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ABSTRACT

Sampling is the first operational stage in any water quality monitoring programme. No matter
how good the analytical method is or how carefully the analysis is performed if the sampling is
not carried out correctly then subsequent analytical results will not be representative of the water
body sampled.

Detailed water sampling requirements are specified in ISO 5667. A questionnaire found that no
laboratory, which responded, is currently accredited or in the process of attaining accreditation to
this standard. In general, the procedures and practices in environmental laboratories questioned
fall significantly short of the requirements of ISO 5667, particularly in relation to the
preservation of samples, the documentation of sampling training procedures and the maintenance
of training records.

Information received from the questionnaire indicated similar trends between Limerick County
Council and other Local Authority (LA) laboratories. For example, LA laboratories generally do
not preserve samples, very few analyse quality control field blanks or have considered obtaining
accreditation specifically to ISO 5667. The trends in EPA laboratories are somewhat different
from those in LA laboratories in that all of the laboratories use chain-of custody forms and most
analyse quality control field blanks and preserve samples. The majority of EPA laboratories have
considered obtaining accreditation specifically to ISO 5667, although none are in the process of
doing so.

Current water sampling procedures and practices employed at the environmental laboratory of
Limerick County Council were used, as a case study, to determine the level of work required to
achieve 1SO 5667 accreditation. This study revealed that approximately 80% of the
requirements of ISO 5667 could be implemented using existing facilities provided adequate
resources are allocated e.g. the documentation and implementation of comprehensive sampling
programmes and sampling procedures and the maintenance of detailed records. The
implementation of the remainder of the requirements would however, require specific expertise,
unlikely to be available within most laboratories For example, 1ISO requires that sampling
locations should be assessed for stratification and degree of turbulence. This information could
not be readily obtained using existing resources and therefore external consultants would have to
be employed requiring a significant financial backing.
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INTRODUCTION

Local Authorities and the Environmental Protection Agency (EPA) are primarily responsible for
monitoring and assessing water quality in Ireland. This is primarily done to assess compliance
with specific regulatory requirements.

In order for water quality to be assessed, a monitoring programme must be implemented.
Sampling is the first operational stage in any monitoring programme and is defined as “the
process of selecting a portion of material, in some manner, to represent or provide information
about a larger body of material.” (Crosby, Day, Hardcastle, Holcombe and Treble, 1999)

The importance of the sampling stage cannot be over emphasised. If the sample taken is not
representative, it will not be possible to relate the analytical result obtained to that in the original
water body, no matter how good the analytical method is or how carefully the analysis is
performed.

This study concentrates specifically on the sampling stage of a water quality monitoring
programme and aims to:

1. Review international standards, environmental legislation (and associated implementation
handbooks), Standard Methods (A.P.H.A, 1998) and other relevant literature to identify and
collate the important aspects related to sampling.

2. Obtain information, by means of a questionnaire, with regard to current water quality
sampling procedures and practices in EPA, Local Authority and private laboratories.

3. ldentify the measures and resources required to obtain accreditation to the water quality
sampling standard, 1S05667, using Limerick County Council’s current sampling procedures
as a case study.



1.0 LITERATURE REVIEW

1.1  INTRODUCTION

The monitoring of surface water quality is required to asses it’s suitability for a number of
purposes including the abstraction of drinking water and the support of fish life and other aquatic
organisms. Local Authorities and the Environmental Protection Agency (EPA) are primarily
responsible for monitoring and assessing water quality (as well as the quality of other
environment media) in Ireland.

Local Authorities are required to monitor the quality of surface water under a number of pieces
of legislation including the Local Government (Water Pollution) Act, 1977, Local Government
(Water Pollution) Act 1977 (Water Quality Standards for Phosphorus) Regulations 1998,
European Communities (Quality of Salmonid Waters) Regulations 1988, European
Communities (Quality of Surface Water Intended for the Abstraction of Drinking Water)
Regulations 1989, European Communities (Drinking Water) Regulations 2000,

The EPA are responsible for monitoring surface water quality under the EPA Act 1992 and
Protection of the Environment Act 2003. This legislation also obliges them to publish reports
on the quality of Irish waterways. A number of these reports have been published to date (EPA,
2004; McGarrigle, Bowman, Clabby, Lucey, Cunningham, MacCarthaigh, Keegan, Cantrell,
Lehane, Clenaghan, and Toner, 2002; Stapleton, Lehane and Toner, 2000; Lehane, Le Bolloch,
and Crawley, 2002).

Wastewaters discharged from various sources, for example sewage treatment plants or industrial
facilities, may impair water quality. Local Authorities and the EPA are responsible for
monitoring, assessing and controlling these discharges and their subsequent impact on the
receiving water. This is required under the Local Government (Water Pollution) Act, 1977, EPA
Act, 1992 and EPA Act, 1992 Urban Waste Water (Treatment) Regulations, 1994.

Yet another responsibility of the local authorities is the provision of a safe and wholesome
supply of drinking water. The European Communities (Drinking Water) Regulations, 2000
requires that water ‘be free from any micro-organisms and parasites and from any substances
which, in numbers or concentrations constitute a potential danger to public health.’



