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— Part 10: Guidance on sampling of waste waters
— Part 11: Guidance on sampling of groundwaters

— Part 12: Guidance on sampling of sediments

Annex A forms an integral part of this part of ISO 5667.



https://standardsiso.com/api/?name=ebc2872218fbd11261a4940b62dda309

ISO 5667-11:1993(E)

Introduction

This part of ISO 5667 is one of a group of standards dealing with the
sampling of specific types of water. It should be read in conjunction par-
ticularly with ISO 5667-1, ISO 5667-2 and ISO 5667-3, which deal re-
spectively, |and in a general manner, with the design of sampling
programmsgs, sampling techniques and the preservation and handling of
samples. The general terminology used is in accordance with that pub-
lished in I§O/TC 147, Water quality, and more particularly with the ter-
minology oh sampling given in ISO 6107-2.
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INTERNATIONAL STANDARD

ISO 5667-11:1993(E)

Water quality — Sampling —

Part/11:

Guidance on sampling of groundwaters

1 Scope

This part of ISO 5667 provides guidance on the design
of sampling programmes, sampling techniques and
the hgndling of water samples taken from
groundwater for physical, chemical and micro-
biological assessment. It does not cover sampling re-
lated the day-to-day operational control of
groundwater abstractions for potable or other pur-
poses, but is concerned with the general surveillance
of groundwater quality. Because of the complexity of
groundyater systems, many specific sampling appli-
cations [will require specialist hydrogeological advice
which gannot be detailed in this part 6f ISO 5667.

A definftion of the purpose of groundwater sampling
is an Issential prerequisitebefore identifying the
principl¢s to be applied to_a-particular sampling prob-
lem. The general purpose,'6f sampling programmes
commonly devised for{groundwaters is to survey the
quality of groundwater-supplies, to detect and assess
groundyvater pollution and to assist in groundwater
resource managément. The principles set out in this
part of |SO 5667 also apply to the following more de-
tailed opjectives:

groundwater duality and to calibrate pnd validate
suitable grotindwater quality models;

d) to develdp an understanding of grounfiwater qual-
ity variations, including those caused bpy deliberate
actions (e.g. variations in groundwater pumping
regimes, groundwater recharge by dffluent, sur-
face clean-up activities arising from cpntaminated
waste disposal sites), in order to achjeve optimal
resource management;

e) to collect data for pollution-cpntrol law-
enforcement.

2 Normative references

The following standards contain provigions which,
through reference in this text, constitufe provisions
of this part of ISO 5667. At the time of puplication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 5667 are encouraged to inyestigate the
possibility of applying the most recent editions of the
standards indicated below. Members of |IEC and ISO
maintain registers of currently valid |International
Standards.

a) to determine the suitability of groundwater as a
source of drinking water or industrial/agricultural
water, and to monitor its quality during supply;

b) to identify, at an early stage, the pollution of
aquifers caused by potentially hazardous surface
or sub-surface activities (e.g. the operation of
waste disposal sites, industrial developments,
mineral exploitation, agricultural practices, changes
in land use);

c) to monitor and understand the movement of
pollutants, in order to assess their impact on

ISO 56667-1:1980, Water quality — Sampling —
Part 1: Guidance on the design of sampling pro-
grammes.

ISO 6667-2:1991, Water quality — Sampling —
Part 2: Guidance on sampling techniques.

ISO 6667-3:1985, Water quality — Sampling —
Part 3: Guidance on the preservation and handling of
samples.

ISO 6107-2:1989, Water quality — Vocabulary —
Part 2.
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3 Definitions

For the purposes of this part of ISO 5667, the follow-
ing definitions apply.

3.1 aquifer: Water-bearing formation (bed or
stratum) of permeable rock, sand or gravel capable of
yielding significant quantities of water.

3.2 consolidated aquifer: An aquifer comprising
material which is compact due to cementation or

stainless steel, or other material incapable of leaching
organic constituents.

4.1.1 Materials for borehole construction

For monitoring borehole casings and screens, suitable
materials are required to avoid modifications to the
chemistry of groundwater samples. Threaded joints
on well casings are recommended, so that glues and
cements do not introduce additional risks of sample
modification. A wide variety of materials are available

COMpressiop-

3.3 grounpdwater: Water which is being held in, and
can usually pe recovered from, or via, an underground
formation.

