite depth for sampling, providing it is possi
fo prevent cross-contamination.

by hand augers allows observation of the ground profile and the collection of samples at {
articular care should be taken to obtain representative samples if localized contamination is p¢g

hand auger is to be used to take samples for testing soil for agricultural purposes, and the sarj
bsited, it is essential that the auger.bé capable of consistently collecting the same sample vg
is normally of the near-surface soil approximately 150 mm to 250 mm depth.

pwer-operated auger techniques
ble to obtain augers powered by small motors to reduce the labour required to carry out the sa

to avoid cross-contamination within the bore (see 7.2 and A.1.1) applies to augering equally
augers and hand augers. Powered augers mounted on rough-terrain vehicles are available f
for agricultural purposes.

uld be exercised when using fuel-driven motors because of possible contamination of the sam
, the \lubrication of the motor and the exhaust fumes. Augers powered by electric motors a
hitaize the risk of such contamination.
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A.2 Boreholes

A21 L

ight-cable percussion boring

Light-cable percussion boring general uses a mobile rig with winch of 1t to 2 t capacity driven by a diesel engine
and a tripod derrick of about 6 m height. With many types, the derrick folds down so that the rig can be towed by a
small vehicle (frequently 4-wheel drive).

© I1SO 2002 — Al rights reserved

15


https://standardsiso.com/api/?name=ee8eb5643802a505af40a27a1605df90

ISO 10381-2:2002(E)

The light-cable percussion technique is commonly used for geotechnical purposes, and deep boreholes of over
20 m depth can be constructed. This technique can be of particular use in investigating deep sites such as refuse
tips and other unstable ground.

The ground is penetrated using different tools which depend on the strata, a clay cutter being used for cohesive
soils and a shell (or bailer) for cohesionless soils. Chisels can be used to penetrate very hard ground and
obstructions. The borehole formed by these tools is supported by a steel casing which is advanced as the borehole
proceeds. The casing avoids most of the problems of cross-contamination but the borehole should be cleaned out
each time the supporting casing is driven further into the borehole, before taking a sample.

Depending upon the nature of the ground, the tool can form the borehole in advance of the steel casing being
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A.2.2 Rot

ary drilling

vn the hole, in e.g. clay strata. This often results in material from the side of the boreh
5 the casing is pushed down the borehole. This can result in cross-contamination.

ole is being formed in sands or gravels, particularly in the saturated zone, the stegl-'Casing
place to support the borehole sides before the material is removed with the shellxThis can d
make sampling difficult.

bta, it may be necessary to add water to the borehole to provide lubrication, In this situation mg
sed, if available, and care should be taken with respect to the effects,on-both soil and water
h of water should be recorded on the borehole log and, if appropriate, on-the sample details.

utter and the shell bring up disturbed material from the borehole which is generally s
ve to permit recording of the strata, but care shall be taken,to' avoid misinterpretation due {
bd down within the borehole, for example when the casing is moved. Samples may be colle
py cutter and the shell. The resultant sample size, although larger than obtained by hand
is still restricted.

samples may be collected in cohesive strata and in weak rock (e.g. chalk) by driving a ho
en tube sampler) into the ground and withdrawing the resultant core for examination and anal
isturbed sampling equipment may be preferred, in order to minimize cross-contamination of]
r testing purposes.

bles may be obtained as drilling proceeds and, because the casing of the borehole seals the
rrounding ground as the borehole advances, it is possible to sample water horizons at differe
bl risk of cross-contamination However, water samples truly representative of the grou
installation of an appropriately designed monitoring well.

le atmosphere can be{monitored for gas concentrations as the borehole proceeds or gas sam
p that the profile of thé/ground gas composition can be determined.
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the soil, etc. which has been cut through. The lubricant lifts the debris from the cutting head up the borehole
formed, and ejects the material at ground level. This results in the potential for cross-contamination due to contact
with the ground forming the sides of the hole. This technique is particularly useful for forming a hole quickly in order
to form a deep observation well or for obtaining samples using an appropriate technique at greater depths only.

The uncontrolled ejection of material that can occur with this technique (for instance where air or water is used for
lubrication) can lead to extensive surface contamination when drilling through contaminated ground. This may be
hazardous, both to the investigation team and to the environment.

There are two basic types of rotary drilling, open-hole (or full-hole) drilling in which the drill cuts all the material
within the diameter of the borehole, and core drilling in which an annular bit fixed to the bottom of the outer rotating
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tube of the core barrel assembly cuts a core which is recovered within the innermost tube of the core barrel
assembly and is brought to the surface for examination and testing.

Rotary drilling requires well maintained equipment operated by a specialist driller who has had adequate training
and considerable experience.