In order for water quality to be determined, a monitoring programme must be implemented.
The main elements of a monitoring programme include:

a) ldentification of specific objectives of the programme.

b) Sampling.

c) Sample analysis and interpretation.

This study concentrates specifically on parts aand b above. The other elements are discussed in
detail by other workers (Crosby et al., 1999; Anon., 1998 and Butler, Carty, Kelly and
Lehane,1995).

The specific objectives of a monitoring programme will be determined by the nature of work
being carried out e.g. these objectives may be the establishment of baseline monitoring results or
assessing compliance with specific legislative requirements or specific licence conditions.

Sampling is the first operational stage in any water monitoring programme. Sampling is defined
as “the process of selecting a portion of material, in some manner, to represent or provide
information about a larger body of material.” (Crosby et al., 1999). The importance of the
sampling stage in a water quality monitoring programme cannot be over emphasised. If the
sample taken is not representative, it will not be possible to relate the analytical result obtained to
that in the original water body, no matter how good the analytical method is or how carefully the
analysis is performed.

In order for sampling to be carried out correctly, sampling procedures are necessary. A sampling
procedure is a set of instructions that must be followed when sampling. They are designed to
give credibility to data by ensuring that the same procedures are followed each time sampling is
performed. Procedures for sampling are generally less well documented than for analytical
procedures. This is due to the difficultly in specifying universal sampling procedures which are
applicable to each set of conditions at each sampling location The use of various sampling
procedures has been investigated by many workers (Anon., 1998; ISO, 1998; 1SO, 1992; I1SO,
1991; ISO, 1990; ISO, 1987; NSAI, 1994; NSAI, 1996) and a number of sampling guidelines do
exist. These include ISO 5667, Standard Methods for the Examination of Water and Wastewater
(Anon, 1998) and ISO 17025. In addition, sampling guidelines are provided in various pieces of
environmental legislation and associated implementation handbooks.



This Section attempts to review the various sampling guidelines in relation to sampling
procedures. Before doing so, an overview of these guidelines is provided.

1.2 SAMPLING GUIDELINES

1.2.1 1SO 5667

ISO 5667 is the most comprehensive guideline that exists in relation to water quality sampling.
The various parts of the standard were prepared by ISO (the International Organisation for
Standardisation), which is a worldwide federation of national standards bodies. The work of
preparing ISO 5667 was carried out through various 1SO technical committees.

ISO 5667 is comprised of a number of parts under the general title - Water quality - Sampling.
These parts are;

Part |: Guidance on the design of sampling programmes

Part 2: Guidance on sampling techniques.

Part 3: Guidance on the preservation and handling of samples.

Part 4: Guidance on sampling from lakes, natural and man-made.

Part 5: Guidance on sampling of drinking water and water used from food and beverage

processing.

Part 6. Guidance on sampling of rivers and streams.

Part 7. Guidance on sampling of water and steam in boiler plants.

Part 8 Guidance on sampling of wet deposition.

Part 9: Guidance on sampling from marine waters.

Part 10: Guidance on sampling of wastewaters.

Part 11: Guidance on sampling of groundwaters.

Part 12: Guidance on sampling of industrial cooling water.

Part 13: Guidance on sampling of sludges and sediments.

Parts 1, 2 and 3 of this standard have been adopted as Irish standards, 1.S. EN 25667-1: 1994;
I.S. EN 25667-2: 1994; 1.S. EN ISO 5667-3:1994, respectively



1.2.2 Standard Methods for the Examination of Waters and W astewaters

Standard Methods specifies methods and techniques for the sampling and examination of many
types of samples encountered in the assessment and control of water quality and water pollution.
A Joint Task Group is established for the approval of each method. The twentieth edition is the
most recent edition in which significant revision occurred, from the previous, in the section on
sampling.

1.2.3 1SO 17025

ISO 17025 (General requirements for the competence of testing and calibration laboratories)
contains very detailed guidelines in relation to the testing of samples but contains very general
guidelines in relation to sampling. Requirement 5.6 of ISO 17025 requires a laboratory to have a
sampling plan, procedures for sampling, and procedures for recording relevant data but does not
specify what detail each of these should contain. ISO 17025 replaced the standard EN45001 in
1999. EN45001 did not specify any requirements with regard to sampling.

1.2.4 Environmental Legislation and Associated Implementation Handbooks
Most pieces of environmental legislation (e.g. EPA Act, 1992, European Communities (Drinking
Water) Regulations, 2000, European Communities (Water Policy) Regulations, 200 etc.)
require the taking of samples for monitoring purposes and in maost cases make reference to
sampling procedures. The EPA issue handbooks to local authorities on the implementation of
such legislation. These implementation handbooks, formerly issued by the Department of
Environment, give guidance, inter alia, on sampling procedures. A number of implementation
handbooks relevant to sampling exist. These include:
ENV 1581 (27t February 1981), Local Government (Water Pollution) Act, 1977 -
Guidelines on sampling and analysis of waters and effluents.
European Communities (Quality of Surface Water Intended for the Abstraction of
Drinking Water) Regulations, 1989: A handbook on implementation for sanitary
authorities (Department of Environment, September 1990)
The Environmental Protection Agency Act, 1992 (Urban Wastewater Treatment)
Regulations, 1994: A handbook on implementation for sanitary authorities (EPA, 1996)
European Communities (Drinking Water) Regulations, 2000 - A handbook on
implementation for sanitary authorities (EPA, 2003).