3.4 well; borehole: A hole sunk into the ground for
abstraction |of water or for observation purposes. A
well is generally of larger diameter than a borehole
and dug rather than drilled. A borehole is often used
for monitoring purposes only and may be lined with
suitable casjng and screened at appropriate depths.

3.5 spring: Groundwater emerging naturally through
the surface [of the land.

3.6 pore water: Water that fills the pores or cavities
within a bodly of rock or soil.

3.7 casing: A solid tube used as a temporary or
permanent [lining for a well or borehole in order to
prevent the ingress of solid aquifer material into the
borehole o to ensure that groundwater only enters
the boreholg at specific depths via a screen.

3.8 screem: A type of lining tube, with apertures,

designed tq permit the flow of water inte-a'well while
preventing the entry of aquifer or filtef pack material.

4 Sampling equipment

4.1 Mataerials

General infprmation<on the choice of materials for
sampling quipment’ and bottles is given in
ISO 6667-2] Polyethylene, polypropylene, poly-
carbonate gnd-glass containers are recommended for
most samphrg-situatiens:

faor use in horehole construction In view of their low
cost, widespread availability and easyn-fhandling,
polypropylene and high-density polyethylene|are rec-
ommended for most groundwater sampling purposes.
However, groundwater that is highly contgminated
with synthetic organic solvents, will attack and cause
deterioration of PVC well casings.and screens|. In such
circumstances, stainless (~steel or polytetra-
fluoroethylene are the materials recommended for
borehole construction because of their resistant, inert
character.

4.2 Types of-apparatus
421 Pumps

A wide variety of pumps, many of which are portable,
arg(suitable for groundwater application. They differ
greatly in their design and pumping capacity] and are
suited to different conditions of borehole congtruction
and sampling depth. Suction lift pumps installed at the
surface cannot lift water from more than B m and
submersible electric pumps are therefore rec-
ommended for most groundwater sampling, plthough
bladder-type pumps may also be useful in Jome ap-
plications, particularly in situations where |samples
must be taken from small diameter boreholes
( < 32 mm), where the use of submersible pumps is
not possible. Suction lift pumps should notf be em-
ployed in situations where sampling is carried out pri-
marily to examine the dissolved gaseous content of
groundwaters.

4.2.2 Depth sampling equipment
Depth sampling equipment (often known ag “thief”

or “grab” samplers) are devices that can be|lowered
into a borehole to collect a sample at a specific depth.

If the biological quality of groundwater is likely to
cause changes in the physico-chemical composition
of the water, as much light as possible should be ex-
cluded by using opaque sample containers.

When sampling groundwater for organic constituents,
contamination of the sample by other organic material
used in the construction of the borehole or present in
the sampling equipment needs to be minimized. This
is especially important where trace levels of organic
constituents are of interest. In this case, it is advisable
to use special equipment manufactured from glass,

Designs differ mainly in their closing mechanism.
Open tube samplers allow throughflow of water and
can be sealed at a specific depth by means of a me-
chanical messenger or electrically operated catch. For
some specific purposes, such as sampling an aquifer
contaminated by an immiscible organic compound, a
sealed depth sampler is preferable. The design used
should be such that no water comes into contact with
the sample container until the device is activated at
the required depth. Where other methods of sampling
are impractical, such as in very deep aquifers fi.e.
greater than 100 m), depth sampling is rec-
ommended.
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Samples of water may also be collected in a bailer
during drilling, to provide crude data on groundwater
quality variation with depth. On other occasions,
where pumping of a borehole is not possible, a simple
bailer, such as a weighed bottle or other open con-
tainer, can be lowered into the borehole to collect a
water sample. The use of a bailer is only rec-
ommended for sampling the surface layer of the
aquifer and is not recommended where other meth-
ods are available.