A.2.2.2

Open-hole drilling

Material is recovered from the drill hole accompanied with the drilling fluid. It is not suitable for sampling and it is
difficult to observe and record the strata. The method is only suitable for the rapid formation of a hole to enable

samplin

at a greater depth by an alternative method ar for the installation of monitoring wells
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Rotary core drilling

sually carried out using conventional, wireline, or double- or triple-tube core barrels with ¢
tipped core bits. The objective is to achieve optimum core recovery and core quality, consiste
ce of drill and compatible in-hole and surface equipment is most importantif the objecti
. Detailed guidance is beyond the scope of this part of ISO 10381, and advice should be so
ecialist.

entional double-tube core barrel consists of two concentric barrelsi, the outer one is rotated
carries the coring bit at the lower end. The inner barrel does not rotate, and the core cut by th
p into this inner barrel, enabling the core to be recovered when the assembly is brought to the

is only in contact with the drill fluid as it passes through the core bit, however depending upg
re of the requirements of the investigation, this could be“enough to prevent use of the core fi

core barrels are rotated from the surface by, drill rods normally of the same diameter as thq

to an “overshot” recovery tool. This systemis particularly suitable for superficial or weak depd
from the drilling action is minimized due to the close-fitting nature of the rods within the bo
wall is constantly supported during-the drilling process and when recovering the inner core
s quicker and production is improved.

b-core barrels, the non-rotating inner barrel contains a removable sample tube or liner. At the
iner with the core it contains’ is extracted and stored in a core box. This method does not in
but is more likely to preserve the core in its original condition.

pvery, the core should be extruded, preferably in the same direction as it entered the barrel,
d receiving tray. (e.g. plastic guttering), where the strata can be logged and samples taken.
collecting the{core in double-tube and triple-tube core barrels can make the strata logging pr
It seamless 'or plastics liners are useful if the core is required for undisturbed samples.
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A.2.3.1

Driven auger

The driven auger is powered by machine, so that great force can be exerted downwards. The cutter head consists
of one or more 360° spirals, usually with a shallow pitch to prevent ground falling off when withdrawn from the
borehole. The method of forming the borehole is to advance the cutter head approximately 1 m into the ground,
withdraw the head from the hole and spin off the spoil. This process is repeated until the required depth is reached.
This method is not very satisfactory for sampling, because of the potential for cross-contamination, nor is it suitable
for strata logging. The method does enable the relatively quick formation of a large-diameter hole of depth up to
25 m.

Lubrication of the auger is not required, but some dispersal of contaminated material can occur as the spoil is spun
off the cutter head.
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A.2.3.2 Continuous-flight auger

The continuous-flight auger employs a similar system, which consists of a continuous helix welded to a central
shaft. Downward force is again provided by the machine and continuous rotation lifts the ground to the surface from
the base of the hole. This technique is of use in site investigations only to form a hole rapidly to give depth into the

ground, and cannot be used for sampling or strata logging.

Lubrication

A233 H

of the auger is not required.

ollow-stem auger
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stem. The method has been successful on some landfill sites and can{be“used for the installation of gro

i

augers are a form of continuous-flight auger, in which the continuous helix is attachedto
. The drill head is formed of two pieces, the circular outer head and the inner pilot or centre_bit
lug on the hollow shaft and can be withdrawn through the centre of the auger up to the surface

to withdraw the centre bit and plug whilst leaving the auger in place is the principal advanta
auger. Withdrawing the plug provides an open-cored hole into which samplers;undisturbed s
, borehole casing and numerous other items can be inserted to the depth achieved.

any such equipment and replacing the centre plug and bit enables the €ontinuation of the bore

ue provides a fully cased hole and can avoid some of the potential cross-contamination prd
boring. Ground samples are collected by open-drive samplers-of.core barrels inserted down t
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monitoring ells and gas standpipes.

Some versions of the hollow-stem auger allow continuous access to the bottom of the borehole and will permit
percussion drilling or driven sampling through the centre while the hollow-stem auger is actually forming the hole.
The technique allows collection of samples, particularly undisturbed samples, in addition to other downhole testing
and also enables strata logs to be produced.

Lubrication jof the auger is not required.

A.3 Prolbes and drive-in sampling devices

A.3.1 General

There are a variety of techniques utilizing similar principles for forming probe holes for sampling. Thesg involve
driving a hpllow tube, with™or without a driving cone, or a solid bar into the ground, using hydraulic power or
mechanicall| force. Mechanhical forces are normally applied by repeated hammer blows on the end of the probe,

whilst the h

The probe i
achieved b

ydraulic aetion applies pressure on the probe using a vehicle as the jacking point.

5 advanced to the depth where soil, groundwater or soil gas is to be sampled. The depths whig

h can be

these techniques depend particularly on the system and the driving force which can be &g

pplied in

conjunction with the weight of the vehicle. The presence of obstructions may also be a limiting factor. Hand-held
driven probes typically reach 2-metres, van based systems 5 m to 12 m and truck based systems [including cone
penetrometers (CPT)] 25 m to 30 m.

The systems can be used to collect samples at different depths, to rapidly penetrate to the depth at which the
sample is to be taken, or to provide a continuous core.

A.3.2 Probes and window samplers

Percussive window sampling involves driving cylindrical steel tubes into the ground using a high frequency
percussive hammer. Usually the hammer is driven by a hydraulic power pack, but electric and pneumatic hammers
are also available to suit particular site conditions.
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