1.3 SAMPLING PROCEDURES

The principle objective of water sampling is to collect a volume of water that adequately
represents the relative concentrations of all components present in the water or wastewater being
sampled (NSAI, 19946). In order that this objective be met, the development of a sampling
procedure is crucial. Sampling procedures are task specific since they depend on the type of
medium being sampled, the proposed method of sampling, the equipment used, the intended use
of the sample and data recording procedures (Anon., 1998; NSAI, 1994b). Each laboratory
should produce a sampling manual that includes the procedures and precautions to be adopted
for each parameter or group of parameters of interest (Flanagan et al, 2003; ISO, 1998; NSAI,
1994a). This procedure should include information on sampling location, sample type, sampling
method, sample collection and sample storage and preservation. It is important when
documenting a sampling procedure to ensure that all of the terms used are clearly defined so that
the procedure will be clear to other users (Working Group CITAC & EURACHEM, 2002).

1.3.1 Sampling location

The exact sites chosen for sampling must provide samples that are either representative of the
whole aquatic system (in the case of river catchment monitoring) or of a particular problem area
(in the case of a pollution investigation). In either case sample locations are best chosen using
local knowledge (Crosby and Patel 1995 and Galal-Gorchev and Lewis, 1984).

Anon., 1998 state that sampling points should be fixed by detailed description in the sampling
plan, by maps, or with the aid of stakes, buoys or landmarks in a manner that will permit their
identification by other persons without reliance on memory or personal guidance. This will
make it easier to repeat the sampling at a later date and also may assist in drawing conclusions
from the test results. Global positioning systems (GPS) can also be used to supply accurate
sampling position data. (Working Group CITAC & EURACHEM, 2002)

Sampling location is dealt with in a very general sense in environmental legislation. For
example;
Article 6 (1) of the European Communities (Quality of Surface Water Intended for the
Abstraction of Drinking Water) Regulations, 1989 states. “that a sanitary authority shall
regularly monitor the quality of surface water, and for this purpose samples shall be taken for
analysis at the point or points at which the water is abstracted prior to treatment’.



Article 10(1) of the Environmental Protection Agency Act, 1992 (Urban Waste Water
Treatment) Regulations, 1994 states that; “A sanitary authority shall carry out, cause to
be carried out, or arrange for, the monitoring of:

(@ discharges from urban wastewater treatment plants in accordance with the procedures
set out in the Fifth Schedule to the Regulations.

(b) waters subject to a discharge from an urban waste water treatment plant where it can
be expected that the receiving waters will be significantly affected.”

Article 6 of the European Communities (Drinking Water) Regulations, 2000 states “A
sanitary authority shall ensure that the parametric values specified are complied with in
the case of:-

(@water supplied from a distribution network, at the point within a premises or an
establishment, at which it emerges from the tap or taps that are normally used for the
provision of water for human consumption.

(b) water supplied by a tanker, at the point at which it emerges from the tanker.”

The difficulty in selecting a sampling location has been recognised by the Department of
Environment in the implementation handbook published with respect to the European
Communities (Quality of Surface Water Intended for the Abstraction of Drinking Water)
Regulations 1989. In this document it was stated that “/As actual conditions e.g. accessibility of
site, immersion depth of sample intake pipe, distance from lake shore/bank of actual inlet, and so
on, will vary from case to casg, it is not possible to specify a definitive sampling procedure”.

The draft implementation handbook published, by the EPA, with respect to the European
Communities (Drinking Water) Regulations, 2000 requires that a monitoring programme set out
each point a which drinking water samples are to be taken for particular parameters and that
these points should be selected at random.

ISO 5667 provides more detailed guidelines in relation to sampling locations for rivers, lakes,
drinking waters and waestewaters. For example, when sampling from rivers the following
guidelines should be adhered to;

Samples should preferably be taken where marked quality changes are likely to occur or

where there are important river uses.

Sample should be taken where flow data is available.



Sampling of weirs or small discharges that are only very local in effect should be
avoided.
If only one sample can be collected, take it in the middle of the main channel of the stream
and at mid-depth.
If monitoring the effects of a discharge at least two sites are necessary, one just upstream of
the confluence and the other sufficiently downstream to ensure mixing is complete.

(NSAI, 1994a), (1SO, 1990)

With regard to lake monitoring, the exact sampling locations can only be properly decided after
detailed preliminary investigations using a large number of sampling locations. This will
provide the information to which statistical analysis may be applied (ISO, 1987). In the case of
drinking water, sampling points should be at different locations and in particular from the end of
the distribution system (ISO, 1991). Wastewaters samples should be taken where the wastewater
is well mixed and representative of the entire flow (ISO, 1992).