ISO 5667-11:1993(E)

5 Sampling procedures

5.1 Sampling point selection
5.1.1 General

When using existing boreholes to obtain and gain ac-
cess to ground water, it is necessary to determine
constructional details to define from which strata the
sample is being obtained. When new boreholes are
being constructed specifically for sampling, the design

4.2.3 In-situ sampling devices

These ipclude devices, such as porous cups and
piezometer points, that are permanently installed at a
specific [depth in the aquifer from which discrete
samples|can be collected. These sampling devices are
often installed at different depths in a borehole.
Porous g¢eramic cups may be used in the unsaturated
or saturated zones: to extract water that enters the
porous ¢up, a vacuum is applied through a tube at-
tached tp the cup. Other devices exist that allow wa-
ter to enter through a wire mesh into a sample
chambef that is evacuated by pressurizing with com-
pressed| air. Piezometers (small diameter tubes
screenefl at the end and open to the surface) can
provide [groundwater samples from small diameter
pumps, [or by suction if the water level is close to
ground Jevel. Several piezometers can be sealed at
differenf depths in a single borehole. (See alsg
5.3.1.3))

4.2.4 PRacker systems

Packer $ystems provide a means 0f\extracting water
from sgecific depth intervals within a borehole. The
system|may consist of one ¢rymore sealing devices
which dan be expanded either hydraulically or pneu-
matically, once in positioi-down the borehole, to pro-

vide a peal. A water‘sample is obtained from the .

sealed gection by putniping or by gas displacement.
A variey of systemis are available, some for perma-
nent ingtallation,~the others portable. Packers are not
suitable| for,use'in boreholes with a gravel pack. (See
also 5.3.%:1.)

of the borehole (e.g. the open area and |length) and
the method of construction need to(be’fhosen, not
only to meet the sampling requirement,|but also to
minimize contamination or disturbance of|the aquifer.
The use of degreasants, lubricants, mugls, oils and
bentonite during drilling should be avoiged if at all
possible, particularly when-considering gampling for
organic compounds. Invaddition, care is rlecessary to
ensure that boreholes) completed with a|gravel pack
around a solid casifg and screens at specific levels
are not subjectito short circuiting of aquifer water
from different depths via the gravel pack.|This can be
achieved by, 'sealing the gravel packing ir| the vicinity
of the screéns. Attention should also be given to the
design of borehole installations at the grotind surface,
in order to prevent contamination of the porehole by
surface water.

5.1.2 Surveillance of the groundwater quality for
potable supplies

When monitoring the quality of groundwater supplies
for potable or any other use, all pumped boreholes,
wells and springs should be sampled in ¢rder to pro-
tect the use to which the water is put.|For potable
supply purposes, any national raw water sampling re-
quirements should be referred to for more detailed
advice.

When selecting sampling points for supply surveil-
lance, it is recommended that some bpreholes re-
mote from the abstraction be monitored} in order to
examine the effect of the abstraction on [the dynamic
characteristics of the aquifer (e.g. [the natural
groundwater flow, the variation in thicness of the
saturated zone).

513 Oth

4.25 Pore-water sampling systems

For detailed information about groundwater quality at
different depths in either the unsaturated or saturated
zone of an aquifer, pore-water samples can be ex-
tracted from rock samples obtained from purpose
drilled boreholes. The pore-water is extracted by
centrifugation, or by squeezing in a high-pressure
press. This sampling technique is expensive and is not
recommended for routine monitoring because it re-
quires repeated drilling.

For other sampling purposes, the selection of optimal
sampling points will be more difficult and be directly
influenced by the purpose of sampling, in addition to
the particular characteristics of the aquifer that is be-
ing sampled [e.g. the nature of the groundwater flow
(whether intergranular or fissure), the hydraulic gradi-
ent and the direction of flow]. In these cases, it is
essential to seek specialist hydrogeological advice to
assist in the selection of the most appropriate sam-
pling point(s). The use of existing wells or boreholes
should not be considered unless they can be shown
to be suitable for the purpose of the sampling pro-
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gramme. (In many cases, existing wells and boreholes
may fully penetrate the aquifer and be open, or
screened, throughout their depth, thus making it dif-
ficult to examine quality at specific depths.)

Nevertheless, some generalized guidance can be
given when the objective is to monitor groundwater
for contamination from diffuse or point-source inputs.

5.1.3.1 Diffuse contamination of groundwater

5.2 Frequency and time of sampling

Analytical results from a sampling programme need
to provide estimates of the required information
within the tolerable errors defined in the objectives
of the sampling programme. If the objectives do not
include a definition of the magnitude of the tolerable
error, a statistically based sampling programme is im-
possible. For details of the application of statistical
techniques to the definition of sampling frequency,
refer to 1SO 5667-1.