1.3.2 Sample type

The method of choosing a representative sample should be governed by the purpose of the
sampling and by the general physical conditions of the waters of interest. A number of different
sample types exist. These include grab samples, composite samples and integrated (discharge-
weighted) samples

1.3.2.1 Grab sample.

Grab samples are single samples collected at a specific location over a period of time (typically
seconds or minutes). These samples represent only the composition of the source at the time and
place of collection. The use of grab sampling is best applied when the composition of the
waterwastewater under investigation is fairly constant both spatially and temporally, or where
the objective of a sampling programme is to estimate compliance with a specific standard not
related to average quality i.e. conditions attached to a discharge licence issued under Local
Government (Water Pollution) Act, 1977 and 1990 or EPA Act, 1992.

Grab samples should always be used for parameters whose concentrations are susceptible to
being changed relatively rapidly in the interval between sampling and analyses because of
physical, chemical or biological reactions e.g. parameters such as pH, temperature, cyanides,
total phenols, residual chlorine, oils, fat, grease and faecal coliforms (Carty, O’Leary, Donlon



and Henry, 1998 and Anon., 1998). In the case of river and lake sampling, grab samples are
acceptable for quality characterization over a long period of time. Grab samples are the only
relevant types of sample for monitoring drinking water quality (NSAI, 1994)

1.3.2.2 Composite samples

Composite samples are obtained either manually by combining portions of multiple grab samples
or automatically by using specially designed sampling devices. Composite samples taken
manually are done so at pre-determined time intervals e.g. hourly, over the specified sampling
period. The volume of each sample taken is accurately measured to ensure the same volume is
taken at each sampling time. The samples taken are then mixed manually normally using a large
container. The sampling period for composite samples should be long enough to reflect the
normal variations in quality (Anon., 1998; NSAI, 1994a; ISO, 1992)

Automatic composite samplers may be either time dependant or volume dependent. Time
dependent samplers collect a predetermined sample volume at a number of pre-determined time
intervals. Volume dependant samplers also collect samples at pre-determined time intervals
however, the volume collected is proportional to the flow at the time of sampling.

Composite samples are best suited to situations where information is required on the average
composition of a water/wastewater over a given period of time. They should not be used where
information is required on transient peak conditions as information on the time and duration of
occurrence will not be apparent. If pollutants peak for only short periods at a time, taking
composite samples will result in the potential dilution of the parameters of interest, perhaps
below limits of detection.

Where composite samples are used, it should be verified that the parameters of interest do not
vary significantly during the sampling period due to, for example, increased interactions between
analytes or an increase in potential analytical interference (Anon., 1998 and NSAI, 1994).
Composite sampling is unsuitable for certain unstable parameters such as oil and grease, acidity,
alkalinity, carbon dioxide, chlorine residual, iodine, nitrate, volatile organic compounds,
dissolved oxygen, temperature and pH, particularly where quantitative values are required.
Changes in these components may produce secondary changes in certain inorganic constituents
such as iron, manganese, alkalinity or hardness (Anon., 1998).



Composite sampling is required under certain legislation. For example, the EPA Act, 1992
(Urban Waste Water Treatment) Regulations, 1994 require that ‘Flow-proportional or time-based
24-hour samples shall be collected at the same well-defined point in the outlet and if necessary in
the inlet of the treatment plant, in order to monitor compliance with the requirements for
discharged waste water specified in these Regulations’ Composite sampling of wastewaters is
also required under ISO 5667-10 (I1SO, 1992). Composite sampling is generally not
recommended for drinking water (ISO, 1991)

1.3.2.3 Integrated (discharge-weighted) samples

Integrated samples are obtained by combining portions of grab samples collected from different
points simultaneously, or as nearly so as possible. This is done using discharge-weighted
methods such as equal-width increment (EWI) or equal-discharge increment (EDI) procedures
and equipment (Anon., 1998, Carty et ai, 1998, Crosby et al., 1995). An example of the need
for integrated sampling occurs in a river or stream that varies in composition across its width and
depth. Preparation of integrated samples usually requires equipment designed to collect a
sample of water uniformly across the depth profile. Knowledge of the volume, movement and
composition of the various parts of the water being sampled is generally required. The collection
of integrated samples is a complicated and specialised process. (Anon., 1998). Neither ISO 5667
nor environmental legislation or associated implementation handbooks make any
recommendation requiring integrated samples to be taken.

1.3.3 Sampling methods

The sampling method used must ensure that the sample will be handled in such a way that no
significant changes in composition occur before analyses is carried out. A number of different
sampling methods exist. These include manual sampling, automatic sampling and sorbent
sampling.

1.3.3.1 Manual sampling

Manual sampling is normally used to take grab samples. It occurs when samples are physically
taken at a given time by an individual into an appropriate sample container. Details on the
taking of grab samples from rivers and drinking water systems are provided in ISO 5667.
Although manual sampling involves minimal equipment it does require trained field technicians
and this may prove unduly costly and time-consuming for routine or large-scale sampling
programmes. Manual sampling is often necessary for regulatory and research investigations for

10



which critical appraisal of field conditions and complex sample collection techniques are
essential (Department of Environment, 1981).

1.3.3.2 Automatic sampling

Automatic samplers are used where a number of individual samples or a composite sample is
required over an extended period of time e.g. 24 hours. Automatic samples are taken using
specialised equipment, which consists of a sample pump, sample line and sample container(s).
Details in relation to the selection of automatic samplers are provided in 1ISO 5667 (I1SO, 1992)
Once the sampler is preset, it is left at the sampling site and will take the specified volume of
sample at the specified times. The samples are either composited immediately or collected in
separate containers for subsequent analysis or compositing.

Automatic sampling has a number of advantages over manual sampling. For example, human
errors associated with manually compositing samples are often reduced, labour costs are lower
and more frequent sampling is possible.

1.3.3.3 Sorbent sampling

Sorbent sampling involves the use of a special sorbent material to capture the pollutant of
interest. This sorbent is retained within a container known as a sorbent tube. The water being
sampled is pumped through the sorbent material, usually, with the aid of a pump. The sorbent
material used must have a high affinity for the pollutant of interest. The capture of pollutants
directly onto a sorbent material in-situ eliminates the need for collecting and transporting water
samples to the laboratory. Instead, the sorbent material together with the captured pollutants is
retumed to the laboratory for analysis. A knowledge of the volume of water drawn through the
tube together with the analytical determination of the concentration of pollutant retained on the
sorbent will determine the concentration of the pollutant in the waterbodly.

Sorbent sampling is useful when the parameter of interest is present only in trace amounts.
Sorbent sampling offers advantages of rapid, inexpensive sampling when the analyte of interest
is readily adsorbed and desorbed from the sorbent. The water sampled must be free of
particulate matter since these tend to plug the sorbent. 1SO 5667 recommends the use of sorbent
sampling for virological sampling.



1.3.4 Sampling equipment.

A variety of equipment is used for sampling waters and wastewaters including samplers and
sample containers. Samplers may be a bucket or long-armed sampler with liquid holding device
or an automatic sampling device. Sample containers are discussed in Section 2.3.5 below.
Portable field meters such as pH, conductivity and D.O. meters are also used when monitoring
water quality in situ.

The sampling equipment used must be suitable to site location and the sample to be taken (NSAI,
1994). It must be such that it will not contaminate the sample from its constituents or through
lack of cleanliness. Sampling equipment must be constructed from a suitable material and be of
adequate strength suitable for the purpose. It is also important to ensure that the sampling
equipment and containers are mutually compatible. Sampling equipment should be cleaned,
prior to use, with detergent and water (ISO, 1992; Crosby and Patel, 1995; Anon., 1998).

1.3.5 Sample containers

Sampling containers are required in order to transport the water sample from the sample location
to the laboratory. Crosby and Patel (1995) and ISO 5667 (ISO, 1992) state that the nature of the
sample should not be altered by the sampling container. To this end sampling containers should
have the following characteristics - high resistance to breakage, good sealing efficiency, ease of
re-opening, good resistance to temperature extremes, practicable shape and mass, good potential
for cleaning and re-use and low cost. The particular type of sampling container to be used will
depend on the analyte of interest, preservatives (if any) being used and the possibility of
adsorption/desorption and leaching. Some analytes may be constituents of the sample container
e.g. sodium is a constituent of glass and some metals may be a component of plastic. Desorption
of these constituents from the sample container may result in artificially elevated results for
some analytes.

Prior to sampling, the sampler should ensure that the sample container is clean, free of
contaminants and pre-prepared as per the required analytical method. (Flanagan et al., 2003;
Anon., 1998; NSAI, 1996; ISO, 1987 and Department of Environment, 1981). Sample
containers should be tested to ensure that they are free of analytes of interest, especially when
sampling and analysing for very low analyte levels (Anon., 1998).
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There are two main types of sample containers used. These are glass and plastic.

1.3.5.1 Glass containers.

Glass bottles may be clear or bronn. They may be made of soda glass or borosilicate glass.
Borosilicate glass, such as pyrex bottles, have a greater resistance to heat and chemical attack
than soda glass.

Although glass is generally thought of as an inert material, it may not be suitable for some
samples. For example, sodium, potassium and boron are major constituents of glass. The use of
glass bottles for the storage of samples, intended for analysis of these parameters, is not
recommended as they may be leached from the bottle to the sample in the interval prior to
analysis. Soda-glass bottles are unsuitable for the storage of poorly buffered waters (i.e. those of
low conductivity or alkalinity).

A number of workers specify that glass containers should be used for phosphates, oil and grease,
hydrocarbons, detergents and pesticides. (Anon., 1998 and Crosby and Patel 1995).
Bacteriological sampling also requires the use of glass bottles, with a minimum capacity of
250ml. These bottles should be capable of withstanding temperatures used in sterilisation
procedures. (Flanagan, 1990a and Flanagan et al., 2003).