When designing monitoring networks to identity ex-
tensive difflise-source pollution of aquifers, the use
of existing pampling points in the form of large ca-
pacity proddction boreholes is recommended, as they
can provide|integrated samples from a large volume
r. However, in some cases of localized
sity pollution, the use of this type of

capacity pumped boreholes are recommended. The
part of the gquifer which is most sensitive to pollution
is that near|the boundary between the saturated and
unsaturated| zones. At least one of the sampling
boreholes should therefore have a screen near to the
surface of fhe saturated zone. Other purpose-drilled
boreholes ghould be completed and screened over
different degpth intervals of the aquifer. Sampling
boreholes ghould be located throughout the area of
interest. It |s recommended that sites be chosen to
represent the different hydrogeological and land-use
conditions pnd areas considered to be particularly
vulnerable tp diffuse pollution.

5.1.3.2 Pojint-source contamination of
groundwater

When spedifying sampling points to ;monitor point-
source pollition, such as that arising from a waste
disposal lar|dfill site, it is necessary to consider the
location of the site of the pollution in relation to the
groundwatgr flow direction."Where practical, it is rec-
ommended| that a sampling” borehole to monitor the
quality of the groundwater directly beneath the pol-
lution sour¢e be installed. In addition, at least one
sampling bprehole-should be screened over a narrow
depth rangg immediately below the water table, so
that any pqllufants which are less dense than water

For quality surveillance of potable supplies| (or any
other use-related monitoring activity), .the “temporal
variation in quality at a single point is. the most im-
portant factor. For most determinands, magnthly or
even less frequent sampling wills normally| be ad-
equate when the purpose of sampling is to agses the
suitability of groundwater as(a source of drinking wa-
ter. Refer to I1SO 5667-1 and any national statutory
requirements for general guidance on the assg¢ssment
of sampling frequency-More frequent sampling may
be required to mifimize any public health|risks in
situations where groundwaters are used for| potable
supplies without disinfection.

For objectives other than potable supply survyeillance,
the sampling frequency should be chosen afcording
to .the) variation in quality of the groundwater under
investigation, in both a temporal and spatigl sense.
€hanges in the quality of groundwater arg usually
much more gradual in time and space than [those in
surface waters. In some aquifers, factors pfoducing
seasonal variations in quality exist. In othdr cases,
particularly where groundwater pollution | occurs,
short-term variations of between several hours and
about two days exist in the composition of [samples
obtained during a pumping cycle. These Variations
have to be recognized before a long-term prggramme
is defined.

Continuous monitoring of pH, temperature and elec-
trical conductivity can provide a useful means of
identifying the need to increase or decrgase the
sampling frequency for determinands that must be
characterized by sampling. If continuous mpnitoring
indicates that the rate of quality changes is infreasing,
the sampling frequency should be increased for any
determinands of interest. Conversely, if the rate of
change decreases, or stops, the sampling ffequency

will be more easily detected. Further sampling points
should be located at progressive distances down the
hydraulic gradient from the source of contamination,
and provision should be made for sampling from a
range of depths. Consideration should also be given
to the location of one or two boreholes up the hy-
draulic gradient from the source of contamination, so
that the areal extent of the pollution plume can be
identified. Such boreholes may also be of assistance
to quality control studies, by providing information on
the extent of potential contamination by the sampling
procedure, particularly where the analysis of trace
materials is of interest.

may be reduced.

In cases where there has been a considerable change
in quality of any continuously monitored determinand,
it is advisable to consider also extending the range of
determinands to be routinely analysed, as a pre-
caution.

Continuous monitoring is also a useful means of
identifying the most appropriate time to sample
pumped observation boreholes which are being used
to obtain representative samples of aquifer water.
Where significant variations are recorded [i.e.
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within the pumped discharge], this probably indicates
local transient conditions within the borehole itself
during the early stages of pumping, and sampies
should not be collected until the monitoring suggests
that an equilibrium has been reached. If no significant
quality variations occur, the time at which the sample
is collected after the commencement of pumping
need only be sufficient for the borehole to be purged.
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5.3.1.1 Pumped sampiing

Pumped samples from production boreholes used for
potable or other supplies may comprise a mixture of
water entering the open or screened length of the
borehole from different depths. This sampling method
is, therefore, only recommended where groundwater
quality is vertically uniform or where a composite
vertical sample of approximately average composition
is all that is required, as might be the case when
sampling water abstracted from a borehole for potable

supply—purposes—n-these—cases—depending on the
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5.3.1 Factors affecting representative sampling