1.3.5.2 Plastic containers

Plastic bottles may be made of polypropylene or polyethylene. Polypropylene bottles are more
durable than polyethylene bottles. Plastic bottles have a number of advantages over glass bottles
e.g. they are generally resistant to breakage and are considerably cheaper to buy. Plastic bottles
are suitable for most aqueous samples except if organic micro-pollutants, such as pesticides and
phosphates, are to be determined. (Crosby et al., 1999; Department of Environment, 1981; and
Flanagan et al., 2003).

1.3.6 Sample Volume

The volume of sample to be collected depends on the number and types of analyses to be
performed. The volume must be small enough to be transported conveniently and yet large
enough for analytical purposes. There should be sufficient sample volume in an appropriate
container to allow for sample handling, storage and preservation requirements. A sample volume
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of one litre is usually sufficient for most physical and chemical analyses (Anon., 1998).
Reference should be made to the relevant International Standards for the volumes required for
each analytical method. (NSAI, 1994b)

1.3.7 Time of sampling

If a water body exhibits predominantly random variations in water quality then the timing of
sampling is generally not important. Timing of sampling is however important where a water
body exhibits definite trends in water quality. These trends may be systematic (e.g. similar most
of the time) or cyclic (e.g. follow a know trend over a period of time). If cyclic variations occur
then the timing of sampling must ensure that the whole cycle is represented and maximum
concentrations of analytes are sampled. Sample times should be spaced approximately equally
over trend periods. (NSAI, 1994a)

1.3.8 Sample collection

The manner in which the sample container is filled should be taken into account to ensure that
the sample collected does not undergo significant changes in the interval between sampling and
analysis. (Anon., 1998). Samples taken from rivers and streams should be collected beneath the
surface in quiescent areas. The sampling container should be opened below the water surface
with the mouth directed toward the current. This avoids collecting surface scum.  Samples
should be taken at the water surface where oil and grease are the constituents of interest. (Anon.,
1998)

In contrast to the above NSAI, 1994 specifics that samples, ideally, should be taken from
turbulent, well-mixed liquids and whenever possible turbulence should be induced in flows that
are streamlined. NSAI 1994 does state however that sampling in turbulent areas does not apply
to the collection of sample whose concentration may be altered by induced turbulence eg.
dissolved gases and volatile materials. NSAI, 1994 also specifies that when sampling physical
and chemical parameters, it is often sufficient to immerse an open-mouthed vessel (e.g. a bucket
or can) just below the surface in order to collect the sample. In situations where it is necessary to
sample at specified depths other sampling devices (e.g. a weighted bottle with removable stopper
or plunger device) may be used.
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Opinions differ among workers in relation to the rinsing of sampling containers. The
Department of Environment Implementation handbook (1981) states that sampling bottles should
be rinsed out two to three times prior to sampling. Flanagan (1990) states that the sampling
container should be rinsed out with the liquid to be sampled before the actual sample is taken
except in the case of microbiological sampling. Anon., (1998) specify that containers should not
be pre-rinsed with sample as pre-rinsing results in loss of any pre-added preservative and
sometimes can bias results yielding artificially high concentrations when certain components
adhere to the sides of the container. ISO 5667 does not specify any requirement with regard to
the pre-rinsing of containers.

Sampling containers should be filled to the brim for most organic compound determinations e.g.
BOD, ammonia, iron, and manganese. (Flanagan et al., 2003; Flanagan et al., 2002; Anon.,
1998; NSAI, 1996 and Crosby and Patel, 1995). In the case of microbiological sampling,
samples should not be filled to the brim but allowed a space for aeration purposes (Flanagan et
al., 2003; Flanagan et al., 2002; Anon., 1998; Crosby and Patel, 1995; ISO, 1994/?).

The collection of samples for microbiological analysis requires extreme care in order to prevent
contamination by micro-organisms other than those of interest. (Flanagan et al., 2002; 1SO,
1991; Flanagan, 1990a; Hammer, 1986 and Galal-Gorchev and Lewis, 1984).

1.3.9 Sample preservation

Waters and waste waters, are susceptible to being changed to differing extents as a result of
physical, chemical or biological reactions which may take place between the time of sampling
and analysis. (Flanagan et al., 2002; Anon., 1998; Bartram, Makela and Makela, 1996). The
nature and rate of these reactions are often such that if the necessary precautions are not taken in
the interval between sampling and analysis the concentrations determined will be different from
those existing at the time of sampling.

There are many reasons why a water sample may undergo physical, chemical and/or biological
reactions. These include;
Bacteria, algae and other organisms can consume certain constituents present in the samples
and/or modify the nature of the constituents to produce new constituents. This biological
activity may affect dissolved oxygen and carbon dioxide levels. It may also affect, nitrogen,
phosphorus and sometimes silicon concentrations (Anon., 1998 and NSAI, 1996).
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Certain compounds can be oxidized by the dissolved oxygen contained in samples or by
atmospheric oxygen e.g. organic compounds and iron(ll), sulphides (Flanagan et al., 2003
and NSAI, 1996).