In ordel to achieve representative cnmnlmn within an

W oL TTSTInGuve oG

aquifer| the sampling method needs to be capable of
withdrgwing samples whose composition reflects the

+ 1 +ial A ] £ 4+
actuai |spatiai ana temporai ccmposmcn o7 e

groundyvater under study. Since the majority of sam-
pling ppints in aquifers are wells or boreholes, they
will digturb the natural groundwater system, es-
peciallyl as a result of induced vertical chemical and
hydrauljc gradients.

I som nlhim~ altiiatinma matnara 1 darvial
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accumuylate in sampling boreholes between sampling
operatipns. Therefore, the water within the borehole
column| will be unrepresentative of that in the aquifer
under gtudy. Sampling boreholes should therefore be
purged|before sampling, by pumping to waste.a_vol-
ume off water equivalent to at least 4 to 6 times the
internal volume of the borehole itself. In s0me situ-
ations, |it may be necessary to employ twpo different
pumping rates: a short period of high rate pumping
may bg necessary to clear the borghole, followed by
a lowef rate designed to achieve‘\quality stabilization
before sampling.

Vertical stratification in grolGndwater quality may be
natural{or a consequence of pollution. For example,
diffuse| pollution usually results in a more polluted
layer df groundwatér at the top of the saturated
aquifer| whereas_pollutants that are more dense than
water tend toTaccumulate above a less permeable
layer af depth;, or at the base of the aquifer. Sampling
methods_therefore need to be capable of detecting

well-head construction, the water safmgie should be
collected as close as possible tocthe éxit from the

borehole, in order to avoid sampletinstab
(see 5.4).

lity problems

Samples should not be” ‘collected from pumping
borehoies until the pumip,has been runnjng for a suf-

ficient length of time t@remove the stan

ding water in

the borehole column, to ensure that new water is

being drawn directly from the aquifer.

The pumping

time required-Gan be calculated approximately from

the size of the borehole, the pumping

rate and the

hydraulie_¢conductivity but should be mofe accurately

confirmed” by monitoring any changes

in dissolved

oxyden, pH, temperature or electrical conductivity of
thé-pumped water. In these cases, samples should
fot be taken until no significant variations [< + 10 %
in terms of quality (mass/unit volume) dr + 0,2 °C in

terms of temperature] are observed.

However, it

should be noted that, in addition to megsuring surro-

gates such as temperature or electrical

conductivity,

it may often be necessary to measure dleterminands
of direct interest, for example complex| organic ma-
terial in cases of groundwater contamindtion.

The most effective methods of taking
an aquifer in which groundwater qualit
depth are to sample specific aquifer h
specially constructed observation boreh
natively, to sample from sealed sections
In the former, portable pumping equip
used to pump samples from a series o
boreholes in relatively close proximity
pleted and screened to enable samples

gamples from

varies with
brizons using
bles or, alter-
of boreholes.
ment can be
f observation

each com-
to be drawn

from a different depth range of the aquifer. In the lat-
ter, samples are pumped from a sealed section of a
borehole by means of a packer-punp assembly,
thereby providing a means of obtaining a discrete

vertical—as—wett—as—areat—varations T groundwater
quality.

The method of sampling also needs to reflect the
complexities of groundwater flow in that it must take
account of the aquifer flow mechanism (whether
fissure or intergranular), the direction of the flow and
the hydraulic gradients in the aquifer, which can
produce strong natural flows up or down the borehole
column itself. Traditionally, two common sampling
methods are employed, namely pumped sampling
and depth sampling; both have their uses and limi-
tations, which need to be carefully considered when
identifying the scope for their use.

sample of water within a specific depth range of the
aquifer (see 4.2.4). This sampling method is only rec-
ommended for use in consolidated aquifers: it is not
appropriate for use in boreholes completed with a
screen and gravel pack.