Certain substances can precipitate out of solution or be lost to the vapour phase e.g. oxygen,
cyanides, and mercury (NSAI, 1996).

pH, conductivity and carbon dioxide levels can be modified by the absorption of carbon
dioxide from the air (NSAI, 1996 and Galal-Gorchev and Lewis, 1984).

Dissolved metals, metals in the colloidal state and certain organic compounds can be
adsorbed or absorbed irreversibly onto or into the sampling containers or solid materials
contained in the samples (Anon., 1998 and NSAI, 1996)

An increase in temperature (even if slightly elevated above ambient temperatures) can favour
microbiological activity. This may cause changes in sample composition (Flanagan et al.,
2003 and NSAI, 1996).

Prompt analysis is undoubtedly the most positive assurance against error due to sample
deterioration. When the interval between sample collection and analysis is long enough to
produce changes in either the concentration or the physical state of the constituent to be
measured, water samples should be preserved. A preservative is an additive, which will retard
biological, chemical or physical changes in the target analyte. A suitable preservative should not
interfere with the subsequent analytical determination or have its effects countered by the
chemistry of the test method (Crosby and Patel 1995 and Flanagan, 1990b). The most common
methods of preservation are acidification, filtration or cooling/freezing.

Acidification is normally used for the preservation of metals, ammonia, total phosphorus, oil and
grease. The sample is normally acidified to pH <2 using a suitable concentrated acid (such as
sulphuric acid or nitric acid) which is added to the sampling container either prior to leaving the
laboratory or at the sampling location. The amount of acid to be added should be determined
beforehand on a separate sample and then the same relative amount of acid added to all samples.
Ultra-pure acid preservative should be used to prevent contamination. The dilution caused by
acidification should be negligible or sufficiently reproducible to apply an appropriate correction
factor (Flanagan et al., 2002; Anon., 1998; NSAI, 1996; I1SO, 1987 and Department of
Environment, 1981).
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Sample filtration is necessary if the analyte of interest is dissolved in solution e.g. heavy metals.
Filtration should take place in the field, if possible. If carried out in conjunction with
acidification then filtration should be performed first (Anon., 1998 and Crosby and Patel 1995).
Care must be taken to ensure that the filter used is not a cause of contamination and is carefully
washed before use (Anon., 1998)

Cooling is used for the preservation of samples for BOD, conductivity, suspended solids,
sulphates and microbiological analysis. Cooling or freezing of samples is only truly effective if
it is applied immediately after sampling. This necessitates the use of cool-boxes or refrigerators
in vehicles at the sampling site. In most cases, cooling to temperatures of less than 4°C is
sufficient to preserve samples during transport to the laboratory and for a relatively short period
of time afterwards. Cooling is not considered as a means of long-term storage.

Freezing to temperatures of less than 20°C allows an increase in the period of storage however, it
Is necessary to control the freezing and thawing technique fully in order to retum the sample to
its initial equilibrium after thawing. (Crosby and Patel 1995 and NSAI, 1996).

There is no “catch-all” preservative that is suitable for a wide range of parameters. In some
instances the use of a particular preservation technique for one analyte may prove determinantal
to the analysis of another analyte. For example, samples preserved with nitric acid cannot be
analysed for pH, acidity, alkalinity or nitrate. The use of preservatives for a range of analytes
and sample types are discussed in a number of publications including Flanagan et al., 2003;
Flanagan et aL, 2002; Anon., 1998; NSAI, 1996 and Flanagan, 1990.

Quality control tests must be performed on the chosen method of preservation to ensure that
there is no significant difference between the result of an analytical determination carried out
immediately and the result obtained after preservation. The time elapsed between sampling and
analysis should be recorded together with the name of the preservative added (Anon., 1998;
Carty et al., 1998; NSAI, 1996 and ISO, 1990).

Sample preservation is a requisite of a number of pieces of legislation and associated
implementation handbooks. For example, the EPA Act, 1992 (Urban Waste Water Treatment)
Regulations, 1994 states that ‘good international laboratory practices aiming at minimizing the
degradation of samples between collection and analysis shall be applied’- (Fifth Schedule
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Paragraph 2). The associated implementation handbook (EPA, 1996) states that each hourly
sample portion taken (Whether of influent or effluent) should be stored immediately under
refrigeration, until the 24-hour composite sampling period is completed. It is recognised in the
handbook, however, that it would be unreasonable to expect sanitary authorities to
retrospectively equip all their treatment plants with two refrigerated flow-proportional samplers,
especially in the case of smaller works where less frequent sampling is required.

European Communities (Quality of Surface Water Intended for the Abstraction Drinking Water)
Regulations, 1989 states that sample preservation should not significantly affect the values of the
results obtained from samples.

1.3.10 Sample label and field records

The sample label and field records are an important aspect of documentation and should
unambiguously link a sample to related plans or notes. Labels must be firmly attached to the
sample packaging and where appropriate, be resistant to fading, autoclaving, sample or reagent
spillage and reasonable changes in temperature and humidity (Working Group CITAC and
EURACHEM, 2002).