5.3.1.2 Depth sampling

Depth sampling consists of lowering a sampling de-
vice (see 4.2.2) into the borehole or well, allowing it
to fill with water at a known depth, and retrieving the
sample for transfer to an appropriate container, where
necessary. This method of sampling is normally only
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suitable for use in observation boreholes that are not
being pumped, although depth samples can be col-
lected from boreholes during pumping if there is clear
access past the pump such as a solid acccess tube
installed for this purpose. Depth samples should
never be collected from within the solid casing of a
borehole, since the water cannot have originated at
the depth at which the sampling device is activated
and, under static conditions, may have altered in
quality due to chemical or microbiological activity.

Even withi

5.4 Transport, stabilization and storage of
samples

Groundwater samples are often taken at sites remote
from laboratory facilities. The manner in which
groundwater samples are stored and handled before
analysis is therefore extremely important, if results
are to be representative of conditions at the time of
sampling. For general guidance on these aspects, re-
fer to ISO 5667-2 and ISO 5667-3, but account should
also be taken of the following specific guidance.

boreholes, degpth sampling can only be of limited value
because natural or induced flows within the borehole
can make the origin of the samples uncertain. Depth
sampling is ¢nly suitable if the origins of the samples
(in terms of the depths of water inflow into the
borehole) arg¢ known. This may be achieved by deter-
mining the depths of water inflow to the borehole and
flows within[the borehole column from interpretation
of downholg logs of temperature, conductivity and
flow under gumping and static conditions.

Where it is pecessary to purge boreholes (see 5.3.1)
from which Hepth samples are to be taken, it is rec-
ommended that the borehole be gently pumped prior
to sampling.| It is not recommended to use an air-lift
pumping deyice for purging operations, since this may
bring about ¢hanges in the chemical equilibrium of the
groundwater caused by the introduction of dissolved
oxygen.

5.3.1.3 Other sampling methods

On occasions when the above sampling methods
cannot be used or are thought to (bg inadequate, it is
recommended that samples from discrete points in
the aquifer ghould be obtained-by one of a variety of
in-situ sampling devices. These include porous cups
or piezometper points fromwhich water is extracted
by vacuum o¢r gas displacement. Several instruments
can be installed in a-single borehole and some of the
devices are |also Suitable for use in the unsaturated
zone. Samples_from partlcular depths may also be
obtained by
tracting water (usually by centrifugation) from son or
rock samples obtained by specialized core drilling. It
provides the most effective method of quantifying
vertical variations in quality and is also a very effective
method of sampling the unsaturated zone. However,
for periodic monitoring it has the disadvantage of re-
quiring repeated drilling and is therefore an expensive
method of sampling. It also has the disadvantage that
it can free water that may not normally be removable
from the aquifer under natural conditions: this tech-
nique should therefore only be used when rec-
ommended following specialist hydrogeological
advice.

The most significant problem in groundwateér sam-
pling is that of obtaining an accurate indicationy of wa-
ter quality in the sub-surface. Problems arise pecause
of the physical and chemical changes’that gccur as
samples are removed from qthe aquifer| Most
groundwater sampling methodsyresult in the [sample
undergoing temperature and.pressure changeg which
can alter such variables as, pH, electrical conductivity,
electrochemical potential;/ sulfide content and dis-
solved gas content (pafticularly oxygen and| carbon
dioxide). In turn cthese changes may alter the
speciation of sofme constituents. Atmospheric|contact
may bring about similar changes and may alsp result
in oxidation,increased microbiological activity, preci-
pitation, volatilization and changes in appeararice (e.g.
colour_and turbidity). When sampling groundwater, it
is important that as many determinations as is practi-
cable are carried out on-site, or as soon as possible
after the sample has been collected. This is|particu-
larly important in respect of temperatute, pH,
electrochemical potential, electrical conductivity, alka-
linity and dissolved gasses (especially oxygen). A
continuous measurement technique is prefergble and
is best carried out using flow-through cell gystems
that prevent contact between the sample and the at-
mosphere.

On-site filtration of samples is recommenfed for
stabilizing samples, particularly where speciation is
under study. A wide range of filtration media|is avail-
able and includes cellulose-based membrane fjiters, in
addition to glass fibre and polycarbonate filfers. No
single medium can be universally recommended, al-
though glass fibre filters have some advantage over
other media of similar pore size (e.g. cellulosg filters),
since they block less frequently yet provid similar
f||trat|on efficiency in terms of particle size rgtention.
groundwater work is 04um to 0,5 um, although
other pore sizes may be preferable, depending upon
the particular sampling purpose and the determinand
of interest. Whatever medium is used for filtration, it
is recommended that subsequent results (following
analysis) be reported as “filterable” species (quoting
the appropriate pore size of the filter) rather than
“dissolved” species. It is particularly important that
on-site filtration of anaerobic groundwater should be
carried out under anaerobic conditions.