Every bottle should be identified with a unique sample number, preferably by attaching an
appropriately inscribed tag or label using a waterproof ink. Sufficient information should be
documented to provide positive sample identification at a latter date. If there is insufficient
space for all pertinent information on the label, the information should be recorded in a bound
field logbook at the sampling site at the time of sample collection (Anon., 1998; I1SO, 1992; ISO,
1991; ISO, 1990; ISO, 1987; NSAI, 1994 and NSAI, 1996). Some workers require that a
detailed field log sheet be filled in (in duplicate) at the time of sampling (Flanagan et al., 2002
and Flanagan et al., 1990).

The amount of detail required in the sampling records will depend on the objectives of the
sampling programme. If the same sampling location is used permanently, it is not necessary to
repeat all details every time. Many workers have cited that at a minimum, the following details
be recorded- unique sample identification number, purpose of sampling, sampling date and time,
name of sampler, sampling location point, weather conditions, name and address of field contact
(if applicable), type of sample, preservation carried out and data generated in the field (Anon.,
1998; Bartram et al., 1996; Crosby and Patel,1995; ISO, 1992; ISO, 1991; I1SO, 1990; Flanagan
et al, 2003a, 2003b and 1990 and Department of Environment, 1981). In some instances,
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additional information must be recorded. For example, in Local Authority pollution
investigations, information relating to the name and address of the discharger and the name of
the receiving watercourse or sewer must also be recorded (Department of Environment, 1981).

1.3.11 Laboratory records.

Chain-of-custody forms should be used to trace sample history from the time of sample
collection to final reporting. Each person who has responsibility for the sample must complete
the form and this includes anyone taking possession of samples during transport e.g. a courier
company as they are technically part of the chain of custody and may need to account for the
samples whilst they are under their immediate control (Treble and Nicholson, 2000 and Anon.,
1998). This process is essential when the data is to be used for litigation purposes.

It is essential that all field records and chain-of-custody forms are legible and maintained in a
secure location for a predetermined length of time. Accurate sample records are essential in
order to allow correlation between the laboratory analytical result and the field situation, thereby
allowing conclusions to be drawn and subsequent action taken if required.

Each laboratory must devise their own sampling record requirements since guidelines are not
provided in ISO 5667, Standard Methods, relevant environmental legislation or associated
implementation handbooks. The records maintained will normally be dependent on individual
laboratory requirements.

1.3.12 Sample transport

Containers holding samples must be protected and sealed in such a way that they do not
deteriorate or lose any part of their contents during transport. During transport, samples should
be stored in an environment that minimises the alteration of the specific parameters of interest.
In general, samples should be protected from direct sunlight and held in a cool environment,
particularly so, in the case of bacteriological samples (Flanagan et al., 2003; Flanagan et al,
2002; Anon., 1998; Crosby and Patel, 1995; NSAI, 1996; ISO, 1994, 1SO, 1990 and Galal-
Gorchev and Lewis, 1984).

The conditions under which a sample is stored during transport depends on the analyte of
interest. For example, samples undergoing bacteriological assays must be stored in an icebox and
maintained at temperatures not greater than 10°C during transport. These samples should not ke

19



stored for more than 30 hours, particularly if analysing for coliform bacteria (Flanagan et al,
2003 and Flanagan et al, 2002). In the case of volatile components (e.g. ammonia) the sample
must be stored in a gas-tight bottle to prevent evaporative loss of the component (Flanagan et al,
2003; Flanagan et al, 2002 and Anon., 1998). Easily oxidised components, e.g. nitrite, sulphite
and hydrogen sulphide, must be stored in air-tight-bottles to prevent the oxidation process
(Flanagan et al, 2003 and Flanagan et al, 2002).

ISO 5667 states that samples should be kept as cool as practicable and protected from light
during transportation. European Communities (Quality of Surface Water Intended for the
Abstraction Drinking Water) Regulations, 1989 states that sample transport should not
significantly affect the values of the results obtained from samples. There is no reference made
to sample transport in EPA (1996).

1.3.13 Sampling quality control

Sampling always contributes to the measurement of uncertainty and knowledge of the potential
sampling error is important (Anon., 1998). Sources of sampling error include the use of
incorrect sampling procedures or equipment, sample contamination or incorrect sample
preservation or storage. Quality control procedures are required in order to quantify and control
these sources of error.

ISO 5667 (I1SO, 1998) describes a number of quality control techniques and these include:
the collection of replicate samples as a check on the precision of sampling
the use of field blank samples. This is done by dividing a sample of deionized water into two
parts, one of which is processed as a real sample (i.e. by filling into a sample container and
adding preservative etc.) while the other is unused. The comparison of results from both
samples identifies errors due to contamination of sampling containers or sampling process,
the use of spiked samples. This is done by either spiking deionized water samples or
environmental samples with a known concentration of the analyte of interest. The spiked
sample used is divided into two parts, one of which is processed as a real sample using the
sampling container while the other is unused. The comparison of results from both samples
identifies errors due to contamination of sampling containers or sampling processes.

Standard Methods (Anon 1998) recommends that field blanks are used in order to assess whether
the sampling container used is affecting the analyte result obtained.
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