In all cases, it should be ensured that sample con-
tainers are delivered to the laboratory in a tightly
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sealed condition, protected from the effects of light
and excessive heat. If this is not done, sample quality
may change rapidly due to gas-exchange, chemical
reactions and the metabolism of organisms. It should
also be ensured that samples which cannot be ana-
lysed within a day are stabilized or preserved. For
storage over short periods, cooling to 4 °C may be
applied; for storage over longer periods, freezing to
— 20 °C is advisable. If the latter technique is used, it
is necessary to ensure that the sample is completely
thawed before use, as the freezing process may have
the effe

chemicals, but care should be taken to ensure that the
chosen| method of preservation does not interfere

with the subsequent laboratory examination (see
ISO 5667-3).

6 Safety precautions

guidance on safety matters is given in
but the following safety aspects
be considered when sampling

during pny sampling operation: one person should
always| remain at the surface in-a position to
summgn assistance if hazardous conditions de-
velop gr if there is any risk to_the person under-
taking the sampling operation ‘in the well.

Where [sampling takesCplace in a confined place
(e.g. within a well, .borehole, well head or base-
ment) the atmosphére should be tested on each
occasign for oxygen deficiency and the presence
of inflammable.'gases, hydrogen sulfide or any
other tpxic gases and vapours that could be pres-
ay even be necessary to carry out these
contamlnatlon of any area surroundlng a
groundwater installation is being investigated.
Suitable protective clothing must always be worn
when undertaking sampling operations, and un-
der no circumstances should any routine sampling
activity continue if safety checks indicate that po-
tentially unsafe conditions exist. If samples have
to be withdrawn in this type of situation, special
procedures will be required which may need to
be agreed upon by the statutory agency respon-
sible for local or national health and safety mat-
ters (e.g. during the use of breathing apparatus
or when sampling in confined spaces).

ISO 5667-11:1993(E)

When dealing with groundwater installations
which are subject to heavy contamination, it is
important to carefully examine all relevant infor-
mation regarding the sources of the contami-
nation, in order to define the nature of the
necessary safety checks. In situations where in-
vestigations must take place close to a source of
heavy contamination, operations should be con-
ducted to windward, if possible, and eating,
drinking and smoking should be strictly prohibited
within the area of mvestlgatlon It may be prudent

medlately after operatlonal work and
at suitable intervals thereafter.

stigators im-
periodically

7 Sample identification and re¢ords

Sample containers ‘should be clearly an
ously marked so.that subsequent anal
can be properlyinterpreted. All details re
sample analysis should be given on a la

H unambigu-
tical results
evant to the
bel attached

to the container, with any other relevan{ information
recordéd on a sample report. When mjany sample

containers are needed for a single sampli
it will usually be more convenient to ider
taihers using a single and unique samp
number and record all relevant sample
sample report. Labels and forms shoul
completed at the time of sample collecti

The details given on any combination of s
and reports will depend on the objective
ticular sampling exercise, but should in
necessary information that will enable a
sampling to take place under identica
Matters which could be considered for in

a) the name and location of the samplin
b) the date and time of sample collectio
c) nature of aquifer and water bearing sf

d) the type of sampling point (e.g. bore
spring);

ng occasion,
tify the con-
le reference
details on a
d always be
bN.

ample labels
s of the par-
clude all the
repetition of

conditions.
clusion are:

j point;

=4

rata,

hole, well or

mensmns)

(e.g. well di-

f) pumping status and depth of pump suction

and/or discharge;

g) water level within the well or borehole;

h) method of sample collection;

i) depth of sampling;

j} sampie appearance at the time of collection (e.g.

colour, clarity and odour);
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k) results of on-site analysis {e.g. pH, dissolved oxy- ny details of any sample storage method
gen); employed/required;
i) detaiis of any sampie preservation techniques o) the name (or initials) of the sample collector
employed;
Annex A pr rovides an example of a report that could
m) details of any on-site filtration used (e.g. filter pore be used in situations where all this sampling infor-
size): mation was collected
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